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Low-carbon economy is a mode response to climate
change and human society to achieve economic and
social sustainable development. Low-carbon, means
that economic development must be to minimize or stop
the dependence on fossil fuels, practice energy use
and economic restructuring ; economy, means the
transformation of the energy use and processes on the
basis of continued economic growth, stability and
sustainability.

Objective of this project in the context of various
academic units, human resources and research
institutions, for the low-carbon economy of the
topics will be with the school vision and goals, then
develop into future research and development
characteristics of school. Plan on the implementation
of the process, mainly for the energy tax, corporate
social responsibility, carbon labeling, green supply



chain, Eco-driving and other issues were discussed.

#~ M4t Low-carbon economy, Energy tax, Corporate social
responsibility, Carbon labeling, Green supply chain,
Eco-driving
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Abstract

Low-carbon economy is a mode response to climate change and human society to achieve
economic and social sustainable development. Low-carbon, means that economic development
must be to minimize or stop the dependence on fossil fuels, practice energy use and economic
restructuring; economy, means the transformation of the energy use and processes on the basis of
continued economic growth, stability and sustainability.

Objective of this project in the context of various academic units, human resources and
research institutions, for the low-carbon economy of the topics will be with the school vision and
goals, then develop into future research and development characteristics of school. Plan on the
implementation of the process, mainly for the energy tax, corporate social responsibility, carbon
labeling, green supply chain, Eco-driving and other issues were discussed.

Keywords: Low-carbon economy, Energy tax, Corporate social responsibility, Carbon

labeling, Green supply chain, Eco-driving.
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Abstract—All over the world the topic of corporate social responsibility (CSR) is becoming
more and more important. Currently, there are nine different sets of CSR evaluation criteria being
used worldwide. As each of the different evaluation methods vary from one another, it is difficult
to compare the results from two different tests in order to evaluate the CSR scores of one
company against another. This research selects four sets of CSR criteria, three which have
international credibility, the SA8000, the GRI, and the ISO26000, as well as the Corporate Social
Responsibility Best Practice Principles for TWSE/GTSM-Listed Companies (known as the TW
Principles) released in 2010. In our research, we will review the current literature on the
evaluation criteria to compare and contrast the different CSR evaluation criteria, present our
results and make conclusions.

Keywords—Corporate Social Responsibility, SA8000, GRI, 1SO26000

1. Introduction

Michael Porter, considered an expert in strategic management, believes that corporate social
responsibility (CSR) is the new competitive strategy of companies in the 21* century. The
implementation of social responsibility strategies within the core operations of a corporate is vital
when they wish to pursue sustainable development. Hence, how corporations in Taiwan respond
to the social expectations and demands of their customers is crucial for their future development.

CSR is widely defined as the ethical conduct carried out by corporations towards the society
they exist within. In particular, a corporation should take responsibility for all of their
stakeholders, not simply their stockholders. The World Business Council for Sustainability and
Development (WBCSD) defined CSR by stating that corporate must be committed to abiding by
ethical standards and devoting themselves to economic development while improving the quality
of life of their employees, families, local communities and the society at large.

1.1 Rearch background

To reinforce the value and execution of CSR in Taiwanese corporations, in February of 2010,
the Taiwan Securities Exchange (TWSE) and Gre-Tai Securities Market (GTSM) jointly
instituted the TW Principles. Article 3 of the Principles specifies that “in fulfilling corporate
social responsibility initiatives, TWSE/GTSM-listed companies shall give due considerations to
the social mores, rights and interests of the interested parties in its corporate management and
operations. Giving due considerations to the environment, society and corporate governance
while pursuing sustainable operations and profits. “The objectives of the principles are to
implement four elements: (1) to promote corporate governance, (2) to develop environment
sustainability, (3) to protect social benefits and (4) to reinforce disclosures on CSR.

1.2 Rearch motive and purpose

As aforementioned, CSR has become a major concern worldwide. Regardless of whether CSR

forms part of the competitive strategy, management strategy or practice regulations, corporations

in Taiwan must act with CSR. Because domestic corporations generally score poorly in CSR



evaluations, this research will compare the four types of CSR evaluations criteria with the aim of
increasing the understanding of Taiwanese corporations of international CSR evaluations criteria.

The most widely used international CSR evaluation criteria include nine different measures,
as listed below:

(1) OECD Guidelines for Multinational Enterprises
(2) UN Global Compact

3) ILO Conventions on Core Labor Criteria

4) ISO14000

(5) SA8000 (Social Accountability 8000)

(6) Global Sullivan Principles

(7) GRI (Global Reporting Initiative)

(8) AA1000 (AccountAbility 1000)

9) 1SO26000

The nine sets of criteria listed above can be divided into two categories: principles and
standards. Principles can be defined as the comprehensive values which are used to support
general conduct codes. Standards can be defined as the benchmarks in CSR set by other
organizations. Standards are further grouped into procedure, performance, foundation and
authentication standards (McIntosh, Thomas & Coleman, 2003).

The nine sets of criteria do not define the scope in the same manner. For example, the Global
Sullivan Principle focuses on global views; the International Labor Organization (ILO)
emphasizes labor; the SA8000 focuses on the scope of work; the AA1000 emphasizes product
standards; the ISO14000 emphasizes environmental criteria and the GRI is devoted to the
standardization of corporate sustainability reports (Mei Shui Chen, 2009).

For our research we selected three of the above sets that we deem both convincing and well
developed: the SA8000, the GRI, and the ISO26000. In addition, since our research mainly
focuses on CSR evaluation criteria as applied to Taiwanese corporations, it is necessary to include
the TW Principles. Thus, this research will examine and compare the above four sets of CSR
evaluation criteria.

2. corporate social responsibility

2.1 the meaning of corporate social responsibility

The economic development committee of the United States first posed the idea of CSR in
1971, by likening the concept to a set of three concentric circles. The inner circle refers to the
basic corporate responsibility, meaning the effective execution of economic functions. The
middle circle refers to the responsibility of a corporation to execute their economic functions and
to cater to changes in social values. The outer circle represents the responsibility to aggressively
engage in improving the social environment.

Carroll (1999) posed a four-level model of CSR. That is, economic responsibility, legal
responsibility, moral responsibility and charitable responsibility. Economic responsibility refers
simply to the economic duties to be assumed by a corporation, which enables them to quality

2



product or service with fair values and which appeases shareholders, employees and the
corporation’s need to survive. Legal responsibility refers to the responsibility assumed by a
corporation in accordance with the law while maintaining their rights, such as compliance with
national laws and regulations and corporate governance. Moral responsibility refers to the
responsibility assumed by a corporation based on the demand of social mores, such as fair
competition or self-constraints on personal conduct. Charitable responsibility refers to a
responsibility assumed voluntarily by a corporation, based on certain social values or
expectations, such as the concerns of social minority groups, participation in social welfare or
donations to charitable organizations.

It can therefore be said that corporations are composites of a modern society and while
corporate power continues to grow, society demands that they assume more social responsibilities.
Thus, CSR is the summation of economic, legal, moral and charitable responsibility that is in
compliance with social values and expectations.

2.2  the development and current situation of CSR in Taiwan

Since 2002, the Department of Investment Services of the Ministry of Economic Affairs in the
R.O.C. has assisted corporations to understand CSR and promoted the benefits of CSR in
domestic and foreign investments. The Bureau of Labor Insurance and the Council of Labor
Affairs of Executive Yuan announced in November 2009 that CSR would be considered while
selecting stock to include in the labor insurance fund and labor pension fund. It also formally
required that outsourcing businesses should include as a principle in stock selection, and consider
such practices as environmental protection, labor relations, rights and interests, and their
quarterly review reports. To intensify the value and execution of CSR in Taiwanese corporations,
the Taiwan Securities Exchange and Gre-Tai Securities Market jointly set up the TW principles.
The principles created are expected to strengthen corporate integrity and honesty, as well as aid in
the established of a national policy on CSR.

In recent years, privately owned businesses have been aware that well-known corporations,
such as IBM, Apple, HP, and Sony are becoming more demanding of CSR with their outsourcing
partners. For example, in Nike and Levi’s CSR report, a list of all their suppliers was published so
they could be examined by various stakeholders. It is possible that if this trend continues,
corporations which do not disclose their performance in CSR will not be able to acquire contracts
and risk becoming uncompetitive.

According to statistics released in 2009 by the Taiwanese Business Council for sustainable
Development, 58 corporations in Taiwan issued CSR reports. Among them, 30 companies (52%)
had followed the guidelines of the GRI.

3. Four CSR criteria
As discussed, we opted to include four sets of CSR criteria: the SA8000, the GRI, the
ISO26000 and the TW principles.
3.1 SA8000
SA8000 is an international standard which aims to improve work conditions. It was also the
3



first to authenticate international CSR with the objective of imposing humanism on market
economics. The main goal of this standard is to improve the working environments and
conditions of the global labor force, by requiring corporations to aggressively assume
responsibilities related to the environment and social interests (SAI, 2006).

SA8000 contained the first auditable criteria for labor, developed by a non-official agency.
This international authentication ensures “ethical production” by ensuring that the manufacturers
of various global products or services provide basic protection to their labor forces. If a
manufacturer follows these standards they are known as an “ethical manufacturer”. Because the
authentication is transparent, and widely accepted by consumers and general public. For
corporations, the acquisition of SA8000 authentication has become an important milestone to
improve the workplace (SAI, 2006).

The criteria of the SA8000 are formulated in accordance with the ILO, the United Nations
Convention on the Rights of Children, and the Universal Declaration of Human Rights. They
include the following:

(1) Child Labor

(2) Forced Labor

3) Health and Safety

4) Freedom of Association and Right to Collect Bargaining
(%) Discrimination

(6) Discipline

(7) Working Hours

(8) Compensations

9) Management Systems

3.2 GRI

In 1997, the Commission of Environmental Responsible Economic Systems (CERES) and the
Tellus Institute established the Global Reporting Initiative (GRI). Currently, the framework of
sustainability reports provided by GRI is widely recognized as an important tool assisting
organizations in improving analysis and decisions.

The sustainability reports produced on the basis of the GRI reporting framework disclose the
achievement of the organizations based on their commitments, strategies and management
guidelines during the report period. The reports can serve the following purpose:

(1) To benchmark and evaluate the sustainability performance of the organization in
the fields of laws, regulations, principles, performance standards and voluntary initiatives.

(2) To demonstrate how the organization impacts the expectations from all parties on
sustainable development and how the organization is impacted by these expectations.

3) To compare the long-term performance of the organization against the long-term
performance of other organizations.

The report framework of the GRI is as follows:

Part I : Defining Report Content, Quality and Boundary

4



(1) Guidance and Principles for Defining Report Content
(2) Principle for Ensuring Report Quality
3) Guidance for Report Boundary Setting
PartII : Standard Disclosures
A. Strategy and Profile
(1) Strategy and Analysis
(2) Organizational Profile
(3) Report Parameters
(4) Governance, Commitments and Engagement
(5) Management Approaches and Performance Indicators
B. Economic Concerns
C. Environmental Concerns
D.Social Concerns
(1) Labor Practices and Decent Work
(2) Human Rights
(3) Society
(4) Product Responsibility
33 1SO26000

According to the International Organization for Standardization, the completed version of the

ISO26000 was officially released in October 30, 2010. The standard can be applied to any subject,
not limited to the scale, type or location of the corporation. The contents are as follows: (Jia Guei
Chen, Cyun Huei Huang et al., 2010)

(1) To expose the concepts surrounding CSR, conditions and give precise definitions.

(2) To expose the principles and practices regarding CSR.

3) To expose the core items and issues regarding CSR.

4) To incorporate, practice and promote the goals of CSR, by way of organizational
policies and practices

(5) To ensure relations with related parties

(6) To expose the communications, commitments, performance measures and other
related messages regarding CSR.

ISO26000 provides basic conceptions of CSR:

(1) Accountability: Organizations should take responsibility for any impacted
societies and environments, including the significant consequences caused by intentional or
unintentional decisions and activities of the organization. They should do the same for the
interested parties that are significantly impacted by the decisions and actions of the
organization.

(2) Transparency: Organizations should be transparent about their decisions and

activities that may impact on others.



3) Ethical behavior: Organizations should act with morality, including integrity,
honesty and justice.
4) Stakeholder: Organizations should respect and focus on the benefits of
stakeholders.
(5) Rule of Law: Organizations should respect legal regulations.
(6) International norms: Organizations should respect related international norms that
will contribute to the benefits of continuous development and social welfare.
(7) Human rights: Organizations should recognize the importance of human rights.
The formulation of the ISO26000 considers not only the corporate relations with society,
environment, laws, cultures and politics but also the diversity of organizational policies as well as
differences in economic conditions. As the ISO26000 conforms to regulations of international
conduct, it is judged to be a set of reference standards for CSR that have been thoroughly
considered in all aspects. However, the ISO26000 is not a management standard, nor is it a new
standard especially established for corporations to obtain certification, contracts or supervision
(Jia Guei Chen, Cyun Huei Huang et al., 2010). The ISO26000 is guidelines when corporations
intend to engage in CSR.
34 TW Principles
The TW Principles provide a sample policy on management with integrity, based on the
international CSR criteria for TWSE/GTSM-listed companies. They include the following:
(1) To stipulate the goals of the TW Principles to assist the listed companies in
establishing a corporate culture of integrity and honesty.
(2) To stipulate company policies in regards to company rules and documentations
which indicate integrity and honesty.
3) To govern corporations in establishing precautionary measures to prevent
dishonest behavior.
4) To establish the rule that companies should avoid trading with other companies
who are engaged in dishonest behavior.
(5) To stipulate the ban on bribery and offers or acceptance of inappropriate interest.
(6) To stipulate matters which directors, supervisors and managers should comply
with.
(7) To stipulate that corporations should hold training sessions and promotions of
CSR on a regular basis.
(8) To stipulate that corporations should intensify corporate executions of information
disclosure related to integrity and honesty.
4. COmparison and Analysis of research results
Our research has made references to the literature of Sau Bin Lin, Yu Cheng Lee and Chia
Yen Wu (2010), and selected the four constructs of environment, corporate governance, human
rights and labor practices, and stakeholders. From the relevant literature collected, such as the
SA8000, the GRI, the ISO26000 and the TW Principles, indicators related
6



4.1 Environment
This research has summarized the four indicators on the construct of environment. They are
environmental management systems, environmental audit, environmental performance evaluation
and the utility of energy as an on-going concern. From Table 1, it is noted that the GRI, the
ISO26000 and the TW Principles all emphasize the importance of the indicators related to
environmental criteria. The SA8000 is less concerned about this issue and does not contain
environmental criteria.

Table 1. Environmental Analysis

Indicators SA 8000 GRI ISO26000 TW Principles

Environmental Management Systems

Environmental Audit

Environmental Performance Evaluation

The Utility of Sustainable Energy

4.2 Corporate Governance
There are five corporate governance indicators, resources allocation, compliance with
regulations, information disclosure, concerns of the stakeholders and anticorruption. From Table
2, it can be seen that the ISO26000 and the TW Principles possess a comprehensive evaluation
criteria on the structure of corporate governance. While the GRI contains a set of more regulated
criteria on corporate governance, the SA8000 focuses only on the concerns of the stakeholders.

Table 2. Analysis for Corporate Governance

Indicators SA8000 GRI 1S026000 TW Principles

Fair Resource Allocation

Compliance with Regulations

Information Disclosure

Concern on Stakeholders

Anti-corruption

4.3 Human Rights and Labor Practices
We observed that the SA8000 and the ISO26000 both place much emphasize on human rights
and labor practices. Because the rules of the GRI and the TW Principles are not in as much detail,
they lack the indicators of management systems and prevention of forced labor. However, these
four criteria place much emphasis on human rights and labor practices.
Table 3. Analysis of Human Rights and Labor Practices
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Indicators SA8000 GRI 1SO26000 TW Principles

~ 2 2 ~

Basic Work Rights

Health and Safety at Work

Management Systems

Discriminations and Minority Group

Labor Relations

Human Rights

Prevention of Forced Labor

4.4  The Stakeholders
As can be seen in Table 4, the four types of evaluation criteria all emphasize the importance of
stakeholders. There is very little difference between the GRI, the ISO26000 and the TW
Principles. Only the SA8000 emphasizes the stakeholders related to suppliers and associations.
Table 4. Analysis of the Stakeholders

Indicators SA8000 GRI 1SO26000 TW Principles

\Z 2 2 2

Employees

2 v ~

Community

\Z 2 2

Governmental Agency

Consumers

Suppliers

Trade Union

5. Conclusion

By way of comparison and analysis, our research has found that the ISO26000
comprehensively emphasizes the environment, corporate governance, human rights and
stakeholders. It also considers the diversity of organizational policy as well as the
differences in economic conditions. It is the only one which takes all constructs of CSR into
account. The SA8000 focuses on the issue of human rights and labor. It is a set of evaluation
criteria developed to protect employees’ safety, freedom and rights. The GRI focuses on
environment, labor and stakeholders. It is especially detailed in the evaluation criteria of the
environment but less engaged in the systematic framework of corporate governance. The
TW Principles have made by referencing the mainstream international criteria in CSR.
olders, although it has met the international standards, most of the contents are only
principles without detailed rules for implementation. More contents need to be
complemented to become the important standard and regulation of CSR among corporations

in Taiwan in the future.
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Abstract

Energy is an important resource for people to survive. That is because every financial activity
relies on the energy to run and it is a kind of basic power to assist the public living. Accordingly,
one hand is that the energy tax becomes a new issue, which influences the development of the
entire society. On the other hand, the global shortage of fossil fuel excites the other kinds of
replaceable energy technology developing. Though the new energy is developing, the cost of
fossil fuel is unavoidable going up dramatically so that the energy tax probably becomes an
impact to public and industry nowadays when the usage of energy exits in an uncertain stage. In
the stage, it is necessary to provide a system to promote industries to use energy more efficiently
and it is also the main objective of the energy tax.

In the research, there are two parts. About the energy tax, the first one are for the economic
basis and law basis, which research the background of economic and law. The purpose is to
understand the condition of nowadays and the basis in our country. The second one are for the
enforcement and industry recommendation, which research high energy consumption industries
and electrical system industries assisting the enforcement of energy tax. In the end, the research
result provides a reference for the energy tax.

-3 ¥
AT H-ERC H%ﬁ%ﬁﬁ%pf;%%%&ﬂ%iﬁﬁﬁ’if%dWF,k

Fol R ARA KT R ER o LA Y- Famy FAES Gy 28

AAAATR A S FIRF A EY PRI LG TR > FIt R E RO T RA
# R LR & =) < = e PAR S e S - B 0 e S c A A

-8 FArAR

AR ARET ERIP DA EF AT Fanki s P 253 iﬁl‘ﬁﬂgéi"@ =t
T AA2006# 52 10p '~ 2R FEEr L2 43206 127 27p° - SEHE= L -
2007 £ 50 2P AHENLpRAD TR IRMENT R 0 RA U F Ry ﬂéi&;’&
ZREHERAZFRERRZ A AN 2o 2 0F o Lo Fakiar 2006 E 3% DAy RARTE B 3
FoREBET A S FARIRETYA ARSI 2RE oA 2012 # 2 7 24 p ARtk P
Feor#gad TR FHMAEZ 2 THRMZ ) 322 NAREAPZEZFHEES
ZoTHRBAARYEF O FRFENFRDP IR FI2012& 47 0P &7 0 d iRk
Al TR G AT FI A RIS R 0 32 F AR AT o PR AR
PG /Eﬁ%’gnb,}ﬁlyfﬂ,m’i- WP EYEE > R 2wy kg ¢ o 1"5"’; L Rv

A

"PERAREM AT FRAT Y 17985 £ A% Y 69198 0 £ 221 F T o
PrEPRRARM B 2R F Y 17985 > £ ARk W 72538 £ 35 F T o

T EPRRAM G AT Y 17985 > L R4 KW 74465 L 41 F LT o
9



FELANAR2008 #5721 poarge i TigiRARLiE 0| &
TG IR R AR AT E DD R A o
B8 nRRLREIEd
AR A REI R R AT AR R G T IR L IR A Ko RARBE T
R AR RRE T RFME ER{ATAERRE ST EANE LA o I g
WEFREFL DG AT R RRT A2 THEE ] k(- P e BB BRI
B BBEET - 26 }‘%‘ﬁ“ Ffcds R £ 3 o Mena g AR PO R R 2 AL € AR T2
5 pk) e pb thdodfiola i Rz T o F N MAT IR S B W Al ¢ w AR > T KA
AR At VAP S E D A A 0 B AL A FFE A AT L firiE o
Y- 25 d BARF LR LS & R ﬁﬂ#ﬁél“«ﬁ‘k BRI 0 FAR R
REF S RFINEE F o L R FR R eF LT L(doH ] "Lr-r) #M?w‘ﬁ ~ & E@?I‘\@?l
TiaE ARy 7 ™54
PR P Lot «
FORPE A EA BT
o iR B REPER TS 4 o e R Rl RS B

o

:‘%FFJ_‘—— P""/I—i—vi‘#’_*l}hj‘

GERL e

Bl 1 A -T33s 5)'%’5};'?’;%_1@]‘?—%“?“{
T8 AKRA R E BRI

9 5
4
8 - y.Jrﬁ'a “.? Eu‘ LS ﬁ.gws‘sa\g..;‘&_a_au
-
7 _
g -
el
= 5
&
T 41 -~
z 3 ..,-"”"
< -
2 - .,r".
1-’*;.
IE D 1 1 1 1 1 1 1 1 L J =R
1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010
e Y B ef 1 B ad: I #HE —Fr@ig * 4%

Note From “Key world energy statistics2010” by International Energy Agency,
Key world energy statistics2010.

end whRBE RSP 2 F LT L g A et i &

#f o ‘;;\n«j S r/?\’_ * ,L/&’J\#L—){E ,—w\i‘ﬁ:M 18 » 1 s\
W s Tioi 4 kmd e h o a BT RBELA LA R2 5 hf ks § R E

ZERREM G IIREFT R 17985 L A K% 81405 > £ 39 F T o
"2 & %~ =5 52 (2008) © it AR A - ARG B () o fdrg 7204948 0 F 100 2 & 7~ =0 32(2008) ©

R WA E (T) o foird 720508 0 F 78«
10



Fho S TP R R ERYHF PROERT G MR AT E Kp EXPRP
SR LA o 2 JEd RS R R LS ALz LB R RS AT o B R R R T
R EFL A o A g F R R 0 - BB LR 6 2 L E i
ERMAAIA T2 G4 BEENAFSH BB RAR T T o B iE 0 R
TAAER T Koo

b F FRehfE s B3 R B AT s s 4 _M$&ﬂ¢$uaﬁﬁi%§;ﬁ
B AP R o a R ?ﬁ%ﬁﬁﬁﬁﬂﬁ°éé1 B?¢% AR M AL
g%ﬁd’T“%'Jﬁftﬁ W% oo R o BN B RGO A R G :v_&fﬂgo,’é#%@’éﬁ%@

s FLBFAEE S EA é#?%ﬁ‘% FORLAAEFEY A RFIHLME 5

3

F‘]”flvizv #\1 FHi e 0 8 BB L B AT A E 0 @ Mo R MR AR Y X
Tl EFF ke 2 R gz FED o

ﬂﬁﬁ%@ﬂwmﬁ%EWﬁWﬁﬂa%a’~%wa*@%ﬁ e LR 54 A
B LR AR R PR R B TR o TR HHORA B A Sk
He Lﬁi}im%ﬂd?i HBodg RPFRA AP IR 5 B M E A E AR x&l%f{]’?i’trﬁ L RiE R
m:j_.;\iéﬁiﬁﬁlﬁvélﬁﬁ%ﬂﬁmiﬁm’ e X lf}p’ SRR e

F*%ﬂ{‘iiﬁi@:fﬁﬁﬂ*ﬁ%ﬂ » 3B P"“’;';’E'fﬂ*mﬂﬂig?'z 5_”5’%/‘% s R

fm;r»,&ﬁl C AN R E BB B RE VASF I P T SR HRP X 2ot F R
Lo hAfRt By W ﬁd Ak gaﬁ FUR KGEAT L B RL o S TIE 0 BT RS R R
¥ sule G 0 4 IR R Pk At s R e B K 8w S L 2T

B F AT E IR AR FRFR S AR B AR L R R A EY
¥z & Wb AL E 2 FIRAR T

il AR 7S % S RS R L Slic] R Y AR
)?E‘//E‘l@%ﬁ K od MR AREFATH RN ARG RS RSN AREAL A

I EW AR #\/3””?"/ "’i‘ﬁm‘i oo ek Bt A F iR R g RALR TR Bl 0 &
? 5 ) gﬂ'@ﬁ’ 4’,%%— 5/,5;}53, ] L {;i%’&ﬁ-&ﬁ_é’%‘é”ﬁ de B FR AL E (A 4
ES RN $4&L6$P“%fwzﬁ*@$%1&%’a&ﬁﬁ%ﬁﬁzﬁﬁ%aa
NER G F e

l.p &
PAFR LR A //E‘lﬁ:‘ S FRtEAt s RRR IR G EARN BT 2 0 8 ”?"7?
EHAFHLEZE ¥ 5 lﬁiﬁ’ﬁ'i fe AR o TEHIF ARG KT AR 7%‘:’”%» o
Fodk B 30%4c iE ﬁgﬁﬂ%&oWME%&%%%%ﬁﬁﬁ’ﬁﬁﬁﬁﬁyﬁ%ﬁ&
mfmﬁ%’v“ﬁ&%*%ﬂiiﬁgﬁﬁkﬁéoﬂiﬁéﬁ&ﬁ‘zw\ﬁw\
e 1 @$\gxﬂw%»$i BB 0 A T 2 R et gy IR
P BEEE A SN REBEITRR 5 T R R R F 2 R N R
E 0 BLUE N 2 AT R A SRR o B i 2010 & 12 7 p oA G Hi ke
B Ao PR g TS TR A B B A F SRR
2.2 %
4§ 1917 & R Wi R e 0 1992 & L ORIRB A R EH B R AT
B M RRE - F PR AL L F RS AL R RN 2 AR5 R
11



FisFifidr - 3 bpfL o Y AR E ARG R R BB a Rt 27
Fm e ? PARE o ¥ A2 B RE BT ARG B 2FEER R 2 Fen
ﬁ%%&ﬁ%ﬁﬂ%%gW%ﬁiJ’ﬂ&@kmwﬁiﬁwﬁ-ﬁﬁﬁ%%ﬁﬁ@)
A REF R R (2 )R RA RE R ] A 2 F o $eh 1996 & 2§ FoRrik
NAR R R 0 R R MR A R R R R B & R
FEFACE R e | Echk - B AV P RE T e Y SRR Bk
FooourE M g oho § RS

3.8
TEGRLE R B E AR R EEE 2R B BIRB i RIT
REELEHHP e RN ASNE LRI HEL LR LA ;'/)E‘la‘a.}-} o J¥_1997 & ¥ ﬁe#‘f&“[&] p

MR 0 TR AN EF B 60% DR ¥R R 5 R
Bl 50% > &3F 5 B R FAPT 0 a P R H AT p AR o
4.35 18

HEL AR R - RS S EfcE 2 FRo $0 1988 & & 2 & f b e
AR T ROBRBE DL AR HEERBELISTEE c LEFLL
1990 & R E T B AT BAL B Y s R B 2 F VB - F R
*4‘W%‘?%E%ﬁoﬁﬁ%ﬁiﬁﬁ’é?ﬁﬁﬁﬁiﬁﬁ’iﬁﬁlﬁﬁi%
30 1991 & Bnpicle s § PR 0 3 R Y BMRACITA SR o B A R R AT
B2 288 g L8 E %wh%h@$%ﬁ#¢*ﬁﬁWv%m’“%ﬂ:$1%% o
FUHI-Btipzw b2 - o F a1 ERE P LR T F PRS-
Hh g 22— o B et 2 LR BofL2 pOR o g 1 EINP i R 45 0
BHLRARILEIAE PHLANAER P FREA AR

EH S
TEHRRGEME 5T IEHLARR S RS AR SRR R R HiEA
APy EAFEROEF > AP R EEROF FEHREFAT S % AR RRLEF
AR Ry DERE R dopt 2 F AT R PO R B B AL
oo FRm AR R AT R 0 B & LAY 2L hW Loy Renié oy o &
AES e P AGF X ARTRARGAZL G AR FTO ki * 2xF AP FES £
m o
Fb i R g T R EH R AT R A F AU L AL E P M R ol et
BB AR Earc LR E R b BHN NIRRT EAE DAL B HAg
Brs R PR T R Mé wﬂiﬁﬂ%r¢ﬁﬁ*%k j AR AT B T
L7 RGERP L BAERN B RE T G G e #a‘igx,értﬁ A g T
b LRE KR E i‘ﬁm%wip: CEPRLE PR SR A BRI e s et 3 R
PR R AP o @ 2RI L R RG B A - A A o
T
- & 1SO 50001

&

b

L
ﬁ

F_w. TR

IS

12



EIRSRR Y AP AR E AR - > F e R Y 5 FEE R R RE
‘2 % (International Organization for Standardization - f £ ISO) » { >t ik g L4 - £
%ﬁ’%?uwﬁﬁﬁﬂﬁf*%%*ﬁﬁ%wﬁéﬁo
ISO 50001 % & R 4R e R & K 5 0 RF i R E AL Fla 4] LORF i kg 2
W FERAEEEXER £ %ﬁﬁﬁﬁﬁﬂﬁwwﬁ’»ﬁiﬂ%vuﬁ%ﬁiﬁi
—%ﬁ%%%ﬁﬁ%ﬁ%ﬂ»ﬁ&’ﬂﬂﬂbw*
[N S €I e x g IFLF EAP - g
222 FERRERDEP R > MR RN RT RE R R o
3aEdiin kg b if 1Y B e IR i R E IR o
41553 2T A e AT R G T 9 P EF R o
5.5 R ¥ ER4EY i Rig * sS4 P AR R o
6.@5’}#3_25{ GEE R R
Them e e PR X 2 E R I
ISO 50001 # # ¥ efoig ik g ety J AR 2% '«1—\'1 Pz 2IREME U ZE LIE G G R
i 1?% SAHEAFITS A RREEME PO F MR R AR
FoFEFANEFFROPPFTFR RSO > L2 2 FRFERES X KR
AR E It *Ef’fﬂimfmﬂiﬂﬁﬁﬁﬂﬁﬁﬁwﬁﬂﬁ°
ISO 50001 2_#.2007 & 3 * d 8 & W1 # % B % % (United Nations Industrial Development
Organization: UNIDO) = B*% #% 2 ' % (International Organization for Standardization: ISO)”Lr
ﬁﬂm’%4M%*FbWﬂLf$m@?Wﬁ§°~ﬂ?ﬁim@h%ﬂ4%€
e ahE o R g2 kg FR WERE e A52m8ﬁ&%m%ﬁﬁ%iﬂ?w
MR AL e TR AR T}UKISO 50001 » # = >+ 2011 # 1 * K% % 7 ISO/FDIS 50001 &%
%% § % ¥ % 4% (Final Draft International Standard) » 4ck i3 7 ISO 9000 ¥? 1SO 14000 ,%
7] -1SO 50001 » & p FRit e s ¢ AR - & 8 4 Pk Py BB B € B Wnsd
F% -1SO50001 2 & cg AR A3 1 LR FH RS -7 ;@Wﬁﬂ&%ﬁﬁ**e%f
rzx > — :ﬁ»giﬂ'nb B TP EFE e T RE R w:i 1B %] 2. 5% ,};%I'F:Ij"_,, kLo T e
Ak sLit endide gt Ko B A MR SR Y R @R o RS RET
%B a5 60% > F s R
hEt g A ;.4618050001 %8 ﬁé‘-—'g
FoRT R ERIE P FA B EEERE
Haedhr- Lo 2 s {ESFeada //E‘l'g: Ik ke m >3 f’i‘:’r’L o //E‘l'g: EL
ﬂﬁ%%?m%ﬁ%?%ﬁ%ﬁwijﬁ$ﬁf%’ﬁﬂﬁiJ’ﬁﬁiﬁ%géi
LR o BhE E'%T:.kmnb,};%zgiﬁ',f “fu’:’&-—"prl’_f_ﬁ% RS F: 3L o
@r% PR E SR R B A £ B & 5 1SO 50001 (7 3 1‘“1—? g B AR R
ﬁ;‘;’ LR El"#"””’ﬁﬂ »eie {5 e S é_rrm@lleﬁfi" R kgt sxE > 4 AR
ARV TR A BRAEY > U LR CONAR P Ry Rdeie L sa S enig * oo

~

S fizk v F Bl% (2011) » 23 % - FJE 1 ISO 50001 S Rz R > P 0%~ % 5 L LT h gL b stk

%2 SGS Smz S5 o &5 7 0 47(10) -
13



7% %% g0 Boulding, K. E.(1966): | T #-5| %k eias o 4 LB | — 2 ¢ “ifg dy e
ﬂﬂﬁﬂ&% PR IR E B e ok R AR AT G KA 4 AR SR
A RAE R ETIASRRO2ERY o P BREd TR TE S g

X

R

éa’ﬁ%éus;i@wﬁ&ﬁ@%ﬁﬁﬁﬁﬁzzanJuX%Fw»orﬁww

%,{@iy&rﬁ%ﬁ%%@%ﬁj&?ﬁmﬁa@%%m&@»%f’ 1T E AT

SRR XA L A E R RIAIRL Y R AT S R o KA 0 AIRREAY S
7

Zk A
FW D TiE T FAITRE
LAFen s S TR R R bk Y 2 @ E AL IR G A 4 H e

?\/})—i‘l L’% %ﬁ/{h‘iﬁ% =8 ‘:'\‘—»,‘ 55, f-}:% bawe rmf\,lq Yx-éf 2 ‘*Fl L—/f:’/\iié_f\?/ﬂ
B Ll b @ B L TR A P KT e 3R RN 4 2 BTk G
4

2ATEVEAR B @“Wﬂgm*ﬁiﬁﬁﬁiuaﬁﬁ%ﬁ ko A G R
?ﬁﬁéﬁ‘fﬁ’ﬂ“ BEAF HIEY p ARG RARERRYEAREE o AL A
f;_KI%ﬂ’:";’E_ %im\i\ Fﬁ]?l%x?_ﬁ,]fé_iﬁ:fi\.ﬁaz c L LAY SANERAZER &
e f§§%ﬂ~“f% EEN T TN S Y LN FE S IS
CRPEREEARTE LR et iR BL RS R R E

AT E R Vi% AR EAEE R L
SRR TS AL T A TR %dyzméﬁﬁéﬁﬁﬁgﬁlé$@ﬁ 4 5 TR
204 B ke P PE ALY DB ERATHNEE > 7 @i%},ﬁﬂﬂé‘;?a%? ESIRI R RN 4
5 RS R AR FE R R L

437end AR BAREARE DG ABA I R ARE
PAIBAEM T £ Y R AR E ERIE A typiﬁz:s;:;%\aaﬁ.ﬁv’ i?%’fé_é
AR ARPRPR S FTRE SN ARTIR KF PR ?Eﬂmﬁ | % sk o op m@-
%%Wﬁﬁoi&ﬁ.ﬁié@ﬁ%ﬁﬁ%ﬁR&ﬂ B e FEFR
(Reduce) m R » * g w2 AP r FHE T B2 1 p BT R - B 5 A Fhp g ¥
(Reuse) B » * rdp@a P R A Feni@ * R > X 0P F U AR RARBEE LY @ o

v
<k
‘-\w ldm =

Bois 5 B ehE Ak (Recycle) R R > b g B < VR B PO R BERY 0 2 T AR
#g%{%‘;glbﬁﬁiﬁ_ﬁ? [% o Fekatd g9 F ¥ gyﬂflj%?ﬁiﬁ@iﬁnﬁyg—yﬁﬂz ¥R A
TR AAT AL PR GFERAS- G o

SATO PR ARG RBREAF LA RS ART R > SAREE RS VR 2
A b R AT g R R 2 @?Y?ﬁﬁﬁﬁﬁi’k%&ﬁ?%%ﬁ

FTEERFOTIRC B2 FERA AR FORE o R F X E e % 2L
BRI d R A TR R A Sehd g

Y& pEReFaE
mm3ﬁ%¢%k$%%iﬁHWHNmW%®M’*ﬁ€%Ui%§’

/\

ik
TS RILARE o AL g SR B R ?ﬂi&ﬁﬁ v SR B E
IR 1B FAERE o T HEE AR 2 g&M&ﬁmgmi%&?é£%E°%%
a;{g%‘g%").@r@m&a\é%ﬂ I R IE R éF’ CH PR F R IRE IR T

14



%ﬁ"ﬁﬁN%%A#ﬂ? LEF PP IZ M B B9 SRR FE
% A

EFFERIF B G AR R R TR FTRE RS H £
e L_f. MR I EEE
Fobr SRS HEEREFTERNEE B 230
I%bﬁiﬁ?/ BMERIHE GRG L %T&giE’@ﬁ%riﬁﬁﬁJg

LA BRR - BN E R e
VRALE BRI Ak o K LA

¥ I3
ME O E R SRR RS RS
F1EEL Lo
PR ke L A ﬂ%+mm£w$ FALg

(DA ch2 P in o AR 1 27 o dad = ¢
(m%<mﬁg:s#ﬁ % 3 lir%‘ﬁﬁ&ﬁi°
Q)L g iz 1 ¢ FERE S FURF F R frig 2 b SR %
(@ﬁ&gﬁﬁmﬁﬂ %xﬁigéﬁi%‘ﬁ%&ﬁﬁmg°

=

P

3RCMIE TEE A N

&g eh s 4 »hﬂ__q__ﬁjrg 5

égg"‘mfgé\'xlj -T-'E,' l/ib%‘afj-]a
48 FARF Y ARFRILEMETELL S %ﬁﬁ?%ﬁa;@ﬁ%ﬁq“

TR ER S TR E EE A #&f%ﬁ??mﬂ%% A S T

&ﬁ”i/rw’?m’a F_,,\ﬁg-m 4:4;?};—'

SO g R e R H R R EE L FALR RS R

i 2 AL% v H ¥ & % /L}A%q* m’«l—\ZOOI
#&éfﬁ% oo R E A€ ok B DR
% 1@ 2

/

\*

ey

&
TR 18 H Fhend BET » RS A FB2 WAL E o F 2N g D FHA kY
CE - FERREEREFETLEINRIIER2FF M S AR 2AREL; AT 2R
TS IR PE > 2 R L ETRE ZAE N Ao
¥ F BRI
BAR &Y ARBNRRTEAA #mﬁ@:

TR P T RS ALY 0T Lg@ﬁoyfd¢*@ﬁﬁm@ﬁ,
Ak i hE RS T PHET L ﬁﬁ#i?ﬁﬁ%mb@@w’fbiiaﬂgy
P TR E A RN RE Y TR SRR o AP g AP L TP ET R AT

N

g ags s Ak Bk o
EHE SR EA Y P A

GHET - Ba R EUAE HREISAERCERY A RAEE R kAN
FRR BB EM AP B o M ESERER Y ER N E AR R TR ED
BRURERAPHEEDER AT > G2 ARNSHY TE -~ T RF LRI v ik
NS EQRREREE > Ry R ERBBELTE LD RN R A

”ﬂﬁiw’ﬁ%m%ﬁﬁ?%ﬁﬁgﬁﬁiﬁ%ﬁmﬁ"ﬁﬁﬁﬁﬁﬁﬁéﬁﬁ
R L ITEE 25 s e EAR B B ro TR0 e 4 ok R SR 6 5391
@*’ﬁ¢JMOﬂﬂ%%@%@ﬁ? DV AREE R XTES 17 L TN RV EERD D
5672 5§+ o

15



CERMBIERESE T K F 2003 T 2008 E L Fe 2 A E AR
@US%%*ﬁﬁﬁﬁazﬁ@iﬁﬁiéiﬁ1M4@Wéé§’%%w%ﬂ%4%ﬁ%
NORHEETER NBE TR R PABES EZE RN RIES RS 0
BEAFHAE T BT TN R AR R AR o T AN A KB ER F R B
FAPFRBOTRET TR TR AGAFEDLERA S Wk TFEILFAA G AR
Km i f”f%*"/i F AR RPN 0 B R e B AN EH B A F 3 I AP M R E K

FOLEAE ERAKE R T PR V- BREETIR RIS AR IR R s i
oo g #wﬁﬁféﬁﬁAﬁﬁQWﬁ$o

- é# #

g - ho TOTESR K198 ER: TRASELRE €, BlttmE &

%ﬁ%@’ﬂﬁiﬂ%%uﬁwé%%ﬁﬁﬁﬁﬁﬁﬁ@*%ﬁ’E%{ﬁﬁ%%%*E
'L)’VL'}’m—ﬁ}in’é’F’ » Fl G s AiEAAAE T ﬁgu@-gzﬂ%—"" ‘;’1/’%7%1\7\134 ) BN A - T

}—3—7:‘}:%@'3:%\'/& F' /}El\g—'if&ga ﬁig ﬁg_;? K‘E ?\fk\%ﬂ‘ ’ ';:]I'L ’ ) \‘—'i‘ La'i I]9 ’ ‘li\i"l?'ﬁﬁ
%%ﬁ@%ﬂﬁ}%WQJiﬁ%*&*#—ﬁwﬁﬁﬁPmﬁ% 2011 #i2— #H 2= i

BBEREAREFENF PAF) o FE L EMEEL R R 2 AR T E ek
R AR - ALY LR SRE (T E R 4pih B 1979 # R & i R TR R T
NeEfe b R AERHETIOF Y 12 Ee SAEED S6T2 S o

PAhehhed &R AR S EE R RO g2 - o d RN AL 2 R
AR A2 I FERE R AT E N S AT R RER 0 Aok AR
R A At £ ARG SR ST BA o TRt 0 47 R HR P F TR A
ﬂﬁ’ﬂ%m&w@ F- AR EAERS TR P LI s A

%$£@%im4n@vi@ﬁ%ﬁé&&®’Ewm&wa%éww?ukﬂ

6%’%?4.& ETES P AR LK SRAAT T R A D o ¥ e B 2010 E
i g F IR a9,¢y&%ﬁ ~@%%M@$$“30ywél%3m’@ﬁxﬁ
@ﬁ%&i@w—&ii%éB%’nﬁ?;é%ﬁﬁ%ﬂ°

B2 o hEBRBEEREFFES T ﬁ%“«#’f#

I'L

T3E & 45(2011) © 15 B AR R E I o ABB ¢ B E 2 fe5m 0 2011(2) ©
EAEAR(2008) o ¢ 4 o P A A A2 B IE (EE 0 R RS )%_5‘1?* HILe B 0 ¢ PAk > 2008 & 9 7 o

¢ RAAE S 7 (2010) ¢ RS P A g EAEEE 2010 & o F D 0 ¢ R P .
16



ETEER
BlEFEZER(2A)

5 59 W R
HE R IR I M O 2
I I i |
geEMHR | | BREEKRER HE T 5% 40 B 3
EHERSES| | REESSR | | HELIER AER

Note From “2010 * 4% & ¥4+ € F# T4 L L7 by ¥ 4 2 &

P iSRS PR R R e s R TR i R R 0 R
g;g;;; P2 B RS R DR 3L I RO RAR B 3T P "&‘%’ e RBEMMEHAER R WM
Pife T4 2 OECD skt & W%@%ﬁ i?$$’ﬁd£# FORp gt 4p 3 A XS
ﬂﬁ%%ﬁm c A Y ‘%5% FAnEa T

SR RERB I AR TES

LR 67 & P é}%%’ﬁaﬁ%ﬂéﬁﬁb JRA% o 5 TR E RN A R R o e R e
AR 6 FREFRP SRR R ER S RE R LT RRF RGN LR
g TP RPN REEPR AL ETHRITRIRET F 0 D REL NG A
Fr el RS T RP ERFENE FBRLRAEEIR R EEREF -

efr,%&-:& A RBRBARE o MR R AR SRR EE BB SR ARLR
0BT R R AR 2005 EERTRIRE IR L S X 2 A kb A G- ¥4 2011
E30 - KA N RERE T AR *’Bmmpmmwiﬁ*ﬁ 558 KR A R
BRAIE > ARl- chERFEFETER 2w Ba L g B EH()SE S HE 2 MR R (2)F
ﬁ%ﬁ5&%§ﬂ~mﬁ$%%1%iﬁ1@&5%i%ii%@%ﬁgﬁgo

ERN-I P

ZPRP W ACRMIEGIE R AR R Y R RORFAPEOTE N B “”%”f"” =
Mo e pa Y R EPN TG INGRES IR S T RBE AR FE RN R
ﬂ?ﬂt%%ggﬁﬁssm@ﬁgﬁozwuovwiom%"@ﬁ&%@ﬁqsﬂW§wg,
= ?L?”ﬁﬂ FE <> AR B4k 22 ik T RAREE & AR > AT AR AR B A R
TR E R ITHRHARIE o d VR R R kg a2 R E R AR A B
T5% > prdemt G BB E PP A B4 o T o P AR D AV R EH B TR R R
A RN T T B A B R S R R B MR R P o

BOORERRMRART RHY E SR RRARBFRAG RS T BARE - kA
E#ﬁ'#ﬁ%a B O A REBARAEELE A ER R A NIRRT RN R B
2L MA A FF o

T~ HRBARE & KR

17



BFRARE LT A A AR EXA FAL R ARE AW P NI E AR
BEA > P AR O T I B A BN R AR et R 3 AT engE e s I §Ris 1
wr#m\w¢w?ﬁ@%%wﬁ’mﬁéﬁﬁaﬁ%f*‘ﬁﬂﬁﬂﬂ%“iﬁ*
FoORREPNV AT DARHBE ZFF FRLAREY PRELBEI I RE Y A
$$ﬂﬂ%ﬂﬁw1%&w%ﬂ FACDEAL RAFALT FORE T RS e B d W
REd B ERFT » 30 LESAEHRE G RiFOp o AR FETRLLMET 7
AR R REE BT ADER R B e 2 P TR S (R 3) 99
£FRV ﬁiﬁ{gd oLt Mz T A I3 E23 R/~ T RELRESE K BB
FERY w0 A S ‘%‘ig\ﬁxg-@-\#% °

T

L
=

%%ﬁ

B3 P midihEL ey

T g
w0
=

5l

PR A AR R E (R4 PR 2020 & 2w E H ke A R
3197 R B R 2010 & eh23 MR - A S 15% 0 B A5 LA

» o R EE“?3"iﬁ’ﬁﬁﬁ%*i’@wﬁmﬁwﬁm@wwfﬁ

%*NUﬁW%*ﬁﬁ“’@ﬂﬂ%%ﬁ &AM Y o b R AT B I R R

L e B 1® effrs;ﬁk,;;,ge\%ﬁ)i o

B4 P man2iziHRALIRER

18



mcaxe ;”mﬁ ﬂ

2.40

2.30

2.20

2 10 (4EmnE - muEtl)

2,00

90
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Note From “2010 ¥ 4% & ¥4+ € F# E4F L L7 by ¥ 4 2 &

ERRIPA U S A

1L E-HHED «L(}@I%%*inlo‘; & % 5««%5. £ 130 2k Ald 4 1
PenidEd AT R4 kA ARRd A ﬁiﬂE&J%in“géﬁéﬂ%%iﬁ%j
AAEBRGET2Z T AFAR > AFETRHREY BB HS0RATE A D 0
L R S R AFFEF X ?ﬁf’%ﬁ[né s Hov Rlgg e %,\"J %’fﬁt’r_,iﬁ’glﬁ"‘s e
B 5 BB it P9 S s g TRy CH T Hb R F AR LRy
BFARBTREES SRR RRTLERERF B RF RS BB ARL Yy

s BB A ke sk F Lt x A /A o

-_—

i
Ty
-

“3

F-2a iR ®4 Iy nAFETRA I ERBARR Y x> 0P ApiEL P
BB BN REE 0 [ F o BB R RF LA BRSETREN
g AAEIT N5 F 2§ 7%&';‘1%1%%:} X D Hde 98 & = ¢ b X R ;Zﬁi%]
FETEOEF EREEIE ) PFI1209 2 F o %;iﬁg:g,%,;lmﬁjggﬁj R
bR FEBr s TEAd M BT RBFUEFEEST RN Y & i RRFIEHKT
BROLANRFWL- 0 WIS B 7'; e éﬁ;;,ﬁ\gﬂ*\mﬁkgp CREFEL S T
o ARFLEMA AR S > GEARFTBr AR B> £ 0 HEAF T R
/I\};}f‘bo

s

o8 ¢ ETR
i iR g ehge R B AT 2t ﬁ%‘iﬁﬂ"‘"’@'«‘i—M*—“’ﬂ“’%%ﬁti}ﬁ%i&iﬁﬂﬂ“%{??fj&
Fis 0 BB 3 AR i Ft At B IR Y o 5 PPNy AR L he XA
ARTIESFAR AL E T EFT G, 2 0T E R B M T R R
*~

e ko K LR R AP DA E RIS o BT e g YR
R T E I ko

\#ﬂ; F

0% 4819 (2008) o ¢ 4w R E TLE E NGRS o ATH P 1 1 L FRRR] B il R R PFY 4T o
19



PERRS N LRV RY T A A AL B R ST GF Lo B
Fj b s BaF N E G2 AERE c REP AP FTRARAF L2 P E
BohgE MY p Ly o BB AL E Y 27 BRI

Ra v BT EITE TR m*"*,%glj"_{a‘% ] * 2 838 ¥ (Cloud Computing) 3£
e o4& S8R p]  (Sensor) ¥4 E { thF ;i&%ﬁﬁ#*ﬁfgﬂﬂ?ﬁ’lﬁﬁ‘iﬁv%ﬁ’
g o X %ﬁzﬁuu;r?x%’*ﬁxiﬁaﬂn'g +

LN A e s s RN

B
?ﬁ%‘*ﬁﬁmﬁN? %ﬁﬁ%’¢ﬁ»wﬁ%£%&A+%ﬁ@*%En$ﬁ$§
B ABATCEKCEP CBRATH BRI IAFL) 27 THREFRIE A
FRBR(TREE S R R AR PR R 2 R TR R

ffbfwﬂ%rﬁiﬁz\»)ﬁ i ’“fff&f“’ £ ﬁz:pr;ﬁ»% T PR ELEE ﬁwttembistzm;ﬁ’#j{
AR AT S F IR G RREERR B L RS PR AR EE TR
ExRFES Ao
iEN 547 & & it $RhE ~ 8 0 @3 ) ,?f.;“ﬁct P2 N AAERILE N A kel 5 A
EEAREEAFPIANZ LA KREPREFRLEEY ’F‘:I"' BAHLE X
FIPRFE - iEN FERBIRIF A AFT U L BE AP 3P fRh@ri A f LB L2880
s

Rt R LI ‘*&ﬁﬁ ~ R %Tiﬁ‘)‘ AR FAE AWM EL AT RERLE L
<“"F%I% XELNEBERE P ESenson) KEF*HB Y 28R ~BRR - F B AW
& g %ﬁ-d R B 2B (Sensor)fT & 7 %?,{i%ﬁ?iﬁ'f—?iﬁb‘?:# i Bchy 0 BT MR B
NﬁNﬁ& LT A ERA R AT R EFRAEF IR R A

{ Lond o B F LK R 76 EN A E
IR IRV HR A e T e
g o Flet o iEN A E & 5 PRI 7 4% ik~ A
Byt ey fditedp s o
PET R HIENFESE f Y S B RATH ERN P BT B Ak R
* 40 f[#PRﬁ»éi%*ft%‘@]* Fooc B nAREF I RTE ) EiF P E N 1EN73»"
Eoa ke d i Feod ¥ g E‘J?%MR%%” B TR e R B
R FIE B EE RGN FIAPRIE F T ¢ AR RTIRBEANLEY A
ék%*ﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁwﬁmﬁo
P EER
o8 BR b
AT A L 4}1 3 #E»‘%‘ﬁaéﬁig ﬂlﬁuEl’ ff”ijﬂ‘ 5o e E_d A /E‘Ufﬂ,d WA E G j\ﬂ»\%
ORI RER 0 U R DI > B2 650 § RS ERATER ML E L iﬂ“ﬁ % T
o AR 34 @A B (DFL) > #-%% mar B B i E R 1.9%2 7 L feiri8 > @ B0 BB AT iE e
5 0.9%2 F A FerriE o T ok 2 %4 fadld B g (1997)77 5 & R fte 13 iz o
Btk > o2 FA T RATEF FA o BMATEF R AR AN 1.24%
Z_AERE 0 b BAFE R p G F kB S A BB b'“r'ig"{ﬁ Pl F 0.78 2 48 Bk o Poterba(1989) %t
EFRAIT2 - [p A GE N A 100 2 ~2 B AT R 2 9T 10% 0 @ BB T
ErE K 1.5%; B0 Red D3R E 0 BT RAgE b H 0 Raed 1 37% 2 M f o @ e

LI
FRz&.&}%ﬂv?‘ﬁiﬁ,ﬁ«ﬁgPEﬁ;ﬁgg L g 3K Y o
"LE"U"L?\\:ILNBR Q:FE& ﬁ ;ft
At

fﬁt
e
ZHRN R F o S A AR RHE

~

)



B R RAR] S 23% < 1R 6T 5 R AR ST @ SR RO~ 64 A
R FRLDI " Jl¢$ﬁﬁ%ﬁﬁk%@z$ﬁuﬁgﬁm1ﬂ Bk g AT o

TR e 4 S BR GEB L ] RO R U
AR EAE oo *“é‘édﬁl?ﬁ%ﬁ EHIT N R ﬂ—\ﬁ’&,—»}%—t o R AIMANRTE A

FhIFH AN BF W Endd o ok A R DL K R /)Eufm*ﬁ c B Ve
%’&?WF§HW131fﬁﬁéﬁi%%g’fw%i REFL A A E L R R R
B B

=N
g1

LRI kAL G F R s e R AR Lol F LR R R A LR A 3R
%QF}2%&LNU&WWD2\ﬁI$F'4%J%WE/ﬂ%oﬁwmm&
ﬁ@ﬂﬁiﬁ ﬁﬁ/lmwww”%éﬂlwoﬁ PR TG A E RS 40%h P
ot PP R R R R R AR RS OB ks AR B FI R IRIEE
+ 4 (combined heat power) P ot T B hE T xFH®/ B T 90% I35 A 2020
TE2EB2ETE HRBIRNAATEZ 5% B pnaglo ¥ £8
K2 e ﬁ%u@ F A A m i R Rk B PR 2020 £ 38% 20%2 i R
Foo e Hei SR D B R E X 1000 R b RIS R o
o8 FPREHF
&wﬂwﬁauﬁﬁﬂ%ﬁﬁiﬁ’%ﬁ;&@ Bl Flt ke FEE 0 F oA B
g i H 2xF o dek FEATRTFIC TG BEF SHEEZ SR 2 o T2 0 ok
‘BRI RERE SATEERE '/E‘piﬁ'ﬂﬂg-n&ip‘.ﬁfr_—‘ l?"'ﬂ“’ﬁi}ﬁ-;’}_.‘i;‘giﬁ
BEAmAEFREIRTRZT o - 3 5 f ﬁﬁi%m,}ﬁ@# R B A
ST ARFRP AL LRSI RIS T T BRI MIEA L AGHRS A &4
WA REH NA B PRI RARERMAIFIRREE Y 0 20 ELR AR E TR
HAFE B D REE > R S - IR AR B 0 P oh
LEREPN & 474**@%lﬁﬂtﬁé**Lﬁﬂﬂ%&%ﬁ%ﬁﬁ%iﬂﬁi%
g’%” iwaﬁw“@i. LB A AN R e 6 SRk S PR e
SREaE LY oA R RRGAIRTL R A TARLTIRL NIRRT S

ﬂ%%ﬁ’iﬁﬁﬂkéwmp%km@q’wuéﬁé&ﬁé%&ﬁﬁﬁaﬁﬁa@@
ROPRAR R R SR R AR FURBEREA ST R A 5
B2 REMTR T £ F o ok o BN E RSO E O BT RS R R 4 TR
o TR BFEVCRER RN BE SRR MBS R R R A RRE o 3k
ﬁ]ﬁ° EEF BRI R TR ROBE o
Lis &% ~ 2 2 & gl

R - B R TR RERLL D R A P YR T ERE
HEpens B g fEs ¢RF > L2 %0 aF paw FRZZSFEr27, 8
AR Z R T ey §F 2 Rt E ez *f# pLR-1E 1R R e - '}‘b??ﬁ;/w\l't‘ 2
PR RS GAcRREIT TR a4 B2 L2 R A X ARMAAZ FE
@%rm%iﬂﬁﬁwﬁ%’3ﬁa$%&-*ﬁ%%#¢i;@%£’ﬁawm
ESLIE BT AR AR AR P R R RRNEREY A o F

o E (-,-\}
m\ah.

\;',\\

gt
LI
N

3
5
I

2
NES

N

“

- t\ﬁw 35\3 s %nl'

g

21



BURREE X ZASETA T AR BERVAFIRIFERS RNAB Y X E RN
FATEY W FP A F T e

S A fa i

s>
- 4
s Rt CT
7% 53%
e GIG L4 L L
1 7% W 5% ~ %
mhs LR
Iy L o fh 2
KA T L] WK ARER MRS R /TRME
LLg 4 & Uil T %l fa i a5

BRI R G SRR (2005 4E)

Note From “ & 7 /2(2005) by ' % 4% A 15 ¢

FORPFE - #3 B ~ i R R a2 o sz B A Y R L I A PR R
LA R R EIE R R AT AL I AT R R A RS ORAL Y s
2 BRI AARITD U RE B oA S B BRAR G AV 20T A ST R E TR
B AR S 4 ﬁimﬁwmmiiﬁ’mﬁﬁkkﬁ%%%@%@ﬂiﬂéﬁ

F kg R p%/{yim ] 7fR4 ’ .,__ 5 Qi@] M#Hfi{"’ i R ﬁmﬁ[{'{(ﬂw" }i Fg ’ fj')f'? N ﬁ—Ta v JTIKT?}EKE?'\
g EARG N Wﬁiﬁiﬁﬁﬁﬁﬁ%o

m&%«ﬁ@;éz@+’aﬁréﬁfmﬁﬁﬁﬁéﬂ’w$¢§J”K'@”“P
PR > FE AR EEFIRESE TS ER A ERER R R R A BT R
FABUECASHEDLE R T RS ARG EAT AKDEL R
SR Hﬁw%~§4m¢ﬁ@4#%’+xﬁﬁw*’+“§1%ﬁﬁ?*w$%ﬂ’
AR AR G R ko B EUS R R kR EHEASTR
SRUTOEE & LS/ S (R REY & A @i@@ﬁél#*iﬁﬁﬁﬁ%Uiﬁo

BRMEE R ERE S e o BEARAMEEE AR RFRG ¥W&’ﬂﬁ%ﬁﬁ£ﬁw

Sk

TEIRL (2009) o wRARTAEL A TR K OB E R A FERE N R E -5 A MBS EFE
4 i"sf_/ulﬂ i Pm o

PEET A X Ek B2 (2010) 0 A chT R A o ALRAFE 02010 22 0 0 F 140
22



CER AR Gy FARR o B AR BER A F e a PR 2R TL G R
A BRADCFL AT BROERET L RGO S A ek g B
B TEL B RIB RN D F R 3R LD § RPRA S Bl S s
BE o g S fir R GBA ST A ERE L X2 TR A ER
SEAE R ﬁJ:&;E{ﬁéﬁ?Z AR E - FRBRT Y FERE BB R T

£ F oot B v i U B e B AR L A & 1500C 1 hF R A A
i A EREE- B F s AR RA O VR ARBFHEY BB L P

Fe,0; ~Fey0, % FeO 2 iR = 5 464 Feo 4o * M7 ERETRF CRAEF
IS S URIE R TR E S T G EAE 2 T
3Fe,0,+C ™» 2Fe30, +CO
6Fe,0, +C ™p 4Fe30, +CO,
Fe,0, +C ™» 3Fe0+CO

2Fe,0, +C ™P 6FeO+CO,

2FeO+Cb ™ 2FeO + Co,
FeO+C ™ Fe+ CO
Fey0, +4C ™ 3Fe+4CO

Fea0, +2C ™ 3Fc+2CO,

IE B SRR i 8 5 et C+ 0, ™ CO, +94.3keal #it > P hEH LAY

BAeF i R HAETF T KEAL AT F R S FERT R WAL GF
Co

@iz%i%%im@,mﬁ%ﬁﬁwjﬁﬁﬁgﬁa,%%%qﬁﬁag Q1

TR A RAR A o

\.

Fz g R
d N A RF MR R B TE MR I RF EH T RS T B
%41@’Ww’ﬂ%ﬁﬁﬁ%m&ﬁmﬁfbLéiﬁ?#iﬂﬁﬂﬁﬁiﬁiﬁwg
YA A COETRAI? PB4 itk > RATE ARG FEA TS F RS
EFEz i Bk oo P AT T A s etpr g 11 A FRriadapdEEoa
FTRFREF ~B%F ~ RS2 Mpryiln $5 0 B0 Uil 0 B4R L H6 - #T 2 #8 =

PRFGLQ004) 5045 o A B o AR DL AT EADRAL ¢
23



Fdhlp » WETT 24 GARIFEY A % SV E R KA L TR Rk &
2
TS Y RS T R R AR R AR KRR N T T 2

1. % 38 i B
BB AR R

2.5 R TR
e REV LIES > ;

&Wﬁﬁ&iﬂ;%&u@ﬁJ%’?U%ﬁﬂﬁ%ﬁ—%&ﬁ§ﬁ@@pi&l%
FlRst 2 E2 4 b 0% D0 P ERRENERE® 0758 JRE] i
SRR PHE RN g EAL B o

4K 3 ARBIN ARG W v T L R FRE PR E F
MR AR F AT R BRRF A PR I RPF AT EERRANE T
RN IRt

ST A I EFHDRPF S FREFTE FALF NI HEE ERERRET
Fefler s B EAREF ENEF SO HA G ENLENTAE FE FATREER

R e

"W

":—%‘— qu\r@\sb/);i‘l? ’}'Ev:;(\ » LA ]5;] ',;‘!‘-__ti ,;"‘. ,?fuﬁ?.gﬁ_ﬁﬁﬁf#_’ ¥ ol
e AR B REZ ST o
?%ﬁﬁﬁfﬁuiﬁéﬁfﬁ¢ié%%%%éiﬁ%#ﬁiﬂé
H 1 E ¥

e T‘ﬁi‘ ?‘

Y

o

3
it
g**yﬁwwk%Fﬁﬁﬁgkwch@ s A GERPN B RE Y &
ER o K2 LR EY E
LA ki Rfadl 2§ Lo Fdp Bfgld 35 53k &0 2% PR - K
Bood SARILF L L P B RAAR M D 0 KU B S ISR R R ¢ o e
BTN R ERAYE o
DAL A A G ARG LehA A EBPT R R AR
FEo ez § RS A Wi%ﬁo“ﬁb #%{f&%iﬁ%ﬁﬁﬁﬁﬁb

W’%&ﬁﬁuﬂ»?/*@%#&’wﬁ ZXERAPF T IR B OEIALRIT
b e Bl o

34 iR LR S ﬁﬁlﬂ AL AT Rt - BRTiE P W AR BT
o RRFIE R AR ARR L T A %ﬁg ff“li‘?lﬂfﬁ;; - BETE s o IR
5o g AR DRAIN LB L D) &*ﬂi’ R S Ak

4y BRI AT G - R b ﬁa;ﬁ9 «éﬁﬁa@ﬁ*iéﬁﬂ*
ﬁthW¢mghM’u5w%<W g FHE LT ﬂﬁﬁ%ﬁi?i%{%“%
=8 jkp\ FRAL > Fpt RH gz w AL € ] Al RRA R o
fwm %%Wﬁiﬂﬂimw % 0 H BRI R T LA R FE I
BV RIS EASL e Ra i R akicitE A :r-a»”'g?&‘ 0 B A G R
¥ fé_#m« 1 EINP cHRFRSFE RN ERFEERR FEINAETLL 5 R HS
FETE -

24



6.7 % 5Bt > 1 IO EH T LB R ORGS0 o Ao £ 5
ERIA P2 BESRTERP T 58 R ﬁiJ’%W&{§%%i§¢mﬁ
FRhig ¥ LS ﬁ,;}iwﬁ%,é o Tt 2N B At A /}J?lfﬂaf pERL- & R ﬂipa% SR ‘7?“

oA TVELOY R FR G - LR ERT -
TR & LR S d BRE D FR L R EEHE SPER R
B 2EW AR N —kﬁlﬁgzz s F ;gg—été_ﬁg‘éi\;g\u ‘
E SN J}*miiﬁ]ﬁﬂ T Lt,fg_%ey£~ :
o8 ARE
=F

BRPN ORI R AR L T FRF S E AR p S %iﬁ‘fﬁ’f’@’*
s e Hd p e o g %f‘r Jf'l ’;’3‘%41‘” PTG R R RE LR

e
=

%%@ﬁ%iTWﬁ% Nk B A A K 3

& T MR IR 48> U2 é*ﬁﬂ?\ﬁm?ﬁ

%
Pos o fRd o e hfide g § 2 Brehd £ o %““'V»‘)T-‘L—«‘LEE BT ERA DA EAR

A

Iy

]
e Foae =& & 1B & E ¥ Nb/ﬁl’ﬁi‘”méﬁ

=
=

FIP o ST E L R AR A R RERE R EE I A 0 P Pk}
T FRF R RR G TRBAREL ) MR I EFAR AL E PR
A L 3R h i 4 B d PR A T B LR PRH B LR SR LR
FeRP e R o FPL AT T A I EFIREL S AH FEHARDEIEFHTNR
Pl s STT AR IT ehz A vk A
Ld 5 AR B ALY R SR AE T R R L R L S R
%,wwmmxu@FW@*?%%@ﬂé%#igaag##ﬁ°ﬂ@iﬁﬁﬁ*?
PEARHMNELETHEE > KL BEGERP S URE RS B RRARZ 2T o
sl

ﬂ%@L
'
H

o

<
=
“J
’;;.
=
S
o]
O
X
?
&
)
\
tai M
?*-
)f
3
%
S
O
hn
i
Sy
~=h
N
-
\a\
e
=K
X
?
i
%
‘-‘r\4= 4«»
3\

ZE?'H’:;'E‘IQ %%&o

RORABCI T Y ok | f HAE N RS A 0 HAE R R bl et
FIRER2T o 5P DHMEFILE S VAP E AL AR OEHEAE > ka4
%ﬁ@%ﬁi%o;wuymf’?%dwﬂ?%ﬁ%ﬂ%%ﬂ@%ﬁﬁw%&ﬂuﬁ’iFw
FlE ARG E AR D] 0 S FEARRE S TR ST HE G - TARR R o
%@4&fﬁ£fﬂﬁ$’4m@?iﬁﬁ”m”W%Q’%@i'
AAEFERER B E L1 L FAFERE TR A Y R AL E X e
TS SR e ﬁﬁlﬁimﬁl,ﬁ VRSP ET RSB EOE ST EP s AR AR EEE
By i RBERGEL R € —f,:e..?w IR B I E ERYES AR AL AR

' F_*

N

LY BV BEBMANRABRBREIBSRFL S > F LA E R TRFEN PR RERESL
Hi&ﬁ%ﬁﬁﬂﬁé’#ﬁiéﬁﬂﬁ%i%*?§W1ﬁmﬁﬁﬁ¢’Uﬁgﬁi%
A kphetfadeaa I 0T A Rdek i R F R e A I v Wk EF e R

RN R g R P EER L B hEAR
25



By R%EY L BREMERANED LA KL SRR G N RS A Lk
%aﬁﬁ%ﬁ’wﬁﬁé&@%ﬂ~u%¢sim’%ié*liiﬁwiﬁ@@“%ﬁ
ﬁﬁ?4; ﬁ%+@ww;??3@’%z%d&ﬁﬁﬁiﬁmzﬁ‘%%aﬁﬁ’

BB AR o AR R T R R BT AR L R Y
mﬁg f&mﬁ&’ﬁﬂw%ﬁfTEOWMIﬁﬁﬁﬂﬁ%ﬁ4@%
SR RHCEA £ R b Y RF RN R E R A R
ﬁﬁ %wﬁiafﬁwLM@&wI‘ﬁJ?’ﬁﬁuﬁﬁﬁﬁﬁﬁﬁﬁgﬁE%E?
B o

BE ok g O BT S T At B S e ThE K o “!r‘ ~ L P EE e R
ﬁ%@zﬂ’%%;&%%Q%%’%w%mﬂﬁﬁﬁﬁﬁ%%%EWfﬁitmﬂgﬁ
E 0 I8 d T LA AT

Ho o - PSSR » BRTLERRA > v Ep RIZR2T &2 EH T
B’mﬁﬂr@iﬂ¢ZW@%@ $@mmwﬁﬁg EARGEEE T BB

FRRZE A mEERRT RS S Ay - SEEAE o S S S
ﬁﬂﬁﬁﬁ%#ﬁ@@%ﬁi%ﬁh’ﬁﬁ—»ﬂ@ﬁ T 3% 5 1 ARk Keg TRin i o ¢ 4 F]t
BigiagdRBpEtamid » v AcH v R 34 AR ¥ ¢ H& g HnFlEgd
k-SRI A “,% TEEBEMNE a FNR R EMREIEH U RE R RE B R EEZ L R
BHE - R RIGA N LS ERI AL R AE R 0 AR ERED D) AR

CREE AR R G mr T R R H O R e A e

ﬂ:’ﬁﬁﬁ%&$ﬁ#ﬁ{ﬁ?ﬁ§ﬁ&i’%%ﬂjiéﬁﬁ’$@&€ﬁ§
Toid 1 ¥ % end JE %9 BEARY Gy SRR FRE v A TR R RIS R R
MBPERORL 2R E L RS T R PERE B P R D
ﬁﬁaﬁ*’ﬂﬂ’&%M@a;@ﬁb&%ﬁmy%*ﬁﬁTﬁ—%%ﬂ’i%ﬁﬁl
FREAFTHALHRRY ML L MFRAL DBERE RGBSR NRERT BT
IR - TR R O TR B i F—v*JE%%*P“ﬁﬁﬁMﬂﬁﬁﬁﬁﬁﬂ#’
AR RDR A REPRIEDD N AL ED EF I T F S R BITR R
BRIt g R4 o

Bz 23f e MR R RREHE R ¢ R AR G hT o FE N i
ARBHERINELKE PR PR AS MGG I AT F o ok T F R
FooRikdr B AT KRR E S > FP ;_/Eh'f\ﬁf Za g o T £ RN 0 b4 4 2011 &
ﬁﬁﬁaﬁﬁﬁﬁ¢i¢@méimw$ﬁmm%’mmmﬁ%wﬁs%’W@ﬁaéﬂ
WRRRRAE L F o Ak LT A A RRP AR R AT R
EHRB A pHETS IR BT BIRF E RA DY OTE 0 ALY B E N h ARER
PR AP rFFBAFAFNI T FH R M FaFORTERLEZ S0 K
Bo@RRd RIFAEFT RO SH AT E v g Ir np g -

He s Vg EFd 5 BRGBNERRS FE v LA Lh P EURRE 0 0%k
AR TR RPILE A EE L RPN HBEH PR LSRR B e ald
B i > Ba sy SRR R Y T EAKRL > bldodsE R VT S A4
M2 P 38 A IR Y RmAL EHRF SRS F o Ft o p a4

26



LY BASHAFEE Y D BRI R B AR f&@ag,ﬁa,¢uw
éjh% %A BT dpik o BIFR 0 BB & R AN P AR IR R o gt
b PERE AR - A B AR iﬁﬁﬁﬁimﬁﬁﬂm”*ﬁmfiﬁ
BEY THERF PP Y A EL TV G (S EER O PR R
{7 7] o
%ﬁ?i EmO R EETE > FEI LR P REOLAIKER > @ 28R
IENENN RN R EATUEF P T TES P R o § R
’ﬁii@ﬁii*ﬁ%% P A 2 RRB IR T IPES RN R
KM FRTL R ARINDET LERRE ) EETNAFET JIE o 119 4
o

S

(\x,

O *ﬂj«i ©

s~

E'

4\_‘\
A

PPN F OB R TR R E L R L b R R 2 AR R R AR
AT "ﬁmﬁA%pﬁuﬁ‘% P St B £ R EW

2T e BB % rf’:%”T;T F12 B 5 pAEA ﬁj%?%‘%

—qﬂ;ﬁ 4 j@\a&
W % B |

27



F3E 2 3 R S B R I 2

~ W EET R

o ¥ rIpe i bkisr. ERBRA T SRR e F 2k ZKL‘FT—*—' e e — g A A

fu

R Pl R L RSORETE kS A RATF E SR RPRE A SR EF M
?“ﬁﬂ@@*ﬁﬁmogiF’ﬁﬁwwﬁﬁgﬁkﬁﬂﬁﬁﬁﬁ&?éagﬁﬂé,g

P S (TE A R E)E B & PCOMEEE KR A Y E SRR E R R
FFATEE  Fltra REEZ P ARFTARKLIE ACOF ey 4 AR > 1 §R Y
FizAd 2 PARHECO2RE e £ & » Flm g £ (Carbon Footprint Label # Carbon
Label - CFL) % EF\#%:E%P 1“ (Carbon Disclosure PI‘OJGCt CDP)> # P midac ;B H & = ML F A
BRXIEEY A RS Fe(PRAR) & 2 g EEE T A 2 COE g e 3¢ o

A& mﬁﬁ@%*iv”ﬁ@ﬁ e iﬁC%ﬁﬁaﬁWJ’?zﬁﬁﬂﬂé‘ﬁﬁ‘
ﬁg\@wNwﬁiﬁﬁﬁﬁ4nﬂD¢wrﬂmﬂ He b4 45 Mapant £ 8 T
GRG0 B COy e R enilf 3 B BB 2L 2180 = 32 pl4ei B TPAS2050 1> © %
Wiﬁcmﬁﬁg’m&VW%plmC%ﬁﬁﬁi*kaC%ﬂﬁﬂw BEY -
Wi 2R EFF EL T8 %wﬁ%%’%ﬁmﬁ%%mﬂi¢3%@a B A2 A2 2
R D T AR KRS GRS WU MPREF R R RS
=§%§%m°“wﬁﬁ%¢@2%mgﬁ D s g ¥ E Y EERY A2 2 CO,
P o fEDPRE-FREFNESOFERL S ERLY TERBETREL - F LRF
ﬁémaw[’mwm%%w£MM%%¢mam1ﬁ’wﬂmﬁé1ﬁ% L
LT ELERIEN Sl R %¢§ﬁ4cwﬁﬁ%%%%*@%>*ﬂo

Flpb o AT 2P T L COy g ot > HAEARaRe U2 fgj‘g mfl%]?» kO
B2 FORKET A E O R lbﬁiﬁj-pataﬁﬂﬁ‘ﬁ%éi Ak b ¥ e e L
11£vﬂaﬁﬂﬂlmﬁﬁﬁﬁﬁﬁJéﬂfﬁiwﬂﬁﬁﬁéﬁfpi’ip 2
TR 5 A SRR R s I gt B R S 0 M R R enf
BE* 25 ft foe - Hh2 777 o

SN S

‘JE’_Z‘Zf 05 ¢ #PCO A g2 FRER S > @ A ACOREDRR > 7 xR
R A TR N&&whuaig;r_m,;&w.h,;,%'%gfq;;&wbw#kaimgtggmg,
ganm.m%vm@%.al R RIS T SR
T 1 ErpanenCO2iE 7 B E 70% 11 0 FR A PR E S Pla Ry 1 £330 eh
CO ) 1 R 80%!% o F]pt & B Ik o b o o $ 002 4 7 = £4LH CO2if £ 4
iﬁﬁ’{ﬁ@”i*iﬁ%ﬁﬂ%ﬁ@m,m%%4“°

FENIRAGASEFLES 2R R 227> a7V HRER SR EERRE L TCO T
BARRRR SRR R SR Uk b 82 R
TASEERAL AEE 2 R W S FE HE R D wcEERY o rEA
2.2 F RPN  cHARP I RREF EASe L e hT A SS B
PRk o B R FEMR S IR R RS F CRERE ME & EER
Rphs g 0

e}

\\

A

o

-~

28



B FHARLIARE LR 2R
z %_ﬁ‘—iﬁﬁ#—"f"uﬁﬁti\‘ ’ ? m 2*} BoarR Az CO & P
FHib o LRABETFMHRE SR ¢ F S A ISlEr g A ke pTRrE G E B
BARR DL R T o e B T iR A SRCOPERE AT LR D P B2
= Z
4

R
S
s
C
"
i
Eios
=
|
o™
m
&t
oL
|
(\x
Q
2
e
A\
A
gl
=
wfé‘ﬁ

L el B ) ’$%;“ﬁﬁﬁ%ﬁ’ﬁ%dﬁﬁii%%§4
FEREERENFEE SN AP B R~ 3R A4
5”’5?%*@ﬁ#4ﬂ“¢“vw1 ww’@ aﬁmm%mﬁ%%gﬁ’f
CDPUIEd 253851 4 F 445372003 £ 3 de ok o - H P enT A8 R 422
HALSRE TR ?Wﬁﬁﬂ’i@ﬂ%%%ﬁﬁaﬁmow%m%ﬁ,;&ﬁ
F 15507 B> F R A £ehw B F 582% B 583% 0 &R 5 44% 0 ad R RS
P A od BWCDPH* M ESR & AN R ERIMB N LT F 2% ﬁ%&#}‘f_i)?@%ﬁ{%,,_:*
ek Fem 3 o g FENST SHAITT X apaaed > 5 P AR R T 0 FlCDP
ARBE BT AFEABANALE T IR o FEF G R B 2P iR 0 @
% bb’w\ﬁ?i%g\‘ B EFEFRERY 2R E\‘{*ﬁ ﬂqléi_'rf‘!’é” —gq e I_,ﬁé-}]ﬁ;? % 14 CO, 3
RN T A PHANRFRLNEELT RS R L EEFLLS S RIBE TS
Y FE R R T o fE R T g FIRIE AR AL LY COZ#L—){B[W]

EFELTHUBESTIET ﬁﬂ?fﬁ@{.“!m‘.\ﬁ:fiff; FREARE S A P L0 D F ey
E
S

} ""\*

g

-
o I

1
el

FW%H

-

o FEFMAT 42 COE RS FREFFE > J MHEFRFLRBET X ]
pgﬁmg“—gi;E-:’;}z’.*ﬁ“’ﬂ\lﬂi"é’;ééif%’*{i%ﬁpmgpms‘su@gﬁERp,./;.@ 5
g FIFI RN - ERER fﬁfé_"’ié’%”ﬁfd GEEpehiERel o B g E N E D
A *%@»wﬁCMﬁﬁgﬁw$%% Ao d i BEFE G 28T FERS

chikyy o B2 g g3t e gm%[ﬁ»t —MAEE Y SCOE R > AR R
X F - Rz AR FPL R Rt BB ERTREATL ST U SR EWNE

I I RES%

BT 2P AFETRFEHA 2L LA BAKE - S ALASG 2R T
AR AR G R UFEHE T G2 A BN CO R kA
Tins AR OGN B4R S MAEIRA > U B BA e 222 AT RAH
C%ﬁkﬁ’ﬂ&’yﬁﬁﬁwﬁuAﬁﬁgﬁ,%FWﬁP,3&51@¢ﬂ£%ﬁ
54 0 V- BRGNS mIhG R o N ER LIS T AFTRIE

ETIN

R FRB S A s 2 k3h o U T B P E R AAEFRP o
i“ﬁ&J&W%ﬁﬁﬁzpz
3

ilg A &35 FHA A COE%E »EFF P ik 23 CO, cndiciE »
m?fwﬁggﬁ@é@mzéﬁ’» %ﬂmﬁ*ﬁw;ﬁﬁﬁmZFFhRJ%%ﬁ
o e RETERH I E DA D CO R E o L ERFRL Y- o
Bk PE BRI 0 - A S B R o TR A SRR PR LG A SRR
A 3 N Ear g ek e g s A R T AR AERA HFY 0 ¢ 3

29



i—aa
\_

ﬂlﬁ‘ LR w R AY o AS 2 2§ PRPRE o B4R PR ER
i t—fg s K IETHASE pEFY AL D F L RPN E > B 7 Lﬁﬂiﬂi‘é/ ANV
iw%ﬁﬁﬂm’W“B?épﬁivmr@ﬁ%$&ﬁﬁ\€£m%7—oﬁ%i@@
FAeER C FR AL PR PR E R A S R

P 7 A SRR 2 s 2 N it ISO R 320 13 ﬁﬁﬁ%ﬁ’f#(‘&r SGS ~ BSI)
r‘J'F' AP B2 AR L - Bk a2 Y ?%-o eEas - BA SR E 2 H T

PlEALRF 5 enA 4 BpEf o 2 g Ap R T2 B0 0 Fiaih et f F IR E RS TR
Ao g R LLERIERGREEHP BRI §) o 3V FENEF PN TR kM
FPR L EIARD RPEAPB T o LA PR EPTR A E TS 0 TR AT HE L
Ry R

-

| sk 444:

Ra o MASNEUERFE ) - BAS PRI FRTR kR - i TEET R
FIL AL H T IR b N IR ERER G (PR €3506) c ERP ¢ 737 5 Wid Ap B
?%’%%%*3»‘#+afﬂ. Bl EF N FTVHERP Y G 2 F 0 BB
MR E 2 E o RV E R T L P e p b > ERP ZnAR BEHE L - £ B4
€3RIz AT R OFRT Z RS )P o @ ERP ¥ 0l 5 g & 4;%\#0?’— ;@R

m

EF 23 B8 AP R g 8(F* 2nd a7 i i) Tt deie - B &30
Wik - BEERAL -

F“’ﬁiw%“?**#&fﬁét%ﬁod%é&imaw@%ﬂﬁwazz@?
FL AR 0 TR T A8 S s A R a2 FiRio g e dpa o gt gEet B 2 N ERP
*‘Q“ﬁ*gﬁm°ﬂw’?m$%$$%&1ﬂ£?5ﬁiwﬁ’mvﬁﬂi

G E R 2 AP R 2 AP o d A AR E BT A A e L REE
Zoo F o MENERSEZMEFTHREIANT LT R A 2 F R A g
T BEERT ERP 2 W AN B L A

32 0|+ %FE

el EEL ERP 2B LB SN A 2 ¢ 2 BRI L BB mp F HRE[20]-

01 Sl - PAREERF g B4 5] o F] A0l ¥ B03 355 i1 HALAT LA 5
WA o Rgd B H A @ e TH s Lo B E bR RO
4oBOl # REXL 150 F T BBOIH2 GFH2 L5 2 B3 FA L 150 -
Happfliok 3 03 H AP0 2P R A S A0l 2R G 17222 5 0 F T
BWadrbiz AOL & 2 2 - B A R4 P 4p 3 >0 17222 272 CO2> 87 ¢ g ig» A
BB (ks R A s b Bt R 2 CO25 4 R FAEE R B v b
CO2- Rm » EF B2 Rik s BRFE RS 2$ﬁ&ifﬁ@§§a@,%ﬁﬁiw

Wz tFgits S £& > F RIS H 2 BT F%&o@ﬂﬁ%@ﬁ%%jﬁiﬁ%
RN 7 FP B FER R R 8

2OLEHRt 2 F R R

BOM #¢ & (&

30



5L & b i H gk Bpk K E(g)

£(g)
BO1 ¢ AR 1 15 15
B02 Cable 1 200 200
C01 ¥ 5 {210 4 150 600
C02 PCI 1 200 200
C03 PCB 1 400 400
Co04 TIE 78 0.5 39
C05 Pt 3 30 90
C06 #&F IC 2 60 120
Co7 TF 97 0.6 58.2
1 PC |3+ 1722.2

y)

gl o B AEIE > -1 H 54 A BO3 #® 5 1000 H(PCS)» ¥ - k1 H 5 F
BO3 w 15 itk 7 ¢ % AOL <€ b 5 1000 # - F]gt > BO3 1 H 5 A0l 25 1 H » 303+
B ait i B3 4 ¥R A0l Byt A T g E & A2 AT o B3 SR #
CO1~CO7 #fd » #b & 12 3 SMT fu¥Aa b © 5 % % %% C04 2 PCB + > CO4 % # 2204
Lﬁﬂ%’g%@ﬁ—&“%¥%°%SMT*$%’mBiﬁ&#W%’ﬁﬂﬁﬁﬁ@’
£ oM B02%E ¢ ARBOLH T 21 K46 T3 AL = 5> & -

%2 p,“é-?:/*ﬁ Jf&'*‘}'“r%i- 2R E ) AR N EBGETR 2 I E R BE

SUIERATR % i I H ”Lr%i*a’,’iﬁ"\’iﬁﬁfﬁoBOS d 25 b @ 3 SMT Fde 1 % CO01~C02~
C04~C07 mfr? >3 C03 22 PCB L} » Flpt 24 7 - 54 & 1000 % 2 & 4 .’L‘?ﬂfq’f o
A S Y g

?E*ﬁ# 7miwaofﬂ’41%?&ﬂwﬁ%ﬁﬁﬁkoﬂw@iapﬁiuﬁ
SIS rg”%ﬁf“mﬁﬁ%ﬂ%ki%MHUi%’swﬁmi 2
3PP Mo R EE R FRUrAS A AR D)EMN VB2 B b eI S METR

MWz~ o

22 FHEF 2 3P E

gﬁis EREE (&) i A (g)
Ttz e 4ea ‘?ﬁ # 100000 0.05 5000

A0l 2 &+ 1 aﬁ’ P 21500 0.02 430
A0l H aﬁ’ P 123000 0.01 1230

P AR T NPT gd F 2 Stk %9?[20] 2B AQL Jr L2 B K pN o
ﬁWI%Pﬂéﬁiﬁiéé%B Biav oI 2 WRAEZAMEFE S § PR
'E'°’“55'?351547 BHpE 4 ABO3IE LR W A0l SRR H o ‘}55‘?
4 £ ¥ B031ﬁ~#i1 7 ‘& > BO3 5 ¢hé o fttbﬁ‘_l‘?j s R el g 5 d 41 FF)]

31



BWig- 5% BO3 + ¥ F R4LFAMEFE L CO+.. +COTH(=F % + b o 7 % 3k g R Fr)
=1507.2+(5000/1000)= 1512.2 (g) - #H Z¢ 5 7 ¥ » B k-t G2 s L B 5 B 03 2 5 &
FRE o FI RN B AT R, B4 TR 12 (8 15128 s 23N N B oo 3 6 R AT T
Z BO3REFE - FHR >IN BT X228 AOlz@E d &y B3 Eer 4 17 8%
2 g Rgh 5 BOITBO2tBO3 =151200415122=1727.2 (g) * *c + 3 * 2 & L j* & &

1727.2+(430+1230)/1000=1728.86 (g) -

¥ = l\g @:f#ﬁf*
3.3 ﬁ%“-% o -1 Bl ¢ 35 27
EENE J‘i#k*zm,mjps?%*" P B oy R R b SRS F TR
o RRERGERBELE R R DS ﬁ%ﬁ%%%ﬁiﬁﬁﬁﬂ&%"ﬂﬁﬁﬁ% 1B % F
Al e B A P AR N F s AL A LS E G A4 e A
g—u.,;lg m}\,gﬁ_—\[fﬂ][l] ¢$<6~k4»;¥ﬁﬁiﬁ géi#ﬁé@: R B 0 @ g»;.a
3 ¥ aramg"m ke Tt R A It RS ARE R gﬂmf & J—;L??
g: 28 Sl w« La\ﬂw% LR ST LR o 356 S AR E R L
v AR ARG E B R A g rnenE £ 1 B Fp > R E
ik apELE 'gwﬁ‘\iﬁmzxiﬁﬁ‘\ﬁ AfFEABEALBPEERL > 2 EEFEL
O JpopR e ) il g g1 o
L

CEYEEEY £ L EH TN B4 SR R R e B AL
WP N TR TP G 2 AR AR T 0 L e b R TR 2
ROoTERE NG EA TR YL R AL o AR o - g Ep g - ,’é'g

Iﬁ!'_rfﬂ?a Ji¥eo 4o ERP EF A £ 4088 ks B S g3 5 o g gk sl
B E IR BRI WEOTN O P ART L TRE TR R G R
%m%ﬁﬁﬁmﬂ°“4’HW%%EP¢%ﬁn—€ﬂ“FA§”$F
%i’“rx ZFERTF R :E:DERP - AP ERTG ERP R K ﬁﬁ%%ﬁ;\“‘”
if Ffuﬂgﬂ\%s—'\bhﬁ P },T”,ﬁ FB_‘pf;HLrﬁikhm f#ﬁf@w ,|/55; A B
,f# A e B ATy ’}’3—;\‘ v B p E TR s g IR BRI A 4 gk R o

3.4 0|+ %E
P02 Tt R St ) KM R KGR S N R R TR L i B SR T
1¢f#°1&;%“ﬁ4 (%% B03) » @k rrg 4 2 ghigr g e § v Amha By
1.72886 27 » At gk g 32 e ddd 2 7 (ke) S B o BO3 3 R B i 00 LB TP
;,ﬂ;p_; B 5 2.04kgo H3- 8 2 SV A2 A 9% 2 RURALf 2 38 s A gty
A de 2 e *[201
f%:&r 1000 % BO3 = &3t 2012 # 3 7 &+ 3 >t A B Y > 222012 # 4 ¢ 4= 3 BO3 &
FLE M B L 1.72886* 1000 = 1728.86kg 22012 & 4 * 20 p BO3 #-! j;i % Ex]er ALE g
FREES3005F 040 22 p R EEESNEET ER ﬁﬁ?i&ﬁf* Bl G oo AHEEE
R P 5.125kg 7 3818 ¥ B K P 80.279kg 1L & -3 E C pEE 7.603kg’ # ¥ 93.007kg -
47 29¢ i;@:}.gﬁz_rgwé S0k > B b 3.254kg o
32



Zd ERP % S3t 2 p&_sﬂu—?" gﬁﬁ éi“ #E&?m? Wipdo 43 LA E £
dﬁ%ﬁ%ﬁ#%ﬁmEW$ﬁ§ B B E L 612KG o A F & 5 521.912KG o B F

* 5 93.007KG ° ]y ’—ﬁﬁﬁé6U6ﬂ%}%0m=&%9m®oé*&ﬁ@§gg,
HF LIRS Y 2 COy R vt F B CO R o

% 3.B03 Bt & & %
BO3,€3‘[\ ﬁ—’*#g_‘r_ =~
2012«;}- 048 01 B 2012_}_42 30B —%ilé’ (4 Fu)

R A 612.000
A A 521.912
TE 93.007
RYRE B -2.919

#45BO32ZRFALGFE 2 F5FT A 7} Podt i R s gD -
it * 1728.86-518.658 alt"“ff‘%‘"-% #BO3AF AL 4" 30 P #14 1210202 (KG)» § TP &
B g a2 gt 8 E 96.261 (KG) > gt 0348 j{"ﬁv"’ AWM MERE o d AT B
RI AP G b PO RSR YRR T AS R R E 2 E 5 1725.941kg o

LARETAL G2

FEFF AL G A

2012 & 4" 30p
R A YR
R 1210.202 B R 0
Tl B R 612 BRAEE 1725.941
TF AR R 96.261
RE A 1725.941 BRE R RE E LR 1725.941

T S B E R
MY 2B e E AT s R A B 2 M ,\'g WAFT Y o A uEd A SG R IR
BRAEIRUSPEAS S CO%E 5 A fEEMG chd B SN T hE 4R 5
R o PR EARERZ N PR ER U R AL P CO R o
FCO PR B EREA N T2 d A2 AP EUEFES 2 EG R
EHAFR B RS S AR AN TR AT R Fa AE L A S
BRECO2E TS PrAER2ZFE > FP s ZREGFVRAZ S AZERIF > it 3
R E - BASNIR Y A AR SR AP E AT EERT ERP 2 WK
BRI B 2 AT (TR e

RGNS LA & § R gﬁkcw’ P¥FEauERT €422 CO g » e 4.7
T ARG - B RORE S AP E CO B RIEME D 0 COy %R PP BB K
33

>



'»u
7t

o

=

£

FEFMIFL BB OERAPE T § 22 COZPRE iy ik~ S f

g R P R AR L A MR LG N B AL g aE A A2 gt
Erifie s TAREVFE 22 p PR R 2R G E PRI L A s
B2 FHMORRILLEE > Flt o iiﬁ?{?ﬁ“‘%}' :T;Tir' EigALY A2 Sl R dciE o n

51

% \fm
k \Fnb R

"l‘
hpus}
=

g "J"FFJL’J’JL ”:_’}_3:)(\ s ji“fb ERP ﬁ}'\ R/v' lfu‘;’f"ﬁi ﬁ;‘!ﬁ’:;\. ’ I/ﬁ‘l\#Fﬁ Z 1 % E‘L‘E\g g ?‘t X:t i/&u
QW7FW$aiaﬁﬁ£ﬁw@ﬂ’Em“ffi% RALL WEAOTR L2 RS T
FRE 2w el i G R dUE B £ F DY @RS s & ERP oM s U LS g

¥ oA an 2 oo

AFEF AT AR 50 P AR RE RS IR p R AR RN
FEOF AR e R R MRS RTE- H 2y c AN ARFE G G o TRERS
fL%ggfrfiﬁ o rﬁ%f\?—% WEZFEREMCOPERE | G ELR DA AT w0 a AT
I E VT IT 5180 % AP Bl #H o

sh“ =

34



LR IR IR L P TS VUE S BV T P E
e

BORBEEG S AFELY S 0 fE e RELHLPERARE BB
BELHE FERI V2P E IR AT L E R F RN E s kAP E Y
- EFERI I MRZATASRFEEAASARRRAER PR BB E RS
I I‘Jc FAPB BRI o RE 2 2B SR ;“ 5 ﬂ}’? (Fuzzy Interpretive Structural

Modehng, FISM) 31 B PR 4p 3 52 MO > T & B % i B B (Quality Function
Deployment, QFD)z &- & & (House of Quality, HOQ)*E FRER > TRENPAITRERAR 2
(Fuzzy Analytic Network Process, FANP) 4 174 £ $30 % ¢ 2 Mptz 374 F97% £2. 7 i
e Ra EAMEE REFSI 37E LB EF AR AL LM EFE S A g
R TR RS BRI E B e Er e AR R e p AR
(Goal Programming, GP)4~ 7 » FPF 5 " M A K d 2 MBITA & B 3 E/m 4 >cE P4 > &
4 2 & 47 (Failure Mode And Effects Analysis, FMEA) %t # P] 07 » 2. 353480 4 45 o
- BEEREEN RAKEBE T > BALRT RS LR AT A b e
Bt o RmARAMAFNL AFEAACEIEM WP EJFAPT LA RFEAFE R
PHESIE MR ERP ATV ES A2 Ao P AFERNES 2 MR ERF RE

HozoE s T B R B RO A T R AR R 2 (FANP) S & > 22 - % d 2 MpiE
BR 2 TmEs  ua ”Fﬁ?ﬁéiﬁﬂ ;fpﬁt@‘;g TRy X ER FE jgﬁ‘_‘m]xﬁ;ﬂ o
EFEAATAESEFF > LE ST W2 RS MABE R {ARME L BRI 2
vﬂaﬁ?giéﬁi'}’?’"“itﬂ S fi’&r@?%énﬂsmo

Marx L 3742 %R % -~ TFT-LCD - Wﬁ;ﬁﬁﬁgb B R S o R A AR

5B s};irl_/i.“ N .,;;’}'g‘_;\ AR TR - l—,.‘},@ EHE o

I

Abstract

Green supply chain has become an important topic these days due to pollution, global
warming, extreme climatic events, etc. In the first year of the project, a systematic model
based on quality function deployment (QFD) is constructed for developing green and
low-carbon products. Literature review and interviews with experts are done first to collect the
factors for developing green and low-carbon products. Fuzzy Delphi method (FDM) is applied
next to extract the important factors, and fuzzy interpretive structural modeling (FISM) is used
to understand the relationships among factors. The house of quality (HOQ) for product
planning is built, and the fuzzy analytic network process (FANP) is applied to calculate the
importance of the engineering characteristics. Fuzzy failure mode and effects analysis
(FFMEA) is then applied to understand the potential failures of the ECs and to determine the
importance of ECs with respect to risk control. Finally, a goal programming (GP) model is
constructed to consider the outcome from the FANP-QFD, FFMEA and other additional goals
and constraints to select the most important ECs for NPD.

To reduce the failure rate of a new product, a firm needs to select the right suppliers that not
only can satisfy the basic requirements, such as cost and quality, but also can provide green and
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low-carbon materials. The goal of the second year, thus, is to construct a green and low-carbon
supplier evaluation model. The attributes that a green and low-carbon supplier should have are
analyzed first. A FANP model is constructed next to evaluate various aspects of suppliers.
By applying the model, the manufacturer can find the most suitable supplier for cooperation and
can provide recommendations to other suppliers that need improvements.

Keywords:New product development, TFT-LCD, quality function deployment (QFD), Fuzzy
Delphi method (FDM), Fuzzy analytic network process (FANP), Goal programming (GP), Green
supplier selection
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Abstract

Energy saving and carbon reduction has become an important international campaign due to
the significant influences of global weather change on the environment and the impacts of fuel
shortages. In the greenhouse gases (GHGs) emission in Taiwan, the transportation sector is the
second largest source which is only inferior to the industry sector. Highway transportation is the
largest emission source in the transportation sector. It shows the importance of energy saving and
carbon reduction in the highway transportation sector. In the fuel consumption and GHGs
emission of the highway transportation, bus is one of the major sources due to its long-term
driving on highways. Therefore, the government and bus service operators should develop
effective policies or strategies for the coming of low-carbon economic age. Developing
eco-driving behavior for professional drivers is one effective strategy. This study develops an
eco-driving behavior analysis and management model based on data mining for freeway bus
companies in Taiwan through the applications of digital tachographs and the collection of real bus
operating data. According to the needs of bus drivers’ training mechanism, virtual reality (VR)
scenarios are developed based on a fixed-base bus driving simulator to be the training and
evaluation tools for bus company operators to improve the driving performance of
non-eco-driving drivers. Finally, the study designs several bus driving simulation experiments,
recruits professional bus drivers, and conducts the experiments to verify the effects of on-line
eco-driving monitoring systems. The experimental results will be a helpful base for the future
development of system prototypes.

Keywords: Eco-driving, Freeway Bus Compay, Tachograph, Data Mining, Driving
Simulation.

- " FErEFREp D
FEN NG REHSRBRAVLARAPE > R RS OEE S R ES
45



RS XS REEER P EARE S A p 200520 16 P TR FRETE
PHEREZRESNOE REFT > LA FEANELDFRER > LEAEEF
%@4m7ﬂ%bﬁwwﬂw“%$\ﬁiﬁé hEPR BB G TE(TACOPI3 347 » (i
FRBLY AR AR 0 AR 2009 £ 2 A (SR H L TF o HHmAR DY
ZHBERFEEFMBRETE  F > SR IRT RV F MR ¢ & ek
?*ﬁ%%a%ﬁéﬁﬁﬁo¢f@é%ﬁﬁz$@ﬁﬁj’ﬁﬁ%W{@i%;%%
209 2 A PAIR  §ik 14~15% 0 A & E Kk p Bt R RIETR 2 Z
,u2m7&§w,2&§ﬁﬁﬁﬁﬁﬁﬁiz FERGIN R R Y £ 20 952%
M’hﬁﬁﬁkﬂﬁﬂwﬁﬁﬁﬁﬁﬁﬁwi BUL 2 REH SRR E R

ga'ﬁﬁ}ﬁzﬁ%%*ﬁﬂz%Wﬁﬁﬂ’%ﬂ¢?éﬁzﬁ B F) LR R
(22012 &7 % it > AResd B R E ol §ﬁ¢+g§11mo§ﬁa
WIRDERC AT LB FMP P20 A 0D AP AMED E A PE
g3 5 %W%?z.ﬁiﬂéﬁ’éﬁ?,&ﬁsazgvﬂpiﬁﬁﬁ G
ﬁiffq—aﬂsg;}é‘ﬁwza\m@ ; & &
G AL T 3G -%ﬁ%zti%%

w1¢

P t} %‘*T
ot
Ar
5
=
Ny
R
(i}
s
o

=\
Pory
v G
o
(@)
S T

—u»
1
4

oAt
A B ¥ - MRt MTR
Z R R AAE T F SR Ao frﬁﬂa‘ﬁi [ N R ,”a§ (Eco-driving)#.
44 Zarkadoula etal. [3]2 A7 % #F IE R 4 B EH FH R ) 0 B7 < R0 2 iw
q -
. v

1°+ﬂﬁﬁ»§ﬁ%@?§ﬁ€7ﬁW% ’M?”ﬁﬁ%’#?%ﬁm
v

?
é{:j»‘i’i‘—’xx ) ’ﬁﬁﬂé\g}jﬂaﬁaiﬁ»ﬂ'ﬁiﬁﬁﬁ%

Ao [T OA MR G LA A
K TEBEE D HBPERE G

o

W

e 3

£ ¥

ERE 7R
d*ﬁ¥m$%’9%9®ﬁﬁﬁﬁ,% N doie &8 B N A¥aL o EARL s &

FOEEERAT > REERE LSRN PIT LAY F0D 2 0 L B R
B P REERATERE 2 A2 42 E o Tkt e B Frmkiimé
N R RSB RE RGBT 2 AL e F BT R (78
BT SRR FEEE P RBGEKRTIAMMMOEE ) TR
\&%’ﬂﬂ%ﬁﬁﬁ%ipkmw A B TARR X 2R 2R
%[4] éé’e‘a[S] ® Fid[6] ~ w715 1" ZEFFTERE 2 7R BB ETH
LR ﬂ:l&-mﬁ saé;:—‘? ALIE R A L2 o dr o RPD m N ERE 2
iﬁf?;#a‘” Eobrd B2 A S TR B R Pa N 2 B2 ’&riaﬁ%fr AN 7
RET AR SCRYET LAT AL 2RE > AR EER T AT a0 LB 22 k-
Bo iR EERAFEZBRERTN S B DSBS 2 T80 SR A 6N e pE
ERAG T - £ 2

Foari o 2 ﬁa%%Fm$ﬁﬁﬁiﬁ Afn 3o REAFEF RS ARG
LRG0 o BE %FRﬁ%’%“'»fﬁ%@ﬁ‘é‘s‘;mEﬁnkmlﬁ‘&q‘% VFI 2 g 0 ™ BB LR
46

gty
S
3
= 4
£
N s
e

=4

= I

w4 &

LS )
“‘\“—\&m&‘ﬁ%%b@ 2

IR
N‘ﬁ‘w
=5
B
En
“sh“

\l



2 ’;\éf"ﬁﬂﬁ"”iﬁé’\iﬁl a]pﬂ,ﬁ; » Pl EF A E R S oo FP AT Y IR
FEEE M) SERCS T eGFREFT I ITHLAE 22 - FUTHEE
Bh oA AT R R TR A IR A R DR R R AR

*g&i+%ﬁﬁﬁ#ﬁ$’%@ﬁﬁﬁﬁ%§’wp,iﬁﬁf gﬁﬂ\gﬁ**
m)’”ﬁb""’f—r',_.;? o %Iﬂiﬁ’»ltr ¥ 2 )J_ﬁ'{;@’—‘ ";__ iﬁﬁ_ﬁﬁﬁg Z,.gﬂ?—\p“ = i ,i,ﬁ'{ﬁ
1E’.f‘r‘$5ﬁ ‘JII\Y'I%I B;:-E«r’é‘%;#i,h,yu_’» X lfp.#\j\,ﬁ ‘uﬁ.’m;? E!_\éi"

IV =y EWBmgf%T:
(1) B~ v R Fd e 72 e B erRERR T2 gt
Q)Aﬁ%?ﬁ%ii%ﬁﬁﬁéﬂ%iﬁﬁéﬁﬁ%~m§ﬁ&°
(B) B L v - F (L g PRl RN o
4 WHEFEERGFL Dy S RFEERETLAITERES  NIFS EE
£¥ie ;ﬂﬁﬁgg@?;ﬁrﬁpzimm%

(S) fI* P EAFAZIERIRE >R EAFHRIA > T RPN E o
(6) st TRiER B E iy k2 ot 387 E 8B S% > ALk
S
YRR
BEFMCOr2 e T e pin L SApb - 5 - LB EEI N2 FF 0 A RTF
P\X .ﬁﬁiﬁq\ U PR A GFEEREFE[R,9] KA ﬁt?’f—%,.?% C AW E
HﬁU&ﬁmiﬂmﬂéiﬁ”’ﬂ AF Y ﬁﬂﬁ*i

A2 3B AN A 9,10, 11,12, 13, 14,15, 16148 M 72 4o 57 d B k4 i fa i »
F] 4 B 4 54Uﬂ b I R E @Wﬁﬁ§@WW¢Lﬁl~?@@*?m¢$Wﬁﬁ
7#5?&‘313 [8 1824]19’ﬁ:piqm—,/})?l/ﬁ%i"/w\‘%ﬁ-é'\,?l}fﬁsi;_'_ ﬁi%ﬁ'{’ﬁléf;#ﬁ

B2 st Ko R R AL F 0 2 R AR ?zﬁ’%ﬁﬁfﬁi:;%ﬁz%@
CO, 238 fp » ¥4 ™ B (7 2 Ao x fhffiz & B Yol o o iz > fo d proc fhdicld 2
¥ o Wk L - RAEE S 3 R HIF AR AT

¥oebo f A ?ﬁiﬂ THEE2Z BN ED k é?‘EgF"},1E—f‘r)zI§E§ﬁf‘fp.;-/d7%i*7 AR
WECEPM S F FAAL[4,56, 28l 7 Al Art oI FEREETHELE
ﬁéﬁiﬁﬁﬁiim%ﬁ#‘g&ﬁ&i%ﬁ\ﬁﬁﬁgiﬁﬁxﬁﬁﬁﬁﬁ?ﬁg,
He FREF? qrei - B AR D IRE B (TR AR T AR
SIS b S il QR BET QR BB B E g s ?%frﬁ PR ?%fvé = #
EARERTEAEET QEGART - g AT g BR R B e s
e FEBE G s PRI AFEIEDE LR T TR R EET
PRFLREREERFLFHZG L

EEBELVRELEN FABRFITEINL 0 BRRERN LAY F ruandiT e P G
MAZERREIRBFAT2AAMFE »RE3 A Ry X 22 FRE R BE TG
FARE Bk Si(faceLAB) » £ ¥ * £ 8 4 ravl‘ﬁ#g._ﬁf—r GNP ERGTLF 5;5@ WA
A SR T AR EEARPRET LAS MY [25-37] - *ﬁ*p—ﬁﬁmﬁﬁﬁﬁ
TRETIAZIERY T AHLF RS o

BEERGLTERPF LR AL *’:‘iﬁﬁs?],, ARARPBEF LR FFSEY

47



of e e § ook B B R A TR R ER[38,39] 0 4 AN H AKF R NER S 5@ L PN
[40] = i AR BE < jek o7k i ,”ai.iéﬁz,ﬁ B )RR LA RV IEL AETEE S LR
:il%,p."t;,h “-‘/‘L»?» ’FK' 3 ’}'3— B m%@o

= ‘pjb"s/'z‘ "E’fw\'%

1215;7‘7;;/Eﬁiﬂm’7l&£ﬂi“hﬁ-mq\l7 AR RE ;} WAL S Z F TCRETR RN R E
ERELAIT RN s 22 ERERF T2 R BEERE e F %R

Hig# 2 3288 % 5 SifdeT o
()BT 4o v - F (g 45N
RS AR Y R ATRETET U R B SRR R

&5

HEEE IS N i -F

@%&’aéxvf%pﬂwmA pz&éraﬁ%uM@ﬁﬁﬁﬁiiﬁﬁﬁ%Mf
LA RS el(1/2),[41]7 0 0 #Er’sém’ﬁ—/ﬁlpém Sl AR D AT A
R I A\ fg-; R z?,drjp.\ Big - § Qg yﬁg,'fa Xy i 3] oo H

PR BES L 6T(2 L) R ST ’lijii*/d’—r 9 0.126 ~ 0.139(2> = /22 ) » &
oo § g 9 33470 ~361.71(2 /2 2)
231 B4 - F LR MRS

(Qjﬁ%) fETP | e 23 R’
100 & 110 A= 100 Fuel=1.83-0.05V+0.000372V> 0.44
CO, 100 C0,=4830.86-132.53V+0.98V> 0.44

90 A= 100 Fuel=1.58-0.0435V+0.000325V> 0.54

CO, 100 CO,=4181.50-114.99V+0.86V> 0.54

S5 EREL TR

Fuel : 425 F(22/22)
COy: = § M ptifaaf(2i/ag)e
V: % 3? ﬁt! é%ﬁ(/é\g//‘[ﬂ?)o

(= )&% iﬁr‘?ék\’l“?? %3—5\

AETREEF 2R YETH QI S TR SR THELAE 22k

gﬁéf—?ié\’}’?? + }\ ’Jgr@ 3-1 #757F > FHwA 7B ARE R B ¥ %% Chang et al
mnwukaw@w7é%%m’wﬁ@zﬁﬁméﬁ’ﬂm%mﬁk%$éﬁﬁ%ﬁia
A EIS5560 ¥ B MaE 3] 430,062 0.82 FF 5 m AR E S R > H B i Mg b
3 0.06 0 ® iR HRE L AT 430 22 468 B o F]Pt o R0 3 R MR b2 A dF AR TR
EOPE BT RS TR EE R R

CAEBFRERESF IR BEFRTI ez 9 %%

ARG L X BB E R B 2 T g I {o AR E Bk Bu(faceLAB)(4- ) 3-2 #15T ) 0 &
»,fg Mg BT eFfai 29 R BEFRT L Al dr i > #4279 RELAN

1%§ﬁ%%gTﬂﬁ?#‘$‘\VpaiﬁgTﬂﬁ??‘uwmmm%Cét

@mrg Bom > B laor MK BB AA K ”’-%?ﬂfﬁ'ﬁi%“@ &
FiE TR BRI RR LRSS YEP 4T o

EIRR

fy@} —

v
-

48




FEEFER

FE G HE

| T —— |< e EH

LE#FM
e HHAREE 3ok A
L AR 493

2. MR
3. A B ¥ AR S HEHAH

BB EE % >| -

L& &
2T ER
3. iTRESEAE
4. FH ik
SR 2 v
6.3k B _ LR RME 58
TR AR L REATHRE €1 ey g w4 ori
8.A2 ik thdd]
9. 18 44 1Rk b )
104588 & i Hofs] AR B s E &
11. & ik b e F w
1234 F SK{I g

EBF R EH

E 84T Bt

F3-1 B GERE LA 173 B

Bl 3-2 %8 % %k B faceLAB A & 2 1 ffe & F

L7 % Bliait B v B i I pr

AFHET2Z AR DRI fEL R D ”a’;ﬁ"k*?’f‘ T BELET R T FIELRE o

B > AL E T ’*ﬁ“’g*ﬁéﬁf FRERE % > B8 4o@ 3-3 #77 > 330w

R SRR LR % > 7 4% Chang and Wei [43, 44] - = R} > EETH NS ERK 2

RAUF PSR 0T 5 o M J{N R 2B E ek 2 g o F RN E o KR R Y
ST B2 BT PR L TR B BEER T B T 80 2 % ke

h|

—~

¢

49



Bl3-3 % Rt B BB TEFET IR S H B

2.8 ¥

AFHREKFLAED DT JREFE SR EDEREFLT DGR @ RRT &

BT 2 I% N S A EE 'ﬁ%’ﬁ*ﬁﬁfﬁ] 3-4 97 o FERSFET BHEETH
TR MERE LR TR EERERES > L X 2R 200k -

B 3-4 3 2R3 ETF%HFER

3. SELE B R BT
L i\“?‘i%‘ﬁﬂ?ﬁ”ﬂﬁ’%‘ B i 1 ﬁifﬁf’“m"ﬁf%id*mmg;\@1;\@3’\}?#
EH L ERD RPN L ERT L RTEF 2 8 LT AT 5 WAVE/DSRC T E - % &
kst ® svad B AT A1EH & S(Intelligent Transportation Systems, ITS)enfF & j& 4T 31T
- [45] - # ¥ WAVE (Wireless Access in Vehicular Environments) £ % & # @3k 3 2. & 513 3
5 P> 3 3 DSRC (Dedicated Short Range Communication)P| £ & §Ei 3 » #& WAVE/DSRC
TR IR 2 A B PR Ry B ey hd B dm% K2+ H 2 (On-Board Unit, OBU)
B2 T B R P A KR AR M‘& ¥% | =~ (Road Side Unit, RSU)¥ OBU
xamum c WAVE/DSRC i 30T 57 r2 2 4£3% 5 % el LY > & 33 ]~ 3 BF(V2V)

(WMﬁﬁﬁﬁ FOE (V2D A E o T4 5 WAVE/DSRC 2 5 > 7 4 B 4

i

K

\m(:ﬂ-

**w%ﬁﬁé— (*ﬁﬁh-viﬁﬁﬁﬁv-ﬁsnﬂv%Mapw«u%*sg
/‘}&%J‘%ﬁﬁﬁ%ﬂ@”— 7'}4“?‘/)3‘3\5'” o B F AW 3-5 o o FERER
R R R Y £ Wﬁ@%ﬁﬁﬁ 0 B 2B 2Lk o

50



IR ST TRl

ﬂ*ﬁﬁ% ~ WAVE/DSRC -‘;f» ixi;}i,{ﬁr s IR %L

. .
AP EEREN TR R AEDE,

PN THRER  RRFREMITAS ML FLRY E - R ERY TERE
BR G2 AT 0 27 R R B ﬁﬁ%%gf‘éi“ypﬁiﬁ
Er s FENEP AN EP N MALR I REER T RN E REREE SR
ﬁﬁﬁafﬁ%%ﬁﬁﬁgﬂﬁa?%*ﬁ%A%ﬁgﬁi7“ﬁ&;@,mpﬁ b 4L
B F PR B IR 2xE c B EARERIKF ATV FLERIRSLE o

T 3
i*%%%&%&’»%r&M§ﬁfé§ﬂﬁﬁ ﬁrmpg.§@r st L E
588 4 R R R

B AT e o0oa AT AT

51



— = ;E #* B

HEFL RS FTLERDEE S L APREYF2RY pATHD N ¢ g REK

Pl T 2 g2 B p 2 ﬁvmgioﬁﬁﬁ’&Wﬁﬁﬂﬂ@izi%ﬁ?%%
img‘{s% *wﬁﬂ”“ia&%? k¢ W FARMARE 2 0 B - o blde 2 i 7 4 (Fisk,
1974; Henion & Kinnear, 1976) ; % ¢ i} & (Srmth 1998) ; % ¢ {7 4 (Charter, 1992) ; 5. 7
(Coddington, 1992; Peattie, 1995) » & &2 ¥ ¥ {ct 2 ¥ £ 4] * (Van Dam & Apeldoorn, 1996;
Fuller, 1999)% - @ H P » &4 aff &ﬁpxﬁﬁ AR SO s EEE
'*Ff 4v @ Kassarjian, 1971; Zikmund and Stanton, 1971; Henion, 1972; Fisk, 1974;Kangun, 1974;
Kinnear, 1974; Henion and Kinnear, 1976; Perry, 1976 ; % 80 # * A = 90 & 4 L #HF+ 1 &
TG o R AT I 2 g+ pE(Peattie, 1992; Coddington, 1992; Mintu Winsatt & Lozada,
1996) » ¥ 4 SHEF & & o HHURB A ke BU R EF L GF B R
PSR HP EH 0 EROREF F L PRI B YR L2 (Atasy, Sarvary &
Van Wassenhove, 2008) > = % & FFc/ird € & Gk B 32 - » F F %ﬁ DR HERES R
o ika BERAESSL A WEEAE LN MRS EIRF L g e

ERATRAENMNEPRFT RS LD AT o oPiE T nny IR A HER
i FR RSP F AR AER ﬁﬁ&{j&;ﬁdﬂﬂkﬁ??{?'fi U LRSI ) -
Iﬁ@-“'wi%‘f’% AR BB ERYT P AEFEFAENCEPNF 0 P AR AR A RE

’%‘ij\z’H GmTA o RFELI ARG ER Y B ORT MEA o B )R ’E\

ﬂ%wﬁﬁuﬁﬁarf?is%s%m”*ﬁm’w”%aﬂihﬁ§4”5d\
AXFETEAZD FEOFA e AP LR EF F i d e KRBT PR R
TRER O BERSE 20 RELHRHR YR EL PR AR E S DY KT M F

r>H P IR T RBRE S {f;ﬁn%ﬁ&ﬁ,ﬂhg‘,,g#:,,g,ﬁFmﬁg;gggg\étﬁ,ﬁ» e
v 07#1—&-{32 ?’tv’;‘ ’; %Pm**%‘f‘;rﬁg ;’gI% pi‘;'«‘i{ ﬁ:f u,E—FEmJ_EiﬁLZ»‘iI%IR-ﬁ%\
g N o @ ﬁ,g,ﬁ?\/\ué’nﬁl%?mﬁ?ﬁﬂfﬂ-ograu]}&]p\ Jy*“‘;r&,ﬁ; SR Y 0 Y

AR A AT B S F(F D A0 19945 £ 3 19975 F # & 0 20005 ki 0 2002 ;

F &47>2003 ;5 7 2 > 20006 ; A > 2006 5 F i E > 2007 5 HEB 0 2008 5 R F oo
2009 ; 715 02010) 20 FUBRIR AT EN AR L I AN > J M P2l T RS
#%]/’Ekf’ﬂ??mqa‘_’ FEREALBRE L §jg.;¢;ﬂ'%§ii 4 gk 4 r-‘cﬂ"“*#*’%’ﬁv’ 25

HRR T RABRRREA P DAL S R TR DELEEG AR E P Ao
ﬁ* R F AN FEHEHENSI PR AR FALARRINEYN o T 58
KT A r 0 TRELHRESE PRERTIEN DB F R FHE Y Bk
FHALRERERAPN TS PR TRA L F2 4

RS

#5723 155" (Transtheoretical Model ; TTM)&_d Prochaska & DiClement = 4 (1982)#7%
B kin, L0 A RCIEE hiE 5 IR 0 LA 1990 £ S4B il B it B e
:%1—oﬁwﬁ*%§ﬁ¢%p%iﬁ%wmﬁwﬁfr’@ﬁ%méﬁma%m%

B S - S R L L
WO BEAENELmF AT o m B G AH;5Y (Health Belief Models, HBM)&_r # &

52



BB s AH D Y F L a R RTRR] - EE A AR B eRRE B 7 S IR 1S
(Rosenstock,1974) o T & A 450 | ARP b 5 8 F i £di Fppl T ﬁ@% B A g
B 75 ”‘+f*’ﬁ>]1%ﬁé M ERFTLAFETAARE s F AN R AN AAT R
HA#H KR REFHFEF (2 TE - PE %2> > 1989; Becker, 1974 ; Janz & Becker, 1984) -
¥ooboop Aoy (self-efﬁcacy) H_k p ** Bandura 2+ € § ¥ I #(social learning theory) s g &
B.&2 - (A Bandura- 1986) - FIHER4 it > cif & ke AREP P FF L2 R LN

WHF SRR SR T p A na T kTR R 0 T EF R E R
Fend & B (Vries 1988) o P W AR FAHRBRKTIFEY RIS FL D
S ARG EIYRFARESGFLERT A NI FEZFHETT -

E\Ff%%
AT B2 TR keRED (S
@#%W@AW%ﬁﬁw’u&é?é?%%%%iﬁj&5W%?%ﬁ»%@r%m
B ER N N gtk o Fohete 2 i
1A= 7 %%
AETETH AL A NERE AL RRA RS s & s S
AR FRREE 1434 S HBRER 121 4 > 2BEFT AHE 204 4 i
BH S W7 TRt > THEGHEPRBETE -
27 1L
iF*%%Wflibﬁ:fﬁ AN I I T R
=5y i3 * %% Becker & 4 ez & 5 A #;% (Health Beliefs Model ) ( Becker, Drachman &
K1rscht, 1974) (R SLATE E (Transtheoretlcal Model ; TTM) ~ Bandura 4+ ¢ # ¥ 72 % (social
learning theory)ﬂ R R A (self-efﬁcacy)ﬁ,ﬁ % Koulaidis & Christidou(1999)% & p ¢+ &2
G4 PARM AR RO RO P OREHEEH DRI T B2 ST P

L&*”? ﬁﬁﬁ%J’“giﬁ*tﬁﬁaﬁ PR AdLis o Bt 2 3K B3 1T
o (SRIE IS RIEER L L o 02 SPSS it fFgp it s T e r s HF) SRR s 4t
£ * 1 AMOS st e W@w RN

Ky A ripfedtd e e F 8 f § wddailp izﬁ—%@éf’r%‘? TR N S SN L
FERFm RIT, R KFILIHWMPY FYHE I NP AL L RiRF RS
W?i%$$\£3#ﬁ§ﬁ£,ﬁz§iﬁ¢g?ﬂ,éﬂﬁﬁﬂ%%gﬁo

21 A ERERAFTR

53



£ 4 A Cronbach’s o & BT R

XA i 4R 0.708 0.760
2 AN 0.503
e WFHEAR BAFE 0.793 0.854
B EETE 0.721
WA 0.654
CEE N S BAEL 0.777 0.870
MLE E 3 0.753
WA 0.573
WG R 0.927
3pbARS
KT A ~w

FReEHRELSWFEEEA TP fﬁ P el Ar 7 54 UHEE o
YA~
j\x;ﬁ*}“_—]-—‘z’}—ﬁ%\;gg A S S R BN A T o AT rCERFLET
Fo FHFHA Fgo FEFSOSH T H P RS P RREARE
FIrBETRY I FNGFHRKEE RSB ARRISI YR AL NEL
Tk fEH LB EERE AP P B FRATIERI S R EE R
B ZAI* 83 erd 2 s o BB RS F R LB AR

i~ 1
AT FHRARA L EFBRITEBRRY /A BEETE LKA ?Ig'gr‘b
B T FRAPANF o VREFRIER AT RELHREZ 4 F
B
4.8 |

MEXBRRA FERD R T EaRE L7 ¥ % o 12SPSS 18.0 for
Windows:t {7 L A 37
x5 A ~w
FHRESHRELSWFHEEDA AT R ﬁ* pavengd ) §inesia i o
A NUHEE o

YA~
/Eﬁ”’;\m:zé@rbﬁAfrei%% F £ ¥ kg peh /i~ 4p 31 (Marcus et al,,
1992) - Fokleram e Bd R T aiRKAaR E.bg]ﬁP'}’E,glﬂF‘k’ Yo s A

o %4 /ﬁ FEARELERY - FE) - FFYF 5B #ABed 3
FEESPRERFAS FRKE L ke AT KT ﬁ»fﬁ%ﬁmv ¥ ’Aiﬁ &%
LERHREDEI BRI KE > HRET TP RIL FIEI S % 4
VR RFEFHE I SE S B2 0 fRE D wﬁﬂmﬁ# sk 3t
R R BE R ERRAE TEA LS R X K F R AR R

ix_ig ‘ri%fﬂpfﬁx’ﬁ"ﬁ%’ ‘J?J;ﬂ'.f"ﬁm_é-“g ?IFFF’T“%Z\Z‘%'H‘
54



W

LR RS F AL F IR

KA~
RATERT A B AT EFWEEALLCR - THBET 4~ iEh=
oA REF v DRG TSN e B K
w2 1ty anh o FFRET EPR o

FH=149.377 g4 E=36 P-value= 000~
GFI=0.925 RMR=0.021 AGFI=0.842¢

= [2a5e]
X

081 0750

B3R | £ N

v ARG
0.80¢ /
[erede o X EHRER f— wo e

0.61¢

ska
LD e R

ﬁiﬁrﬁéﬁﬁm%JﬁWiﬁ&%MU’ﬁ&éﬂEV*’%%ﬁgﬁﬁf

AT SAR B AN EAF R T U E TR G TARR RE ’

PRI - FW TR G PR AETF LRI o

R 2 BRET ol 5 4.086 0 Bt A2 AER 0 1 T B A

"R AL ZMARK AT A EREEL 2 THEYIER AEERB

T OENEAGNL IR A A - PR M S RAFALRZ RS K
2,

ﬂ*?ﬁ
oy
?‘_

'F_‘k
_
s
Qe
=

Aoy Az T PP iTE 2R TOELI846 ZMFVFT o S
Féiiﬁmé’ur@<ﬁéJﬁ&&$’rﬁﬁﬁﬁJﬁ&&@’ﬂp;

£ George Stone, et al. (2010) %5 B i 7 i&%ﬁéi?fi%%%ﬁwk’
AT ALRBRREIHNAF S PR AL IAD PR R - B4
e,u#@wﬁ FRARER AL A AL S nsB 1 ERL R AN
BARFALZR S s o
FramAbnigd h%d MRS %9
PGS P rinaR s L TAR) A R
BEFHEFLE 2L FTRARRE 2 AR
FIRFP FARAERZES PP AN R T

do g =2
#w

@

@ mi’lkﬁﬂ%
@4%%ﬁ&oy,p;

@

7
2
¢

)
‘gﬁa ?2‘3\
7 z“ ‘

2R EF AR R B
?Félﬁﬁi*ﬁ?i$~@<Mﬁﬁ¥ (F2 %R Essa o eg@
BRLERMA LA PRI L& PR ELRT TRER AT S
d?ﬁé°ﬁ?ﬁﬁﬁﬁﬁd?ﬁé”ﬂﬁ*ﬁ?%®f£ﬂ§1ﬁ%iéﬁﬁ
FFFEE ORI EFLRBATRARIAIES YR
Lpfhe TP W TR YRR T :



RREAPM A TSP RN JHW TR PR EE RN N BRR
g2 Twd g A kg 4R, #3257 P PRIF » &k
ﬁ%@ﬁ@jf@%rmdaﬁa’a%%%ﬁgé IF: $ I RO ¥
Wt 2 BB, 0 PARE L B 0 AT A BRRRE 2 RGP
ﬁﬁiﬂ’ﬁ%ﬁﬁﬁ%ﬁﬁ7w%ﬁﬂ’fﬁ$ﬂﬂ’leﬁlﬁm;’u
Bl BRFA2HERT BROLRREW TR Y PRy BAKE o
" YRR ZBAERF O TRAFE HN TR JFER ) Z2HER
Bx o d;a@J&+’“ﬂ$£&<’ﬂﬂ””ﬁ&m1\ﬁ < Efa
REAHEWRBAFEDT e Ty FHPI A ERREL LMY ASFLR
RS P IAR X BRSSP IASTOFLANE > R B R
BRREAHNTHI PP ER 2R o THI YR EE kF o Hd TR
AR AR O B R W AP R 2 %”&&bu§7% i
ZBAFTE oMM EHEZARRMN S EEI R > AT A ERHDINL 5
BIRRELFPHZLE c ARRERT S P IASZBATA O U RS
AT S F AR A PRREL S RGBT A YT
SEEMYEI PR ASIPE RN ERREA AT ER LR BB R
G R B Y
wRIEARY > PR R P i
(SR RS R I A ¢
AEAPFERD  GHFRET AT aRFLE
= BREFREREFHAIOW AR S T
Fe
A
E

(Q,

._\
-

3‘1“‘

A

|
| &

= h“
&

\

—_
ETIN
T)‘:"

T o 34
BRSO R B PR AR A S R B
£+t "

HEEP SRR AR
PR RIEHF LR - R by
Fatpfo fES Y AE RS R
€Aﬁ$%ﬁ’ﬁwﬂ¢£ : -

~. o~
=l Tl

S ol Tmi
\‘

% ﬁjwwn@ﬁ’gzknwir
'@i;ﬁ“%i%**%?uﬁWB%ﬁaaé@rﬁua\wmﬂ
_J,



Hd 3 FAPRAT ~Apanir s p Aok B2 B %o 1R A 0 AkamER 0 Uk E
FHFES W PHRTABLFLEE kBT A AP H RSP F omandig BHES
Wb FTHRAKE AR R ARSI L S HNEY 8
Bk o UEREFHI I A E R o P RREA > FEKT A% ) R MR
%%ﬁ’aéﬁwwﬁaﬁﬁﬁ@ﬁﬁ%ﬁiﬁgﬁaww@@,é{,MTaﬁaw
Fo R RS A M RS o FUR ) F PR kTR SRR £ R E g R
PYM BB YRR E AR MBS RS L RS R LSRR 0 b
SBLE S R 2 AP B RALE R o AREARB G ER R ) B AN RAS

&

£ ]

-

YH B P AL

VARERBEES PR E L bldhe s RS AN AR R  BR  H 85 F
AFRENEERRY 2 ME T EFEF AR R P AP B LAREFLZEATER
Firde RFIP AT P RS SR RAFHI LG TR AR BRI E A2 % ‘;ﬂ';;‘d’
RATILE R R RIRREARIHI P F L

57



34 g

FE - CMAREARFATHEFEAE T EDEATER

[1] Baines T., Integration of Corporate Social Reponsibility Through International Voluntary
Initiatives, Indiana Journal of Global Legal Studies, 2009, Vol. 16, (1), pp.223-248

[2] Carroll, Archie B., Corporate Social Responsibility: Evolution of a definition Construct,
Business and Society, 1999, Vol.38, Iss.3, pp. 268.

[3] Carroll, Archie B., Managing Ethically with Global Stakeholders: A present and Future
Challenge, Academy of Management Executive, 2004, Vol.18, Iss.2, pp.114-120

[4] Chia Guai Chen, Cyun Huei Huang et al., Research Report on Corporate Social
Responsibility of China 2010. The Publisher for Social and Scientific Literature. Beijing,
China, 2010, pp.124-148.

[5] Chun Shan Chen, Seven Global Trends of Corporate Social Responsibility, Journal of
Sustainable Development, 2009, Vol.40, pp.18-25

[6] David, H., The Case Against Corporate Social Responsibility, Policy, 2001, Vol.17, Iss.2,
pp.28-32

[7] Gobbles, M. & Jonker, J., AA1000 and SA8000 Compared: A Systematic Comparison of
Contemporary Accountability Standards, Managerial Auditing Journal, 2003, Vol.18, Iss.10,
pp.54-58.

[8] GRI, Global Reporting Initiative Year in Review, Date visited: Dec.20, 2009

[9] http://ww.globalreproting.org/

[10] http://www.iisd.org/

[11]http://csr.moea.gov.tw

[12] http://www.csrtaiwan.org/index.php

[13]http://www.bcsd.org.tw

[14] http://www.sa-intl.org/

[15]Mei Shuei Chen, A study on Cuuent Social Responsibility- Review on the standards of
Taiwan CSR Performance Measurement, EMBA of National Cheng Kung University,
Taiwam, 2008.

[16] Nurhayanto, A Research on Consumers’ Awareness Toward Corporate Social Responsibility
Activities, Asia Univeristy, 2009.

[17]Porter, M. E. & Kramer, M. R., The Competitive Advantage of Corporate Philanthropy,
Harvard Business Review, 2002, Vol.80, Iss.12, pp.57-68

[18]Porter, M. E. & Kramer, M. R., Strategy and Society, The Link Between Competitive
Advantage and Corporate Social Responsibility, Harvard Business Review, Dec. 2006.

[19]Sau Bin Lin, Yu Cheng Lee and Chia Yen Wu, “The Comparison of Evaluation Systems for
Corporate Social Responsibility,” The 2010 Seminar for corporate competition and
management in Chinese Economic Circle, pp.4636-4656.

[20] You Huan Li, Bluebook of Constructing Corporate Social Responsibility of China 2010, Ren
Min Press, Beijing, China, 2010, pp.76-146

58



+34F - @]Wﬁ?qﬁ%ﬂwﬁﬁﬂaﬁﬂ(’\fﬁﬁ*
¢S 7 (2010) ¢ RIRAB N P R EAE FEIRSL E 2010 £ o g P RSP o
£ RE ﬁ‘k!fé’agQOOS) o F RF R 2005 £ o £ K% Rt E o
2 &% T532(2008) o i Afi A - tREARE E (1) o farg T12049 8 0 | 7120
&% Z532(2008) o i hfLd - thEARSE E () > ﬁ‘i ﬁ 72050 8 » F 7-14 -
X AT 1?]*(2011) >3 % - RIEF ISO50001 Sz Wig e > dad %A % xE X
- L ‘ouﬁ‘ B 2 SGS B2 5ok o & 2 7] > 47(10) -
$}§3v’ & (2005) © AR E F2004 & o S HrF L 2P v o
50 A5(2011) © 2B AP R R I o ABB S #E C ek 0 2011(2) -
R A~ X R BAg2 (2010) 0 G T R-F A o Ao RAEE 2010 27 > F 14
MFGH2004) % o dhdBic £ 5 o 227 Lo g1 FARAL o
FAER(2008)0 ¥ 4 2 2 i A F IR iR sk BT A F B B P HAbo
2008 £ 9 * o
FIRE (2009) o i AT A E A F7EE R 98 £ R M FTRBE L R € -9 F MRS
WA EHFRE P EERE T IR
B AR BT 2 P (2006) o da s i R AL B R 2 R feEdw 2y o
FrefrgmaE R A R €232 L3 F 0 2 %50 1 05110802 « S 447 L pAEE A P ENR
T3 e A = T AT e
T A ERIE(1998):%F - OECD k¥ o % ¢ Fud]:z £ -OECD # 37 5 # %+ (Environmental
Taxes and Green Tax Reform) o & 2“7 @ S sk p did
HABI(2008) o ¥ S i RE L E & N a RS o ATH Y L 1 FHGEEFY il R E R E PFL
T o
Boulding, K. E. (1966). The economics of the coming spaceship earth. Environmental Quality in
a Growing Economy. Baltimore: RFF/ Johns Hopkins University Press, 3-14.
International Energy Agency (2010). Key World Energy Statistics 2010. Paris: International
Energy Agency.
ISO Central Secretariat(2011). Win the Energy Challenge with ISO 50001. Switzerland:
International Organization for Standardization.
The World Business Council for Sustainable Development (WBCSD) and World Resources
Institute (WRI). (2001). The Greenhouse Gas Protocol A Corporate Accounting and Reporting
Standard. Switzerland: WBCSD.

59



G e L
Lo AgE TRk B ERgE-F iFagic cnpt B ¢ > AR R A i RIFE > 20120 F
35-

Frcl A € 40F i 7 B 42 $ 2 BEHEF (Carbon Label) > 2008 -

e O é » T PAS 2050 i‘ﬁ.ﬁa e ;}F' @ -4 @ 'J;I%' B S AePRAR gl K g > 2008 -
Mg TAERRR TR R, PR IREE FHERTE > 1 PR
2007 -

Frclate i W% o 5% A SR X T U4 hitp:/cfp.epa.gov.tw/carbon/defaultPage.aspx
7. wEEZIREICTRAREFAAP FEIHEBELSR 0 2RBES LA €7
7] > 2011 » F 82-83 -

mp? R RSP TR ﬁV%“#‘»‘ﬁ‘%':ﬂ?% P30 2010 o

9. Bkt o TRARERAIR 3 7 ES > AP AR 0 20100 A4 R -

10. E4Fi=>0 23k4 e B-S B E 020 2 X TRk % 387 82007 F 254-256 ©

2
R -8~ Fi by " o gy R RS A H R E 0 2009 0 |40 o
3
4
5

.O\

*

11 887 iz 2 F 2 e dhny T ¢35 8- RIEE R P 7 H 2 LR 5 7(2007)

12 ppEd e i T2 fF M g3 ka4 0 §3ATARTT - 5 A > 2010
F 3031 -

13. B3 7% »TERP $ ¥ FiRRH-Ewme B % o A2 %G T2 7(2006) ©

14, 322§~ g e 2 > TiefF ERP & 4‘, ¥ //:a LAl € P 0w AR TR AL(2006) ©

15. Wu, H.H. and Hsu, T. F., “A study of CFL Evaluation Method for Manufacturing Plants”,
International Conference on Engineering and Business Management (EBM 2012), March
26~28, Shanghai, China, 338-342(in Chinese).

16. Limnios, E.A.M., Ghadouani, A., Schilizzi, S.GM. and Mazzarol, T., “Giving the consumer
the choice: A methodology for Product Ecological Footprint calculation,” Ecological
Economics, 2009, 68, 2525-2534.

17. Finkbeiner, M, “Carbon footprinting — opportunities and threats,” International Journal of
Life Cycle Assess, 2009, 14, 91-94.

18. Wu, H. H., “The Issues of the Carbon Footprint Label Calculation from the View Point of
Engineering and Business Management,” International Conference on Engineering and
Business Management (EBM 2010), March 25~27, Chengdu, China, 3381-3384(in Chinese).

19. 2012 Carbon Disclosure Project https://www.cdproject.net/en-US/Pages/HomePage.aspx

20. Wu, H. H., Lee, C. C., and Kan, N. H., ”’A Study of Integration of ERP and Carbon Footprint
Labels,” Modern Management, Vol. 1, No.4, 294-302 (in Chinese) .

21. Singh Wahla, Ramnik. ,AICPA committee on Terminology, Accounting Terminology Bulletin

No. 1, Review and Résumé.
22. Magal, S.J., and Word, J. (2010),“Integrated Bussiness Processes With ERP System”, John
Wiley & Sons Inc.

60



FEE B MR FTAREE R ST SR A RAE S o

RIF(1985) o fAAE S B F B EEZ > LA A BRI ERA

& F(2009) - TFT-LCD £ £ 7 RABFZF i 2 & AR ptms - ¢ ExFa
¥ifed pAPEE L ATHD o

AT 1(1998) o Ho AL 28k B 4702 o ok L SLE 7] > 4(1) > 59-72 -

Almannai, B., Greenough, R. & Kay, J., (2008). A decision support tool based on QFD and
FMEA for the selection of manufacturing automation technologies. Robotics and
Computer-Integrated Manufacturing, 24(4), 501-507.

Chang, P. C. & Wang, Y. W. (2006). Fuzzy Delphi and back-propagation model for sales for
ecasting in PCB industry. Expert Systems with Applications, 30, 715-726.

Fowler A. (2009). Leading the way in low-carbon vehicles, Energy leadership council senior
specialist one north east, Stella House.

Ishikawa, A., Amagasa, M., Shiga, T., Tomizawa, G. Tatsuta, R. & Mieno, H. (1993). The
max-min Delphi method and fuzzy Delphi method via fuzzy integration. Fuzzy Sets and
Systems, 55(3), 241-253.

Lee, A. H. I. & Lin, C. Y. (2011). An integrated fuzzy QFD framework for new product
development, Flexible Services and Manufacturing, 23, 26-47.

Lee, A. H. I, Kang, H. Y., Yang, C. Y. & Lin, C. Y. (2010). An evaluation framework for
product planning using FANP, QFD and multi-goal programming. International Journal of
Production Research, 48(13), 3977-3997.

Saaty, T. L. (1980). The Analytic Hierarchy Process. New York: McGraw-Hill.

Saaty, T. L. (1996). Decision Making with Dependence and Feedback: The Analytic Network
Process. Pittsburgh: RWS Publications.

Sage, A. P. (1977). Interpretive structural modeling: Methodology for large-scale systems. New
York: McGraw-Hill.

Warfield, J. N. (1974a). Toward interpretation of complex structural modeling. IEEE
Transportation Systems Man Cybernet, 4(5), 405-417.

Warfield, J. N. (1974b). Developing interconnection matrices in structural modeling. |EEE
Transportation Systems Man Cybernet, 4(1), 81-87.

61



ST RS T AR SRR R 7 s

Qﬁ%ﬁﬁﬁiﬁﬂmm’rﬂ&iﬁwa—ﬁﬁﬁ%J’§5§ﬁ}ﬁ%?3%$%’

e ht o http://greentransport.iot.gov.tw/greenindex.aspx# °

223 FR(2012) 0 TR AP D gmE ol o LN eyt
http://www.motc.gov.tw/mocwebGIP/wSite/Ip?ctNode=550&CtUnit=94&BaseDSD=16&mp
=] o

3.M. Zarkadoula, G. Zoidis, E. Tritopoulou (2007), “Training Urban Bus Drivers to Promote
Smart Driving: a Note on a Greek Eco-driving Pilot Program,” Transportation Research Part D,
Vol.12, No.6, pp.449-451.

43782008 "H*#H>FEFTALEERFZEARBTLILFIHEFIL > K
AR BERIET TR LR o

S S (2006) TRFRE T EE R G 0L EFE LR 0 WL SH L F L E R

1AL o

6.8 £xida(2006) > "iF * FALER Th B TR ;}gm« N TR BN EEERA R VT
EY ’?Iﬁ'—i.&ﬁﬁz 1 A= %Lﬁ%}’ﬁﬂ% ﬁ%ﬁigﬁﬁ’““riﬁ:{; v e

1%$%@%®’r?%%"—ff%ﬁ~P”ﬂiﬁ*§ﬁ?*& BB
P e AR Y | > M i A EE @IP’”#EﬁJ E R

8.4F & 2 %(1997) > r‘“\E&I R 3o F i ﬁsa],J RERREHEHT RN RNEERB(ZF)F 2R
BEREY o L PNiE %P“wi~ﬁz?§$ro

9.E. Taniguchi, R.G. Thompson, T. Yamada, R.V. Duin (2001), “City Logistics —Network
Modelling and Intelligent Transport Systems, Chapter 5: Impact models,” 1* Edition, Elsevier
Science Ltd., pp.85-100.

10.P.F. Everall (1968), “The Effects of Road and Traffic Conditions on Fuel Consumption,”
Ministry of Transport, TRRL Report LR 226.

11.H. Yamada (1980), “Fuel Consumption of Automobiles: Experiment and Analysis of Results,”
Civil Engineering Journal, 14(2). (In Japanese)

12.J.P. Roumegous et al. (1979), “Consommation d’Energie dar la Circulation Routiere,”
Institute de Recherche des Transport-CERNE, Note d’Information, 14, Lyon.

13.E.E. Pelensky, W.R. Blunden, R.D. Munro (1968), “Operating Costs of Cars in Urban Areas,”
Proceedings of the 4th Conference, Australian Road Research Board, 4(1), pp. 475-504.

14.E. Ericsson (2001), “Independent Driving Pattern Factors and Their Influence on Fuel-use and
Exhaust Emission Factors,” Transportation Research Part D, Vol. 6, pp.325-345.

15.R. Ooishi (1996), “Planning Methodology for New Freight Transport Systems in Urban
Areas,” PhD dissertation, Kyoto University. (In Japanese)

16.http://www.mlit.go.jp/road/ITS/2002HBook/section1/index.html o

17.'%?\]3::,%’ :—}_vﬁ“m ’ __E;Z(PL_ ’ 5.ELQ=}7 ’ _E;ﬁ'é_:_' ’ ’F;;‘IA"I ) 4%}?@_7" }}iﬁg ’ QJ3,I ’ i/’ﬁg:
oo AR 0 B E  E oA 0 £ EaE > EFRQ008) 0 TAEE Y B TR

SEEE 27 (13), > MOTC-IOT-96-MDB004 » % i 388 452 § 7 & 16F7 § - h 47 4

62



181 - B » RS E(1998) » TEHIM A AT 2 2 F e K2 ndl, 0 i
FUE A ] A o

mwmgi@m@’r MRS EEFMPER A RN R, R
fis\ﬁsﬂlﬁﬂ’“wb TR EFEL

._\)

e r

£

20.% F 35 %(2005) 0 A EAER L AITS)HE R RE B LR F F WM T2 2 E =6 (%
S ER) ) RAERE T PR

21.% § 3% %(2006) 0 " A E)E @V¢4H$+$]nw£ﬁ BEF P s (%
:3#)1’*ﬁ€§ﬁpf%€ﬁpfﬂi$?°

22¢ FAFLABP R EEE (2003) T A b Rk T E oW AERE
R J}if]‘T"LL I ey Eal-

2317 btk B R % (2006) 0 TR 1B % F G A pEE | o

24. (Frcta e B R F(2006) 0 "z F S4B LM TEDSS.15% ) o

25.C-Y. Chang, Y-R. Chou (2009), “Development of Fuzzy-Based Bus Rear-End Collision
Warning Thresholds Using a Driving Simulator,” IEEE Transactions on Intelligent
Transportation Systems, ISSN: 1524-9050, Vol. 10, No. 2, pp. 360-365.

26%%i’3&ﬂ’m%mgmﬂ "L 23 GpPRET FAZBFER R, 0 ¢ &
N i %( ) % 398410 -

27332 3 o R BAE(0060) 0 TF @ oA RBI PR FRE REFET S TR G2
f*akggb%/v\%‘u ’Lﬁgﬁm > %Lt AX s 5 - % 161-182 F o

28.5kiE R o @ ‘EI€(2006) "BEORAETIPRI N F REIENLER ) o P B
WEIR S %= %' xR =8 % 93-109 F -

29.C-Y. Chang, C. Chang, C-F. Lin (2008), “A Driving Simulation Scenario for Developing a
Bus Car-Following Model,” Presented at the 10" International Conference on Applications of
Advanced Technologies in Transportation (AATT 2008), CD Proceedings, Pages: 15.

30.C-Y. Chang, C-C. Li (2008), “Visual and Operational Impacts of Variable Speed Limit Signs
on Bus Drivers on Freeways Using Driving Simulator,” The 3™ IEEE Asia-Pacific Services
Computing Conference (IEEE APSCC 2008), CD Proceedings, IEEE Computer Society Press,
pp. 1453-1458.

3132 7 0 X £(2008) 0 T FiE 2 ﬂ FIEHAZIEREALEER LT
#&FiJ’ﬂ&%Wﬁ%ﬁg £ ETFERNEEIRHFHEHR F 0 % 2735~2752
T oo

32.C-Y. Chang, C-H. Wei (2008), “Visual Simulation Design for the Bus Driving on Freeways
by Utilizing the FaceLAB System,” Presented at the 10™ International Conference on
Applications of Advanced Technologies in Transportation (AATT 2008), CD Proceedings,
Pages: 12.

3353 > 24 £(2007) 0 TEE

FPN

?f;r»‘ "PB%“"’& FRACHRAR I Bk Suf * A ARAE At 4
2 ¥ ’v’@'gi‘”ﬁé’ﬁ )

LS
R $ 7190 F -

P =

63



34.C-Y. Chang, T-W. Chang (2009), “Parameters Analysis for an Intersection Bus-Pedestrian
Collision Warning System,” 2009 IEEE Asia-Pacific Services Computing Conference (IEEE
APSCC 2009), CD Proceedings, Institute for Infocomm Research, pp. 239-245.

35.GEEF 3 52010) THEARANRLFRECEHA B EREREL LR
R sy 0 @:'ﬁﬁl%é’ﬁ ' E - B 528 % 43~66 F o

36.C-Y. Chang, C-Y. Yuan (2011), “A Simulation Analysis for the Installation Influence of
Warning Signs on Bus Drivers under an Intersection Bus-Pedestrian Collision Warning
System,” Presented at the 11™ Asia-Pacific ITS Forum and Exhibition 2011.

37.C-Y. Chang, C-H. Wei (2011), “The Impact Analysis of Roadside Advertising Content on Bus
Driving Behavior on Freeways Using a Bus Driving Simulator,” Presented at the 11"
Asia-Pacific ITS Forum and Exhibition 2011.

38IRU  (2010), “Eco-driving  Safely for Buses and Coaches,” website:
http://www.busandcoach.travel/download/best_practices/en/english_bus.pdf.

39.SBD (2010), “Telematics and Eco-driving,” SBD Telematics and ITS Research, website:
http://social.telematicsupdate.com/files/report SBD55 2020 Ec0%20driving%?20information
%?20bulletin.pdf.

40.P. Kompfner and W. Reinhardt (2008), “ICT for Clean & Efficient Mobility,” e-Safety Forum,
Final Report.

41.5% 2 R"Z 1 42

)

PARR AL P F(2010) 0 T A dmd A R ASEE F F MR LA
i — 'l = .‘:‘;t’

TR LB, o REFWEHE AL TR D RFL
MOTC-IOT-99-PDB001 -

42.C-Y. Chang, J-M. Su, W-C. Ho (2012), "An Application of Data Mining to Bus Eco-driving
Analysis," 2012 International Conference on Computer and Management (CAMAN 2012),
Vol. II, CD Proceedings, pp. 1624-1627.(NSC99-2632-H-216-001-MY?2)

43.C-Y. Chang, C-H. Wei (2012), “The Safety and Fuel Saving Effects of a Signalized
Intersection Warning System for Bus Driving,” 2012 International Conference on Future
Information Technology and Management Science & Engineering, Information Engineering
Research Institute, pp. 62-70. (NSC 99-2632-H-216-001-MY2)

44.C-Y. Chang, C-H. Wei (2012), “The Safety and Fuel Saving Effects of a Signalized
Intersection Warning System for Bus Driving,” Lecture Notes in Information Technology,
ISSN: 2070-1918, Vol. 14, pp. 62-70. (NSC 99-2632-H-216-001-MY?2)

45.33% 3 (2011) - " # & WAVE/DSRC &8> v 2 8 i A g zhyr 4 ;| > BFR s >
PRI 4 1 4R B

64



FPES B GPETIRT A

Atasu, A., Sarvary, M., & Van Wassenhove, L. N. (2008). Remanufacturing as a Marketing
Strategy. Management Science, 54(10), 1731-1746.

Bandura. A. (1986), “Social foundations of thought and action, a social cognitivet heory,”
Prentice-Hall, 390-453.

Becker MH. (1974 ) . The health belief model and sick role behavior. Health Education
Monograph ,2 (4) , 409.

Becker MH, Drachman RH, Kirscht JP. (1974). A new approach to explaining sick-role behavior
in low-income populations. Am J Public Health, 64(3) ,205-216.

Coddington, W. (1992). Environmental Marketing . McGraw-Hill: New York.

George, S., Cameron, M. & Japhet, N. (2010). Do Consumer’s Environmental Attitudes Translate
into Actions: A Five Nation Cross-Cultural Analysis, Society for MarletingAdvances, 8,
197-202.

Fisk ,G. (1974). Marketing and the ecological crisis. London: Harper and Row.

Fuller, D. (1999). Sustainable marketing: managerial-ecological ssues. CA:. Thousand Oaks.

Henion, K. E. (1976). Ecological marketing american marketing association. Journal of
Consumer Research, 8(3), 339-342

Henion, K. E. (1972). The effect of ecologically relevant information on detergent sales. Journal
of Marketing Research, 9(1), 10-14.

Henion, K. & Kinnear, T. (1976a) Ecological Marketing. Columbus: OH.AMA,

Janz, N. K. & Becker, M. H. (1984) . The health belief model : A decade later. Health
Education Quarterly, 11(1), 1-47.

Kangun, N. (1974). Environmental problems and marketing: saint or sinner? Marketing Analysis
for Societal Problems, 250-270.

Kassarjian, H. H. (1971). Incorporating ecology into marketing strategy: the case of air
pollution. Journal of Marketing, 35, 61-65.

Kinnear, T. C., Taylor, J. R. & Sarundin, A. A. (1974). Ecologically concerned consumers: who
are they? Journal of Marketing, 38(2), 20-24.

Koulaidis, V., & Christidou, V. (1999). Models of students’thinking concerning the greenhouse
effect and teaching implications. Science Education, 83(5), 559-576.

Marcus, B.H., Banspach, S.W., Lefebvre, R.C., Rossi, J.S., Carleton, R.A.& Abrams, D.B.(1992).
Using the stages of change model toincrease the adoption of physical participants. American
Journal of Health Promotion, 6(6), 424-429.

Mintu, W. A. & Lozada, H. R. (1996).Green marketing in a unified Europe. Binghamton:
International Business Press.

Perry (1976). Social marketing strategic: conservation issues and analysis. Goodyear: Pacific
Palisades.

Prochaska, J. O., & DiClemente, C. C. (1983). Stages and processes of self-change in smoking:
Towards an integrative model of change. Journal of Consulting and Clinical Psychology, 51,

65



390-395.

Smith, T. (1998). The myth of green marketing: tending our goats at the edge of apocalypse.
Canada: University of Toronto Press

Charter M. (1992). Green marketing : A responsible approach to business. Green Leaf, 36, 36-38.

Peattie, K. (1992). Green marketing . London: Pitman.

Rosenstock, I. M. (1974). Historical Origins of the Health Belief Model. Health Education
Monograph, 2(4), 328-335.

Van Dam, Y. K., & Apeldoorn, P. A. C. (1996). Sustainable marketing. Journal of
Macromarketing Fulll, 16(2), 45-56.

Vries HD, Dijkstra M, Kuhlman P (1988). Self-efficacy: The third factor besides attitude and
subjective norm as a predictor of behavioral intentions. Health Education Research Theory and
Practice. 3(3): 273-282.

Zikmund, W. G. & Stanton, W. J. (1971). Recycling solid wastes: a channels of distribution
problem. Journal of Marketing, 35(3), 34-39.

ELX(1994) 57 JRF R EZFAT—NAGHE FHZ > F IR LH? R
g ,i,;% L R

TR R99T)e SATF R FL gt T E L T TSI R AT A IR L
v 0 R = %'giﬁ'ﬁiﬁlﬂ’”% » FTTH o

F#®R(2000) c Bl FI S PR EF LAWY VELARFTT - R E RN A
BERV L0l ARAEAFPELL§ 4L AR EFL R0 BIF T 3B
89-2815-C-003-014-S) » & d145% o

BB Q008) e AR | FFABGLEFFFREF T F P BRI T A 27 0 R
MR Z Lm0 WA RTY S %%‘%ﬁl’??i%lﬁ’* Ao LAt e

R 40(2009) S 2 7B BT DIEBE T A R DTEE T T E AT o AR

1@ R A FA BRI S e

i 2(20060) S P A) Y FALER G PO EREE T2 AR LW
LG SAERRTE AR G0 o

A HHE(2000) o & AFFERFPEE TR RATF G B [FE2AF—IFRR R G A
IR L R LA ERB IR AT ¢ ﬁﬁ

FRi(1997) o RaeFlZ Rt d YR e T2 -0 g i R E P E R e A
W2 ALY 0 BT AP A F AR o

FA50Q003) e oA BETF B KEFES PR ERELEFTEZAL  AIRZA L HmY o YR
g;:,ag 25 & ¢ A o

3 REQ007) F) MELKFTR? FRARAEREKTZ FHFAT o R IRZL 2 W
ERERT AL ERERTEL T FED o

FER(2010) o &7 BPEG HG KR FE ST R T RKT A AR AL
Eo RN Ny g “‘;;‘:'F:I‘i'ﬁﬁ AT FTT R o

FIERPIE L2 (1989) iR AN ahw Rz gt o ¢ EfEis o 9(3)0 123-137 -

66



R e EBATE~ 5482 p 72

%ﬁﬁﬁ"'p\zsw;i%ifﬁ?ﬁﬁ)iww ﬁw%ﬂr RNy N R S B (R

hﬁA%wAK\aa~@m~ FRE- HEELT ) LB L LR LR
PR ARHERARG FHEEE oo e g -

L g p FER;EAPGAERRE - E3FFH P RITRIT- FETR

| EEEE

[0 &2 p i (GRem > 2100 F 590)
[] #5%&4pc
(] Fl&f sy ¢
(] & k7

B

ARCENEE - Vi Rk S o R
se W FE x5 BERY O
B4 e & Y ¢ L&
wg e #H [t ai» LIE
Hu (12100 % 5)
AR HEAPTNR K FHEH 185
R
1. Horng-Huei WU, Chia-Chu Lee, Neng-Hao Kan, 2011, ” A Study of Integration of ERP and Carbon
Footprint Labels,” Modern Management, Vol. 1, No.4, pp. 294-302.
2. Chun-Yu Lin (student), Amy H. I. Lee, He-Yau Kang, 2012, “An integrated new product
development framework— an application on green and low-carbon products”, submitted.
RN
1. Sang-Bing Tsai, Yu-Cheng Lee, Chia-Huei Wu and Kai-Li Lo (2011), “A comparison study on the
evaluation criteria for corporate social responsibility”, 2011 International Conference on
Management and Service Science, 1-5, Wuhan, China.
2. Yong-Chi Chang, Yu-Cheng Lee, Sang-Bing Tsai and Shao-Bin Lin (2011), “An overview of the
stakeholder approach -maintaining and building the effective relationship management for value
seeking strategies”, 2011 International Conference on Management and Service Science, 1-4,
Wuhan, China.
3.  Chun-Yu Lin (student), Amy H. I. Lee, March 22-24, 2011, “New product development for green
and low-carbon products — A case study of Taiwan’s TFT-LCD industry”, The Conference on

Engineering and Business Management (EBM 2011), Wuhan, China, pp. 1699-1703. (in Chinese)
(ISTP Conference)

4. Chun-Yu Lin (student), Amy H. 1. Lee, July 25-29, 2011, “New product development for green and

67



10.

11.

12.

13.

14.

15.

16.

17.

low-carbon products — a case study of a TFT-LCD manufacturer”, Applied Mathematics, Modeling
and Computational Science Conference, Waterloo, Canada, pp. 252. (EI Conference)
Amy H. I. Lee, Jia-Zhen Wang (student), Chun Yu Lin (student), Mar. 26-28, 2012, “Supply chain
management for green and low-carbon products: a case study of TFT-LCD industry,” 2012
International Conference on Engineering and Business Management (EBM 2012), Shanghai, China,
pp- 3589-3593. (in Chinese) (ISTP Conference)
Amy H. I. Lee, He-Yau Kang, Chun Yu Lin (student), Hsin Wei Wu (student), July 28-31, 2012, “An
evaluation model for green and low-carbon suppliers,” The 9th International Conference on
Informatics in Control, Automation and Robotics (ICINCO 2012), Rome, Italy, pp.604-608. (EI
Conference)
Horng-Huei Wu and Teng- Hui Tsai, 2012, “A Study of the feasibility of ERP in Small company”,
International Conference on Engineering and Business Management (EBM 2012), Shanghai, China ,
March 2012, pp.343-348.
Horng-Huei Wu and Tzu-Fang Hsu, 2012, “A study of CFL Evaluation Method for Manufacturing
Plants”, International Conference on Engineering and Business Management (EBM 2012), Shanghai,
China, March 2012, pp.338 -342.
X A B 2012, T Al ¥R ERP R AL 4R ), 2012 E4 GARB L EaSL 4 By
PR Ewm g;(USB) 5% 18p, ¢ &= § 2012GCR 127, pp.1119-1125.
X A%J»M HAEE,2012, T & e 78 22,2012 B4 GAREB L EaA 4 By
°ERF €W F(USB),5 " 18 p, ¢ &=+ &, 2012GCR 115, pp.1037-1044.

C-Y. Chang, J-M. Su, W-C. Ho (2012), "An Application of Data Mining to Bus Eco-driving
Analysis," 2012 International Conference on Computer and Management (CAMAN 2012), Vol. II,
CD Proceedings, pp. 1624-1627.(NSC99-2632-H-216-001-MY2)
C-Y. Chang, C-H. Wei (2012), “The Safety and Fuel Saving Effects of a Signalized Intersection
Warning System for Bus Driving,” 2012 International Conference on Future Information
Technology and Management Science & Engineering, Information Engineering Research Institute,
pp. 62-70. (NSC 99-2632-H-216-001-MY?2)
C-Y. Chang, C-H. Wei (2012), “The Safety and Fuel Saving Effects of a Signalized Intersection
Warning System for Bus Driving,” Lecture Notes in Information Technology, ISSN: 2070-1918,
Vol. 14, pp. 62-70. (NSC 99-2632-H-216-001-MY?2)
U FAHE 0 FHFQOID) T HGA R A2 ET-VRAP FE P 5 572011
F R R H A T R R TRE G ERF TS 90-1000 BB 48 ]
Bt 2011 & 67 -

T EE~Fx8Q010) "EEAE FEEFIE R 2011 # 12 £ 7 U 5 FEE TR E

71 g 0 367-371 > = %:}iJh‘é?Fm CRTHER > 2011 & 6 o
Z a8~ U A" E(2011) * DEMATEL #8831 % ¢ * B #m S FE2 FI& M 27
2011 #aZ ~  E& 5 W”‘é‘*ﬁfﬂ’y‘g” » 278-288 » P ATHL < o ATFRL 0 2011 & 5 7 o
AR WA :j—'ﬁ o EH T 2011) 0 E* R AT FER RN E &SRR KT 7 2011 & - A&
E R PRI E 0 12160 Ba < F o FEFIEL 0 2011 & 4 7

68



‘ﬂa

18 fhoof s 3 A8 T BRQOI0)EFRET TRk B2 L 2010 £ < K E £ #
A i BB P § 0 4636-4656 0 ¢ B4 B 5 377 5 2010 £ 47 o

3. kAT R A —T‘r\ﬁ_g,ﬁz,fg‘:l;"% BooERAT AR ENS T B (R AR
”Lrllﬁz\\,g,a\lﬁ B~ PBAe- HF B2 T ) (12500 3F 52)

-

FPE - MAREARERT *ﬁ“ FiREeFE fﬂiﬁf_%‘r%%ﬁ
AR Y EE N EAL LR ATHMCSR 2 TR G g BMRGANIAA T EH - B2
fh2 i sufr 2 CSR ARttt » e i— BiRE® ~ 2 2 12 CSR = 2 2 » 5 »cd 370

£ FEACSR 2 H 7> UL f FAHCSR A2 mmP el * w TEHHCSR 2.5 i3
Lo VR G S op =l S g o) —‘F%(izr"i" iy %” CERERE )R aCSR g

FEC AP AT R R F e
A E B R AT - OO S R RS B AR T i R i
i 2 S et e TRoAp BE FLER 2 R é’ufi’ﬁ“?f‘%@ NIl AN Pl gkt B kA ¥
B S L ATRCRMS 18 R B R fLAR M RAT e A AT

DO R 2R e R RN 2 g

W e

AP TRAB YRS AL SRS e B B2 1 R R RETE 1R 6 R 2

st e B e i 2 R pR BB I RuE T2 B0 0 T oRIR R R R -

TR R B RPN SRR 2 BN R RE B MARE I R TS %Y o

& It

(2) HHEIAT
%P”%ﬁuxlﬁﬁﬁﬁﬁﬁilﬁﬁgﬂﬂﬁ’bf 1 ARG 2 ERP kst 7
frbllfilﬁal}\ﬁp Sl‘f-‘."f?*’#ﬁ{,}zlfiﬁlig SHLRE o TR W ORE M 1 R TR

>R EPLATE 1 RO € AR TR AT - T K RELE FED F SN N L

" w» r+

1R 1RGP AR IR B0l @ BRI R 2 L
A 1 RGR A SRR R A 3 RGRATL R 2 A SRR T i
ST PG 6T RS SRR LT - TSR
HART G g% g o e f E R HRIERFIR DL R R Bt
- Fa R R R R e
THE T E R SRR SR Y et R A L0
A g B EFTE R~ 4 ARG s R " %}ﬁﬁi geeiyyEy o A2
LR A SRR TR SRR A o F A% R MR RIS R o A AP B
A GG ot 2R E E P § LR Bt G A B Gl Y B0
LR BT 4p A5 ehE £ o B2 AR ﬁ‘.&j\l %ﬁ% kAR B )@4@3 # i d ;{;‘&m
TLs ] o fe H D R P B R 2 SRAT S wf Eda? T E o AT AP IR PHE
O P - FEAEFAI et %~ ME 2 ATA & B % (New Product Development, NPD) % i
BEREFEHRD S G E UL 5:{%61?;%6 e
—”};‘Lg,{:]?ijlgi; TR MBI A TR R R TS B2
#

)

(e irs » 27 FELEENFE 248 &

ES
=L
fé_

S

&

In“

4.

L %‘%ﬁf‘ ~ WAVE/DSRC % 4 i H jirz

"M-

69



R i A e ﬁ*££?ﬁ?ﬁ%ﬂ'r»%ﬁ#w%gT\aiAww
fﬁ%ﬁx%ﬁ?%ﬂwﬁ?@Tiﬁ%W VR R R T R BRI

Gl G AP RE RS2 AR ARG RIS R E L R

PEA S LRT A
PR AR ELMRIR RS TR R HES Y M § e E
B iFend ¢ 2 7L F Ao 4o i 75 2R T 2 HI318 A RHR B e TR %
e BA RPN RRETHEL T BN WA R AER RS R TS
FHREEEEREF OGS Y F‘?I’s';’l'éé c AT L F LIRS /?“i/‘?“gfmfkgi
Pt d B amirs BABT S L PIWR - i AR LRSS s

FEGLDFEERG > DR B2 ARSS PR EIE RETFLKT AT E
FR AR EEERNA P B o

70




ST ES RE P IS RY FFD Y T FE T S

101 & 047 09p

At % 5l iagdis RS RN
kil

Eﬁﬁ? z i s A
€ £ 2012/03/26 - 201.2/03/28 :.ﬁtj ~ NSC 99-2632-H-216-001-MY2-2-4
Ny Shanghai, China A B4 F B
£ (%) 2012 142 frf ¥ ¢ ER'FHIITE R
. o (¥ =) 2012 The 3rd International Conference on Engineering and Business
ik Management (EBM 2012)
G (¢ %) $¢ 2 Mpk2 i dlE T 2 2 -0 TFT-LCD iy & &)
o~ (¥ =) Supply Chain Management for Green and Low-Carbon Products — A
B Case Study of TFT-LCD Industry

4R RS IIL
- e g

The 3rd International Conference on Engineering and Business Management (EBM
2012)*+ 2012 # 3 % 26 2 28 p > P WP AFEF o FMEZ GBI AR L s
ABEE PR EERDBPE s w2 s R E R A4 FREE CERP~ it hE
) %“9:’3—-1;' FoFIFAE e v PR E R A2 Y o A € (EBM2012) 5 3 %

£3 10K FRAASZ APMHm > F 4 o AA S8 0 a7 » SF L3P 5 “Supply Chain
Management for Green and Low-Carbon Products — A Case Study of TFT-LCD Industry” » ",%
TrERARA ks s W g&;‘;—§—§z’v’ﬂ;}%f{§: N fiéi&ﬁ&éﬁﬂirr§§—*ﬁj PR s Y
T fR%% 4 TFT-LCD &7 A k2 % E 484 o

fw:ggwm—i%w LA A ERERIY REA s MR T e
EAY FIRTE AL AR EER Y 0 R %*§Méi$h
’f@ﬁ’f L ’fs_}\’ng,'%;é'nhf@ﬁyg fﬂﬂi,\,’%*’%j\sb,‘?; L_FZZ'Y@;’* B
{#&,J % n,.f?‘r;-,'a R O Jg [EEN 7@%&1’ L}f"rb_& Y v #\iﬁgﬁi’? 2
Jfﬂ c R ERIFL Y BT R IR PRSI MRARE TR BT > R y;;»;
TR S L "49; T2 REEAATITR Y 2 Bl o ERET AR

-
7m

t&v \"

v?ﬂ .
R I%

m@:ﬁv

CHEE TR AR

l.Conference Program: The 3rd International Conference on Engineering and Business
Management (EBM 2012).

2. CD of the proceedings.

% Y04



s Scientific
2012 International Conference on Engineering and Business Management *3% Research

Supply Chain Management for Green and Low-Carbon

Products
——A Case Study of TFT-LCD Industry

Amy H. I. Lee*"?3 Jia-Zhen WANG?, Chunyu LIN?
'Department of Technology Management, Chung Hua University, Hsinchu, Chinese Taipei
’Ph. D. Program of Technology Management- Industrial Management, Chung Hua University, Hsinchu, Chinese Taipei
*Department of Industrial Management, Chung Hua University, Hsinchu, Chinese Taipei
Email: amylee@chu.edu.tw¥*, jiazhen@cyhs.tcc.edu.tw, d09803006@cc.chu.edu.tw

Abstract: Some advanced companies have already adapted to the trend of green supply chain before envi-
ronmental policy was in practice. In a conventional supply chain, companies usually focused on cost, delivery,
and quality, because they are the most important criteria for success. However, due to the change of envi-
ronment, the rise of environmental consensus, and the concept of green supply chain, the traditional supply
chain must be extended into a green supply chain. In addition to the traditional players, including manufac-
turers, suppliers, distributors, retailers, and customers, in the supply chain recyclers and wastes processors
must be included in the green supply chain. Therefore, the environmental issue has to be examined from
product design to the end of lifecycle in a whole supply chain. Environmental protection and sustainable
development have become more and more important factors of business operation. Enterprises must focus on
environmental protection and social responsibility to extend product lifecycle and business development.
Generally speaking, being a green supplier is every manufacturer’s social responsibility. Companies should
understand that there are different techniques and capabilities between traditional and green suppliers. Carbon
footprint is a good measure of the impact that a product has on the environment, especially in climate change,
in the entire lifetime of the product. Carbon footprint is directly linked to CO2 emission. Thus, the reduc-
tion of CO2 emission must be considered in the product life cycle. While more and more researchers are
working on the green supply chain management in the past few years, very few have incorporated CO2 emis-
sion or carbon footprint into the green supply chain system. The research aims to propose an integrated
model for facilitating the supply chain management for green and low-carbon products, and a case study will
be carried out on a TFT-LCD industry. To reduce the failure rate of a new product, a firm needs to select
the right suppliers that not only can satisfy the basic requirements, such as cost and quality, but also can pro-
vide green and low-carbon materials. The goal is to construct a green and low-carbon supplier evaluation
model. The attributes that a green and low-carbon supplier should have will be analyzed first. Fuzzy ana-
Iytic network process (FANP) model will be incorporated with the benefits, opportunities, costs and risks
(BOCR) concept next to evaluate various aspects of suppliers. By applying the model, the manufacturer can
find the most suitable supplier for cooperation and can provide recommendations to other suppliers that need
improvements.

Keywords: TFT-LCD; fuzzy analytic network process (FANP); fuzzy set; green supply chain; benefits;
opportunities; costs; risks (BOCR)
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Under a conventional supplier evaluation, cost, on-time delivery and quality are treated as the most
important factors. However, in today’s increasingly environmental conscious market with growing
demands of green products, more and more firms are aiming to manufacture green products to reduce the
damage to the environment and to limit the use of energy and other resources at any stage of its life,
including raw materials, manufacture, use, and disposal. Thus, a firm needs to select the right suppliers that
not only can satisfy the basic requirements, such as cost and quality, but also can provide green and low-
carbon materials. The goal of this research is to construct a green and low-carbon supplier evaluation
model. The criteria to evaluate green and low-carbon suppliers are analyzed first, and the most important
ones are selected. Fuzzy analytic network process (FANP) model is constructed to evaluate various aspects
of suppliers. By applying the model, the manufacturer can find the most suitable suppliers for cooperation.
Goal programming (GP) is applied next to allocate the most appropriate amount of orders to each of the

selected suppliers.

1 INTRODUCTION

Firms today have entered a slim profit-margin era
due to global competition and fast-changing
technology. In order to lower costs, raise profit and
attain core technology and competitiveness in the
supply chain, firms often needs to switch from arm’s
length purchasing transactions into some kind of
buyer-supplier partnership, such as contractual
purchase and cooperative relationship. The selection
of suitable suppliers for partnership is one of the
most important steps in creating a successful supply
chain and in attaining reasonable profits for a firm
(Todeva and Knoke, 2005). In addition, to confront
the global warming problem and the increase in
environmental consciousness, many countries have
devised various environmental protection policies.
For instance, with the Energy-using Product
Directive (2005/32/EC), the European Commission
has been addressing energy-using and energy-related
products which have a considerable impact on the
energy consumption in the market (Friedman, 2008).
International environmental issues have also built up
some technical non-tariff barriers to trade.
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Therefore, the communities are paying attention to
the environmental protection of the enterprises, and
international companies and original design
manufacturing (ODM) manufacturers need to start
promoting green products actively. The purpose of
this study aims to incorporate the concept of carbon
reduction and green environmental considerations in
designing a supplier selection model. The fuzzy
analytic network process (FANP) model is
constructed to calculate the weights of performance
criteria and to obtain the overall performance of
suppliers. By applying goal programming (GP), the
order allocation to the suppliers can be determined.
The model can generate a list of criteria which are
the most important for firms to assess the
performance of suppliers and to give directions for
suppliers to improve their performances.

The rest of the paper is organized as follows. In
the next section, the methodologies are introduced.
In section 3, a FANP/GP model is constructed. A
case study is presented next in section 4. In the last
section, some conclusion remarks and future
research directions are made.



2 METHODOLOGIES

2.1 Fuzzy Analytic Network Process
(Fanp)

Because analytic network process (ANP) can

consider the interrelationships among elements in a

problem setting, the use of the ANP instead of

analytic hierarchy process (AHP) has increased
substantially in recent years. To consider the
fuzziness and vagueness in the decision making
process, fuzzy set theory can be incorporated into
the ANP, so called FANP. An example of the
procedures for the FANP is as follows (Kang, Lee

and Yang, 2010; Lee, Wang and Lin, 2010):

1. Decompose the problem into a network.

2. Prepare a questionnaire based on the constructed
network, and ask experts to fill out the
questionnaire. The questionnaire will be
prepared based on pairwise comparison with
Saaty’s nine point scales (Saaty, 1980). Experts
are asked to fill out the questionnaire.
Consistency index and consistency ratio for each
comparison matrix are calculated to examine the
consistency of each expert’s judgment (Saaty,
1980). If the consistency test is not passed, the
original values in the pairwise comparison matrix
must be revised by the expert.

3. Aggregate the results of the experts’
questionnaires. The scores of pairwise
comparison are transformed into linguistic
variables by the transformation concept.

According to Buckley (1985) the fuzzy positive
reciprocal matrix can be defined as:

~i [~

A =[a} (1)
A" a positive reciprocal matrix of decision
maker £;
a, : relative importance between decision

elements 7 and J;
@, =1vi=jand G, :%“,Vi,jzl,Z, ...... o
i

If there are k experts Py, P,...., Py, every pairwise
comparison between two criteria has k positive
reciprocal triangular fuzzy numbers. Employ
geometric average approach to aggregate
multiple experts’ responses, and the aggregate
fuzzy positive reciprocal matrix is:

=[] @

~ % ~ ~ ~ Wk
where a, = (a,./'. ®a ®...0® af)

l/

4. Defuzzy the synthetic triangular fuzzy numbers
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~ % . .
a, =( X, yi]_,zl_/,) into crisp numbers.  For

instance, the center of gravity (COG) method can
be applied.

aU*:(x,,+yy+ZU)3 ’vi’j:1,2, ...... ,n (3)

5. Form pairwise comparison matrices using the
defuzzificated values, and apply software, such
as Super Decisions or Excel, to form an
unweighted supermatrix. Next, form a weighted
supermatrix to ensure column stochastic.

6. Calculate the limit supermatrix by taking the
weighted supermatrix to 2¢ +1 powers so that the
supermatrix converges into a stable supermatrix.
Obtain the priority weights of the alternatives
from the limit supermatrix.

2.2 Goal Programming (GP)

Goal programming (GP) is useful in dealing with
multi-criteria decision problems where the goals
cannot simultaneously be optimized, and decision
makers can consider several objectives together in
finding a set of acceptable solutions and to obtain an
optimal compromise (Lee, Kang and Chang, 2009).
The purpose of GP is to minimize the deviations
between the achievement of goals and their
aspiration levels (Chang, 2007). GP has been
applied in various studies. For example, an
integrated AHP and preemptive goal programming
methodology is developed by Wang, Huang and
Dismukes (2004) to select the best set of multiple
suppliers to satisfy capacity constraint.

The achievement function of GP is (Chang,
2007; Lee et al., 2009):

Min 3 w,(d +d;) o

st. f(X)-d +d =3g,5,(B), i=12,..n (5)

d,d 20,i=12,..,n (6)
SU.(B) eU,(x), i=12,.,n @)
X e F (F'is a feasible set) ®)

where d, is the deviation from the target value g, ;
w, represents the weight attached to the deviation;
d =max(0, f,(X)-g,) and
d” =max(0,g, — f.(X)) are, respectively, over- and
under-achievements of the ith goal; §,(B)
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represents a function of binary serial number; and
U,(x) is the function of resources limitations.

Based on the fuzzy theory, the highest possible
value of membership function is 1 for something
that is more/higher the better in the aspiration levels
(Charnes and Cooper, 1961). To achieve the
maximization of g,S,(B), the flexible membership
function goal with aspiration level 1 (i.e., the highest
possible value of membership function) is (Chang,
2007):

g,/SU(B) ~ Emin

—d'+d =1 9
gmax_gmin ( )

where g and g . are, respectively, the upper
and lower bound of the right-hand side (i.e.,
aspiration levels) of equation (5).

For a simpler calculation, the fractional form of
equation (9) is:

1 1 ‘g
—g,;,.S,.,(B)—fgman—df +d; =1 (10)

L

i i

where L, =g, — 8, -

For something that is less/lower the better in the
aspiration levels, the similar idea of maximization of
g,;S,(B) can be used to achieve the minimization of
g,;5,(B) . The flexible membership function goal
with the aspiration level 1 (i.e., the lowest possible
value of membership function) is (Chang, 2007):

& max _gz/Sij(B) _
Emax ~ Emin

d +d =1 (11)

where g, and g . are, respectively, the upper and
lower bound of the right-hand side (i.e., aspiration
levels) of equation (5).

The fractional form of equation (11) can be
converted into a polynomial form:

1 1 g
?gm —fgijSU(B)—d,, +d; =1 (12)

i

3 AN INTEGRATED MODEL FOR
FANP AND GP MODEL

The steps of the proposed FANP and GP model are

summarized as follows:

Step 1.Define the green and low-carbon supplier
evaluation problem, and construct an
evaluation network with criteria, detailed
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criteria and alternatives.

Step 2.Prepare and distribute a questionnaire. A
questionnaire with five linguistic terms, as
shown in Table 1, is prepared based on the
constructed network.

Table 1: Triangular fuzzy numbers.

L Membership
Linguistic .
. Fuzzy number function of fuzzy
variable
number
Extremely ~
strong 9 99
Intermediate g (78,9
Very strong 7 (6,7.8)
Intermediate 6 (5,6,7)
Strong 5 (4,5,6)
Intermediate 2 (3:4,5)
Moderately =
strong 3 234
Intermediate 2 (1,2,3)
Equally strong 1 (1,1,1)

Step 3.Prepare pairwise comparison matrix. With
pairwise comparison of criteria with respect
to the overall objective, we can obtain a

matrix (A,, ) for expert k:

¢ G c  C c
Gl 1 apyy e Gy
C 1 .....
’ Am ! ’ Dok
- : : : I e e e
A= | . . _
(e : : : 1 S (13)

where m is the number of criteria (C).

Step 4. Aggregate experts’ opinions and build an
aggregated fuzzy pairwise comparison
matrix.  Geometric average approach is
employed to aggregate experts’ responses and
to obtain a synthetic triangular fuzzy number
(Lee, 2009; Lee et al., 2009):

i,=(d,®d,®...04,)" (14)
where aiik = (li/k’tifk’uiik)

The fuzzy aggregated pairwise comparison
matrix is:
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(1 & - interdependency of the criteria, W, is a
Joo b g matrix that represents the impact of criteria
R T s on each of the alternatives, W,, indicates the
A< TP L g e (15) interdependency of the sub-criteria, and I is
. % Lo the identity matrix (Saaty 1996).
S Step 9. Transform the unweighted supermatrix into a
/&U %a o weighted supermatrix (Saaty, 1996; Lee,
Chen and Tong, 2008).
Step 10. Calculate the limit supermatrix.  The
weighted supermatrix is raised to powers to
obtain the limit supermatrix.

where @, = (ll/,t,/,u,,j)
Step 5.Calculate crisp relative importance weights
(priority vectors) for factors by adopting the

center of gravity.
Step 11. Rank the suppliers. The priority weights of

the suppliers can be found in the
alternative-to-goal block, i.e. block (4,1), in
the limit supermatrix.

Step 6.The consistency test (Saaty, 1980) is
performed by calculating the consistency
index (CI) and consistency ratio (CR). If the

consistency test is not passed, the expert will
be asked to re-do the part of the Step 12. Construct a GP model for the green and

questionnaire. low-carbon supplier selection and order
allocation problem. Set the GP model
O] = Pmax 1 (16) based on the results from Step 11 to
n—1 maximize satisfaction:
CR:% (17) Max Z, =g, %G, +g,%xG, +...+g,xG, (19)

Step 13. Formulate the GP model by adopting
equations (21) to (27) to minimize the

. ) ) : aspiration level of i™ objective. It is as
is the number of items being compared in the follows:

matrix, and RI is random index defined by
Saaty (1980). If CR is less than 0.1, the
threshold for consistency, the expert’s
judgment is consistent. If the consistency test
is not passed, the expert will be asked to re- m
do the part of the questionnaire. St LX) d] +d7 =) g,5,(B) =12..n  (21)
Step 7.Calculate the weights of sub-criteria, the a
interdependence among sub—cri.teri.a with SO0 d d =g™z +g™(-z)  i=12n 22)
respect to the same upper-level criterion, and
the performance of suppliers with respect to .
each sub-criterion using a similar procedure —(g™z,+g"(-z))-d, +d, =
from Step 3 to Step 6. L X
Step 8.Form an unweighted supermatrix. The local L& orgh
priority vectors calculated from Step 5 and 7 1
are entered in the appropriate columns of a
matrix, known as an unweighted supermatrix,
as follows.

where 4, is the largest eigenvalue of A, n

Min Z =3 24(dj +dy + Ly +d,)) (20)

i=l

=120 (23)

d',d ,d',d,,d,d,>0 i=12...n (24)

i T2

X eB (Bis a feasible set) (25)

Goal Criteria ~ Sub-criteria  Alternatives
Goal I
S=Criteria w1 Woy (1 8) Z, € {0,1} (26)
Sub-criteria W3, Wi3
Alternatives Wy3 I

where w,, is a vector that represents the 4 A CASE STUDY

impact of the goal on the criteria, W,, is a
matrix that represents the impact of criteria

on sub-criteria, W,, indicates the

A case study is used to examine the practicality of
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the proposed FANP with GP model. A committee
of experts in the IC industry is formed to define the
problem of supplier selection. A questionnaire is
constructed and is targeted on the experts in the IC
design company. Based on the collected opinions of
the experts and the proposed model, the performance
results of the suppliers can be generated. The five
criteria and their respective sub-criteria are listed in
Table 2.

Table 2: Criteria and sub-criteria of FANP.

Criteria Sub-criteria
Cl Cy; Low pollution
Purchasing C\» Material label
management Ci3 Recycling
C,; Modularization
C
Cy; Process control
Process
C,; Technology level
management - —
C,4 Process improvement capability
C;; Environmental regulation fulfilment
Cj3; Product quality control
C; C;; Capability of handling abnormal

products
Cj4 Delivery quality and date
C;s Quality certification
Cy; Internal education and training

Quality control

C C4, Green R&D design capability
Business -
management C,43 Pollution control
g C44 Regulation of harmful material control
c Cs; Production cost
5

Cs, Business cost
Cs3 Purchase cost

Cost control

S CONCLUSIONS

Green and low carbon supplier evaluation selection
and selection is a very complicated process
involving interrelationship among two or more firms
in a supply chain, and the process is multi-objective
in nature. This research thus develops a model for
fulfilling the task. Based on the selected criteria and
sub-criteria, fuzzy analytic network process (FANP)
is used to evaluate various aspects of suppliers, and
the most suitable suppliers for cooperation can be
obtained. Goal programming (GP) is applied next to
allocate the most appropriate amount of orders to
each of the selected suppliers. In the future, a case
study will be carried out to examine the practicality
of the proposed model. The results shall be a
reference for selecting and allocating orders to the
best green and low carbon suppliers.
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