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摘要 

 

    台北科技大學環境工程與管理研究所師生 11 名，於 106 年 3 月

26 日至 4 月 1 日，前往日本北九州市立大學(日本福岡縣北九州市)進

行學術交流活動。參與的學生於本次學術交流研討會中，皆以英文發

表報告各自於平日所進行研究的成果，聽取台日四系所與會人員對其

研究內容的評論與建議，培養於國際學術研討會報告時所應具備的能

力，並體驗台日兩國的文化差異。此外，四所大學各派出一位教授進

行專題講座，對其研究專長與領域更深一步的分享、講解。本次的台

日學術交流活動，參與學生皆獲得許多寶貴的經驗，對於其未來的學

術研究及生涯發展，具有正面的影響及啟發。 
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目的 

 

計畫目標： 

    為促進台北科技大學環境工程與管理研究所(以下簡稱本所)與台

灣中原大學環境工程學系、日本北九州市立大學国際環境工学部和日

本熊本縣立大學環境共生学部環境資源学科等四校系所間的國際交

流，培養本所學生的國際研討會發表報告能力，並拓展其國際視野，

培養國際觀，特辦理本次台日學術交流研討會。 

 

主題： 

    本次台日學術交流研討會係由日本北九州市立大學国際環境工

学部籌備辦理，本所師生赴日本參加的方式進行。由台日四校系所的

碩博士班學生，交互以英文報告各自於環境工程與管理相關領域的研

究成果，包括水處理、廢棄物處理、空氣污染控制、毒性物質處理、

環境管理等，以進行四校系所間學術研究成果交流。 

 

緣起： 

    本所張添晉教授與日本熊本縣立大學環境共生学部環境資源学

科篠原亮太教授，為促進台日兩校系所間的國際交流合作，拓展兩校

系所學生的國際視野，所發起的兩校系所間台日學術交流活動，迄今

已超過十年以上的歷史。於 103 年起日本北九州市立大學国際環境工

学部與中原大學環境工程學系亦加入，成為四校系所間之台日學術交

流活動。本活動主要係以國際學術交流研討會的方式，由台日四校系

所輪流籌備主辦，或由本所主辦，日方師生前來台灣參加，或由日方
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主辦，本所師生赴日本參加。本活動前次係於去年九月下旬由中原大

學環境工程學系辦理，本次係由日方辦理，我方師生赴日參加。 

 

預期效益或欲達成事項： 

    持續促進台日四校系所間國際交流合作，並培養本所碩博士學生

的國際研討會發表報告能力。參與學生以英文發表報告各自於平日所

進行研究的成果，聽取台日兩系所與會人員對其研究內容的評論與建

議。此外亦體驗台日兩國的文化差異，拓展其國際視野，培養國際觀，

對於其未來的學術研究及生涯發展，將有正面的影響及啟發。 
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過程 

 

出國人員： 

老師：曾昭衡教授、王立邦助理教授 

學生：楊欣諺、陳柏翰、葉輔根、廖婷雩、洪碧伶、楊桂慈、邱彥禎、

楊仕丞、張漪(以上皆為本所碩士生)共計十一名 

 

出國期間行程： 

時間 行程 地點 

3/26 (日)  赴日 台北->福岡 

3/27 (一)  福岡市內參觀 福岡 

3/28 (二)  福岡能古島 福岡 

3/29 (三)  移動、研討會報告準備 福岡->北九州市 

3/30(四)  台日交流研討會 北九州市 

3/31(五)  新門司焚化廠參觀、門司港參觀 北九州市 

4/1(六) 返台 福岡->台北 
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進行過程： 

    本次台日學術交流研討會的議程如表一所示。106年 3月 30日(三)

上午 09:00 起於北九州市立大學国際環境工学部的會議室舉行。首先

由北九州市立大學吉塚教授、本所曾昭衡教授、中原大學游勝傑教授、

熊本縣立大學石橋康弘教授分別進行開幕致詞。隨後台日雙方進行紀

念品交換，所有參加本次學術交流研討會的台日師生進行合照後，即

進入研討會的發表報告。 

    本次學術交流研討會自上午 9:20 起至下午 17:00 為止，上午場為

四校教授的專題講座，分享各自研究領域與研究內容；下午場為四校

學生的學術交流，共分為三間教室，一間教室各有三個場次進行。每

場次皆由四位四校系所學生交互上台進行各自的研究成果報告，包括

水處理、廢棄物處理、空氣污染控制、環境化學、環境管理等環境工

程與管理相關領域，每位學生報告時間約 10 分鐘，問答 4 分鐘，合

計約 14 分鐘。每場次的主持人亦由四校系所學生輪流擔任。主持人

的主要工作任務為掌握全場，控制時間，使各場次的每個報告皆能如

期順利進行。本所係由邱彥禎、楊仕丞、洪碧伶、陳柏翰等四位同學

輪流擔任主持人。本次研討會台日四校系所學生合計36人進行報告，

全程皆以英文報告發表及提問討論。 

    研討會最後由北九州市立大學吉塚教授做閉幕致詞總結。 
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表一、本次台日學術交流研討會議程 

2017 Japan - Taiwan International Symposium on Environmental Science, 

Technology and Management 

Date March 30 – 31, 2017 

Honorable 

Guests 

‧The University of Kitakyushu 

Prof.Kazuharu YOSHIZUKA, Prof.Takaaki Kato, Prof.Syouhei 

NISHIHAMA, Arisa USUI, Narito ENTA, Takuma SEKIMOTO, Jeongyi 

MOON, Emi YAMADA, Minh Tuan PHAM, Anh Viet HOANG, Atsushi 

KURAOKA, Shinji TAWARA, Yuma FUCHINO 

 

‧Prefectural University of Kumamoto 

Prof. Yasuhiro ISHIBASHI, Prof. Jun KOBAYASHI, Prof. Tetsuro AGUSA, 

Chia-Yu WU, Chang-Hua HE, Masaru NAKAMURA, 

Erina MATSUYAMA, Kohei YOSHIKAWA, Kento ARAKI, Yuta 

IMAMURA, Ryosuke NAKAMURA, Emi MOROKUMA, Satomi TAJIRI, 

Kuang-Wei HUANG, Yuka YAKUSHIJI 

 

‧National Taipei University of Technology 

Prof. Chao-Heng TSENG, Prof. Li-Pang WANG, Ting-Yu LIAO, Bi-Ling 

HONG, Kuei-Tzu YANG, Yi ZHANG, Bo-Han CHEN, Shih-Cheng YANG, 

Sin-Yan YANG, Yen-Chen CHIU, Fu-Ken YEN 

 

‧Chung Yuan Christian University 

Prof. Sheng-Jie YOU, Prof. Ya-Fen WANG, Prof. Yu-Dong FU, Prof. 

Jheng-Jie JIANG, Prof. Wu-Yang SEAN Yi-Hsien LIU, Yu-Ching DENG, 

Yun-Hsiang HOU, Fang-Tzu CHANG, Hui-Chi CHUANG, Min-Hsuan 

CHEN, Chin-Chieh HO, Lun DU, Tzu-Hao YEH, Chin-Ya CHANG Gen-Mu 

CHANG, Hsiao-Yi LIN, Pei-Yin HSIEH 
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Schedule 

March 30 

2017 Japan - Taiwan International Symposium on Environmental Science, 

Technology and Management 

March 31 

Excursion for Shin-Moji incineration plant 

 
Program 

 

 

 

 

Opening Ceremony (Room N107) 
 

Time 
 

Speakers Topic 

 

9:00 – 9:20 

Prof. Kazuharu YOSHIZUKA 

Prof. Yasuhiro ISHIBASHI 

Prof. Chao-Heng TSENG 

Prof. Sheng-Jie YOU

 

Opening Remarks and Photo 

9:20-12:00 Special Lecture / Chair : Prof. YOSHIZUKA, Prof. YOU 

 
9:20 – 9:55 

 
Professor Takaaki KATO 

Maximum Electricity Saving Behavior in a 

Dynamic Pricing Experiment 

 
9:55 – 10:30 

 
Professor Chao-Heng TSENG 

The PM2.5 Standard, Index, and Warning 

Scheme in Taiwan 

10:30 – 10:50 Coffee Break 
 

10:50 – 11:25  
 

Professor Tetsuro AGUSA Arsenic Pollution in Southeast Asia 

 
11:25 – 12:00 

 
Professor Yu-Dong FU 

Conservative Heavy Metals Total Discharge 

Schemes 
 

12:00 – 13:30 
 

Lunch 
 

13:30 – 17:00 
 

3 sessions in parallel at N107, N113, and N115 
 

17:00 – 17:10 
 

Closing Remark 
 

18:00 – 20:00 
 

Gathering Party 
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ROOM N107 
 

13:30 – 14:30 Section 1-1 / Moderator: Narito ENTA, Yu-Ching DENG 

13:30 – 13:45 Chin-Chieh HO 

The Application of Lanthanum-Doped Titanium 

Dioxide Photocatalytic Coating on Porous Air 

Filter in Gas Degradation 

13:45 – 14:00 Takuma SEKIMOTO 
Selective Extraction of Lithium from Salt Lake Brine 

with Mixture of Tributyl Phosphate and Ionic Liquid

14:00 – 14:15 Sin-Yan YANG 
A Study on Characteristic of Street Dust Associated 

with Ambient PM2.5 

14:15 – 14:30 Masaru NAKAMURA
Purifying and Analyzing Oligosaccharide into 

Molasses of Palm Oil Residual 

14:30 – 14:45 Coffee Break 

14:45 – 15:45 Section 1-2 / Moderator: Kohei YOSHIKAWA, Yen-Chen CHIU 

14:45 – 15:00 Hui-Chi CHUANG 
Bi Modified Bi2MoO6 Microspheres by 

Photo-Reduction with Enhanced Visible Light 

Photocatalytic Activity for Degradation of NOx 

15:00 – 15:15 Narito ENTA 
Removal of Boron from Geothermal Water of 

Balçova (Turkey) with Glucamine-Based Chelate 

Adsorbents 

15:15 – 15:30 Chia-Yu WU 
Removal of Mercury in Various Matrices Using 

Forward Osmosis Process 

15:30 – 15:45 Yu-Ching DENG 
Removal of Chromate in Groundwater by Layer 

Double Hydroxides 

15:45 – 16:00 Coffee Break 

16:00 – 17:00 Section 1-3 / Moderator: Takuma SEKIMOTO, Chin-Chieh HO 

 
16:00 – 16:15 

 
Kohei YOSHIKAWA 

The Treatment of Methane Fermentation by Activated

Sludge of Humus
 

16:15 – 16:30 

 
Yen-Chen CHIU 

Transformation of Phosphorus in Sewage Sludge by 

the Addition of Calcium Hydroxide 
 

16:30 – 16:45 

 
Fang-Tzu CHANG 

High Temperature Related Spatial Vulnerability 

Assessment for Population with Diseases 
 

16:45 – 17:00 

 
Kuang-Wei HUANG 

Flow and Management of Mercury-Contained 

Material in Coal-Fired Power Plants in Indonesia 
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ROOM N113 
 

13:30 – 14:30    Section 2-1 / Moderator: Emi YAMADA, Shih-Cheng YANG 

13:30 – 13:45 Bi-Ling HONG 
The Study of Dust Emission Rate of Zhuoshui River 

by Regression Analysis 

13:45 – 14:00 Chin-Ya CHANG 
Optimized Analysis and the Cost-Benefit Analysisfor 

Urban Pavement Reconstruction 

14:00 – 14:15 Erina MATSUYAMA 

Analysis of Food Chain Accumulation for 

Perfluoroalkyl Acids (PFAAs) by Using Stable 

Nitrogen Isotope Ratio of Amino Acids in Tokyo 

Bay 

14:15 – 14:30 Kuei-Tzu YANG 
Carbon Footprint Assessment of Multimedia Online 

Services-A Case of Taiwan Mobile Co., Ltd. 

14:30 – 14:45 Coffee Break 

14:45 – 15:45   Section 2-2 / Moderator: Ryosuke NAKAMURA, Yi-Hsien LIU 

14:45 – 15:00 Fu-Ken YEN 
A Study of Gender Difference in Cost-benefit of Air 

Pollution Reduction 

15:00 – 15:15 Hsiao-Yi LIN 
The Effect of Flood Potential on Residential 

Property Value: A Case of Hedonic Price Analysis 

in Taipei City 

15:15 – 15:30 Chang-Hua HE 
Mercury Elution Characteristics and Influence of Soil

from a Dumping Sites Vicinity 

15:30 – 15:45 Shih-Cheng YANG Material Flow Analysis of Neodymium in Taiwan 

15:45 – 16:00 Coffee Break

16:00 – 17:00   Section 2-3 / Moderator: Erina MATSUYAMA, Bi-Ling HONG 

16:00 – 16:15 Emi YAMADA 
Separation and Recovery of Nd and Pr from Waste 

Nd Magnet Using Coated Solvent Impregnated 

Resin

16:15 – 16:30 Yi-Hsien LIU 

Recovery of Neodymium from Waste Permanent 

Magnet by Support Liquid Membrane System and 

Develop High Quality Photocatalyst 

16:30 – 16:45 Ryosuke NAKAMURA
Metabolism Rate of Decabrominated Diphenyl 

Ethers by Hepatic Microsome of Fish 

16:45 – 17:00 Pei-Yin HSIEH 
Numerical Study on Replacement of Methane 

Hydrates by CO2 in Pore-scale Flow 
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ROOM N115 
 

13:30 – 14:30 Section 3-1 / Moderator: Kento ARAKI, Yun-Hsiang HOU 

13:30 – 13:45 Emi MOROKUMA 
Species Specificity of Protein Binding with 

Perfluorinated Chemicals (PFCs) 

13:45 – 14:00 Anh Viet HOANG Removal of Arsenic from Aquatic Environment by 

Adsorption Method

14:00 – 14:15 Ting-Yu LIAO 
Practice and Action of Enterprises in Response to 

Circular Economy - Experiences of International 

Sustainable Enterprises

14:15 – 14:30 Lun DU 
Simultaneous Estimation of Internal Resistance and 

Open-Circuit Voltage of Lithium-Ion Batteries with 

Temperature Compensation
 

14:30 – 14:45 Coffee Break 
 

14:45 – 15:45 Section 3-2 / Moderator: Yuta IMAMURA, Bo-Han CHEN 

14:45 – 15:00 Kento ARAKI 
Thermophilic Bacterium Promote Solubilization of 

Methane Fermentation Process Isolate and 

Functional Analysis

15:00 – 15:15 Yun-Hsiang HOU 
Prepare Gas Separation Membrane of PDMS/PSF 

Membrane to Separation SVE Emissions Gas 

15:15 – 15:30 Yi ZHANG Management and Cost Analysis of Desalination Plant

15:30 – 15:45 Tzu-Hao YEH 
Study on Inhibitory Effect of Water Development 

Nanoscale Composite Material Used in Polyaniline 

15:45 – 16:00 Coffee Break 

16:00 – 17:00 Section 3-3 / Moderator: Anh Viet HOANG, Lun DU 

16:00 – 16:15 Min-Hsuan CHEN 
Prepare and Synthesis g-C3N4/Bi2O2CO3 Layered 

Heterojunction Photocatalyst for Pollutant 

Degradation

16:15 – 16:30 Yuta IMAMURA Study on the Equines Estrogenic Pollution in Water 

Environment

16:30 – 16:45 Bo-Han CHEN A Study of Circular Economy and Development 

Urban Mine in Asia

16:45 – 17:00 Gen-Mu CHANG 
Effect of Climate Change on Water Quality of Taiwan

Rivers 
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心得及建議 

    (一) 參與本次台日學術交流研討會的本所碩士班學生，皆於研討

會中報告各自於平日所進行研究的成果，聽取台日兩系所與會人員對

其研究內容的評論與建議，期間皆全程以英文發表報告及提問討論，

充分達到學術交流的目的。此外，參與本次交流的碩士生，幾乎都是

第一次出國。從搭機出國至返抵國門為止，都是人生第一次的體驗。

本次的學術交流活動，對於拓展其國際視野及建立國際觀，增長見識，

皆有實質的助益。 

    (二)本次學術交流，第二天為參觀新門司焚化廠，參觀完畢後前

往門司港觀光，但事前我方師生並未得知要去門司港此事，導致我方

接下來的行程變得相當緊促。希望下次的學術交流，主辦方可以公布

時程並雙方透過良好的溝通，以便安排各自的行程。 

        (三)本所十餘年來積極推動與國外大學間的學術交流，不遺餘力，

成果豐碩。惟所需經費無論本所師生赴國外大學進行交流時所需的機

票等旅費，或是國外大學至本所進行交流時本所的各項事務支出，皆

由本所自行籌措。經費來源主要為本所行政管理費，以及所上老師的

產學合作計畫等計畫經費中捻出，以維持台日兩校系所持續十餘年來

的交流不致中斷甚至中止，實屬不易。盼校方日後對於類似有意義的

國際交流活動，在經費與行政作業上能給予協助與支持。 
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Profile 

 

Name: Li-Pang WANG 

 

Birthdate (Age): May 6, 1973 (44) 

Hobby: Reading, Baseball, Travel 

Affiliation: 

Institute of Environmental Engineering and 

Management 

National Taipei University of Technology 

Title: Assistant Professor 

E-mail: kuniwang@ntut.edu.tw 

Homepage: http://www.ieem.ntut.edu.tw/bin/home.php 

 

Research Projects & Budgets 

1. Recovery of rare earth metals from ceria-based glass polishing waste 

(Ministry of Science and Technology (MOST), 2015-2016) 

 

2. Recovery of phosphorous from sewage sludge based on the concept of 

mineral processing (Ministry of Science and Technology (MOST), 

2016-2017) 

 

  



 

Nam

Birt

Hob

Affi

E-m

Hom

 

Res

A S

 

Brie

This

poll

carb

(ArC

redu

redu

a re

 

 

 

 

me: 

thdate (Age)

bby: 

iliation: 

mail: 

mepage: 

search Them

tudy of Gen

ef of Resea

s study ass

lutants parti

bon monox

CoBModel)

uction polic

uction maps

ference for 

Yen

): Septe

Liste

Instit

Man

Natio

qwer

https

me 

nder Differe

arch Theme

sessed the 

iculates (PM

xide (CO)

) was used

cy. In addit

s, health ben

governmen

, fu-ken 

ember 14, 19

en music & s

tute of Envir

agement  

onal Taipei U

r09142003@

s://www.face

ence in Cost

e 

gender diff

M10, PM2.5

) and ozo

d to conduc

tion, the res

nefits maps,

nt to make th

 

17 

Profile

993 (23) 

sports 

ronmental En

University of

@hotmail.com

ebook.com/fu

t-benefit of 

fference of 

5), sulfur di

one (O3). 

ct a cost b

sults were 

, and prema

he policy.

ngineering an

f Technology

m 

ugen.ye 

f Air Pollutio

on the hea

oxide (SO2

Air Reso

benefit ana

drawn as m

ature death m

nd 

y 

on Reductio

alth effects

2), nitrogen 

ource Co-B

lysis on th

maps, includ

maps, which

on 

s of criteria

dioxide (N

Benefit M

he air pollu

de air pollu

h could pro

 

a air 

O2), 

Model 

ution 

ution 

ovide 



 

Nam

Birt

Hob

Affi

E-m

Hom

 

Res

The

 

Brie

env

of d

to s

the 

the 

and 

incr

Acc

WS+

tran

Taiw

 

 

me: 

thdate (Ag

bby: 

filiation: 

mail: 

mepage: 

search Them

e Study of D

ef of Resea

In Yunlin, 

ironmental 

dust emissio

The relatio

et up the du

AERMOD 

meteorolog

Forecasting

rease when

cording to 

+2.39 Tem

nsport demo

wan Emissi

Bi-Li

e): Septe

Listen

Institu
Mana

Natio

Taipe

d0148

https:

me 

Dust Emissio

arch Theme

dust emiss

issues. Thu

on and simu

onship betw

ust emission

modeling s

gical situatio

g (WRF) m

n the relati

the statisti

mp-0.76 RH

onstrated th

on Data Sys

ng Hong 

ember 28, 19

ning music

ute of Envir
agement 

onal Taipei

i City, Taiw

8007@gma

//www.face

on Rate of Z

e 

ions from t

us, the main

ulate the dus

een dust co

n formula o

system to s

on of Zhuo

model. The r

ive humidi

cal results,

H-190.32) u

hat the ave

stem8.1. 

18 

Profile

993 (23) 

ronmental E

University 

wan. 

ail.com 

ebook.com/H

Zhuoshui R

the bare lan

n purpose o

st dispersion

oncentration

of Zhuoshui

imulate the

oshui River

results indic

ity decreas

, the dust e

u 10-7 form

erage error 

Engineering

of Technol

HongBiLin

River by Reg

nd near Jhu

of this study

n to find the

n and meteo

i River. Fin

e Aeolian du

r was simul

cated that P

sed and th

emission wa

mula, the s

was less t

g and 

logy, 

g 

gression An

uoshuei Riv

y was buildi

e influence a

orological fa

nally, this stu

ust from riv

ated by We

PM10 conce

he temperat

as following

simulation 

than 50% a

nalysis 

ver is impor

ding the form

areas. 

factors was u

udy tried to

verbed, besi

eather Rese

entration wo

ture increa

g Q = (48.

results of 

and better 

rtant 

mula 

used 

o use 

ides, 

earch 

ould 

ased. 

61

dust 

than 



 

Nam

Birth

(Age

Hob

Affi

E-m

Hom

 

Res

A st

 

Brie

prob

At 

effic

sust

elec

proc

the 

quan

sust

 

me: 

hday 

e): 

bby: 

iliation: 

mail: 

mepage: 

search Them

tudy of rese

ef of Resea

In recent 

blems such 

the same t

cient. We s

tainably. 

First step 

ctro and ele

cess to find

quantity an

ntity and p

tainable.  

Bo-Han Che

June 14, 199

Mountain C

Ms student o

Managemen

Taipei Unive

cv15897@g

https://www

me 

earch about 

arch Theme

years, tech

as climate c

time, to so

start to dev

is to resear

ctronic equ

d the best w

nd purity o

purity, then 

en 

94 (23) 

limbing 

of Environm

nt.  

ersity of Tech

mail.com 

w.facebook.co

the Circular

e 

hnology de

change, pop

lve the pro

velop circul

rch the urba

uipment. Sec

way to keep 

f recycling

we can co

 

19 

Profile

mental Plannin

hnology. 

om/bohan.ch

ar Economy 

eveloped ra

pulation gro

oblem of w

lar econom

an mine in T

cond, resea

the materia

g materials. 

onsider it is

ng and 

hen.100 

and develo

apidly. It c

owth and the

waste and t

my, to keep 

Taiwan and

rch the was

als sustainab

If the recy

s very good

pment urba

caused man

e consumpti

to use the 

the materi

d other coun

ste treatmen

bly. Third s

ycling mate

d about kee

an mine in A

ny internati

tion of mate

materials m

ials can be

ntries, inclu

nt and recyc

step is to su

erials have 

eping mate

Asia. 

ional 

erials. 

more 

 use 

uding 

cling 

urvey 

high 

erials 



 

Nam

Birt

Hob

Affi

E-m

Hom

 

Res

Carb

Mob

 

Brie

Due

clou

acco

carb

clou

men

serv

scen

tran

 

me: 

thdate (Age)

bby: 

iliation: 

mail: 

mepage: 

search Them

bon Footpr

bile Co., Lt

ef of Resea

e to the rap

ud computi

ompanied b

bon footprin

ud services,

ntioned abo

vices by Ta

narios to fi

nsmission ty

Yang, 

): Octob

Guitar

Institu

Manag

Nation

m3492

https:/

me 

rint Assess

td. 

arch Theme

pid and con

ing has ga

by the amaz

nt study, wh

, but there 

ove, this stu

aiwan Mobi

ind out the

ypes when c

Kueitzu 

ber 3, 1992 (2

r 

ute of Enviro

gement 

nal Taipei Un

2837@hotm

//www.faceb

sment of M

e 

ntinuous dev

ained rapid

zing energy

hich is abou

are still rar

dy intends t

ile's myMu

e carbon fo

consumer us

 

20 

Profile

24) 

onmental Eng

niversity of T

mail.com 

book.com/Ku

Multimedia 

velopment 

d applicati

y use. Ther

ut e-books, 

rely investig

to explore c

usic, myVed

ootprint for

se 3G mobil

gineering and

Technology

ueitzu1003

Online Se

of smartph

ion in rece

e are a lot 

online vide

gated in Ta

carbon foot

dio and my

r difference

le network 

d 

rvices-A C

ones and m

ent years 

of environm

eo rental, g

aiwan. In lig

tprint of mu

yBook. Thr

es caused b

or 4G mobi

Case of Tai

mobile netw

but it is 

ment impac

games and o

ght of the f

ultimedia on

rough differ

by the netw

ile network.

iwan 

work, 

also 

ct or 

other 

facts 

nline 

rents 

work 

. 



 

Nam

Birt

Hob

Affi

E-m

Hom

 

Res

The

Brie

Rec

app

raw

indu

Cen

Elec

mat

cost

set u

 

me: 

thdate (Age)

bby: 

iliation: 

mail: 

mepage: 

search Them

e investigati

ef of Resea

cently, issue

lied on ind

w materials 

ustries in T

ntury”. 

ctrical and 

terials such 

t is extreme

up quota for

Yang,

): Decem

baseba

Institu

Manag

Techn

s8909

https:/

profile

me 

ion of Taiwa

arch Theme

es related to

dustries such

for prioriti

Taiwan, an

optical ind

as Neodym

ely sensitive

r exporting 

Shih-Cheng

mber 2, 1993

all 

ute of Enviro

gement Natio

nology 

52001@gma

//www.faceb

e.php?id=100

an Neodym

e 

o rare earth 

h as innova

ized develo

d also hav

dustries are

mium (Nd) i

e to price fl

of rare eart

 

21 

Profile

3 (24) 

onmental Eng

onal Taipei U

ail.com 

book.com/ 

0003925767

mium materia

are discuss

ative and gr

opment of 

ve a reputa

e critical an

is significan

luctuation o

th. Taiwan i

gineering and

University of

7365 

al flow 

sed more fre

reen techno

electrics, m

ation as “In

nd key indu

nt for these

of rare earth

is an island 

d 

f 

equently, wh

logy.They a

machinery 

ndustrial V

ustries in T

 industries. 

h due to Chi

state 

which are mo

are also cri

and electro

Vitamin in 

Taiwan and

 That opera

ina governm

ostly 

itical 

onics 

21st 

d the 

ation 

ment 



 

Nam

Birt

Hob

Affi

E-m

Hom

 

Res
A st

 

Brie

twen

sam

whi

met

part

met

con

 

me: 

thdate (Age)

bby: 

iliation: 

mail: 

mepage: 

search Them
tudy on cha

ef of Resea

The disse

nty two co

mple collecti

ich are base

thods C-13

ticles cause

tropolitan a

centrations 

 

Sin-Y

): Jan. 

Play 

Instit

Man

Tech

u101

https

0636

me 
aracteristic o

arch Theme

ertation pres

ountry’s str

ion method 

ed on a revi

6. This stu

ed by stree

area of the

of fine susp

Yan Yang 

12, 1994(23)

basketball

tute of Envir

agement, Na

hnology. 

1014015@cm

s://www.face

623807 

of street dus

e 

sents the ch

reet dust sa

for the stre

iew of Ame

udy purpos

t dust in p

 road in o

pended part

 

22 

Profile

) 

ronmental En

ational Taipe

mu.edu.tw 

ebook.com/pr

st associated

haracteristic

amples in 

eet dust acco

erican Socie

e to find t

paved toad

order to lea

ticles. 

ngineering an

i University 

rofile.php?id

d with ambi

c of street 

Taiwan, an

ording to U.

ety for Testi

the concen

and study 

arn the ext

nd 

of 

d=100000

ient PM2.5 

dust in Taiw

nd selecting

. S. EPA AP

ing and Ma

tration of 

silt charac

tent of the

iwan, collec

g 50 roads

P-42 proced

aterials (AS

fine suspen

cteristics of

e effects of

cting 

.The 

dures, 

TM) 

nded 

f the 

f air 



 

Nam

Birt

(Age

Hob

Affi

E-m

Hom

 
Res

Prac

Inte

 

Brie

prod

The

Proc

/Sha

Fou

inte

inst

achi

 

me: 

thdate 

e): 

bby: 

iliation: 

mail: 

mepage: 

search Them

ctice and Ac

ernational Su

ef of Resea

A circular

ducts, comp

ere are six 

cessing, C

aring, and 

undation. T

ernational su

ead of selli

ieve the circ

Ting-Yu, L

September

Movie, Sin

Institute of

Manageme

Technolog

qtangel920

https://ww

me 

ction of Ent

ustainable E

arch Theme

r economy 

ponents, an

practices 

Circular Ag

Innovative 

Through th

ustainable 

ing light bu

cular econo

Liao (Lily Lia

r 20, 1993 (2

nging, Readin

f Environmen

ent of Nation

gy 

0@gmail.com

ww.facebook.

terprises in 

Enterprises

e 

is restorativ

nd materials

can achiev

griculture, 

Business

he case stu

enterprises,

ulbs to find

my in Taiw

 

23 

Profile

ao) 

23) 

ing 

ntal Enginee

nal Taipei Un

m 

com/liao.ting

response to

ve and rege

s at their hi

ve to the c

Closing th

Model resp

tudies, we

, for examp

d out what’s

wan. 

ering and 

niversity of 

gyu 

o Circular E

enerative by

ighest appli

circular eco

he Loop, 

pectively, b

collected

ple, Philips

s the suitab

conomy - E

y design, an

ied and val

onomy, reD

Collaborati

built by El

many pra

s sell the “

le practices

Experiences

nd aims to k

lue at all tim

Design, Circ

ion /Symb

llen MacAr

actices by 

“Light Serv

s and action

of 

keep 

mes. 

cular 

iosis 

rthur 

the 

vice” 

ns to 



 

Nam

Birt

Age

Hob

Affi

: 

E-m

Hom

: 

 

Res

Tran

 

Brie

Sew

can 

(IP)

pho

indu

tran

the 

tem

 

me: Ye

thdate(

e): 
Au

bby: Pl

iliation
In

M

Na

mail: k0

mepage htt

04

search Them

nsformation

ef of Resea

wage sludge

be divided 

), organic 

osphorus (A

ustrial appli

nsfer differe

addition of 

mperature, an

en-Chen Chiu

ugust 16, 199

ay card gam

stitute of En

Management 

ational Taipe

0933652559@

tps://www.fa

44763135&re

me 

n of phosph

arch Theme

e (SS) is the

into five ty

phosphoru

AP). Howev

ication. In o

ent types of

calcium hy

nd reaction 

u 

94  

e 

vironmental 

ei University

@gmail.com

acebook.com

ef=bookmark

orus in sew

e 

e by-produc

ypes, includ

us (OP), 

er, only AP

order to imp

f P to AP. T

ydroxide (Ca

time on the

 

24 

Profile

Engineering

y of Technolo

m 

m/profile.php

ks 

wage sludge 

ct of wastew

ding total ph

non-apatite

P has a high

prove the r

This study a

a(OH)2). Th

e transforma

g and 

ogy 

?id=100002

by the addi

water treatm

hosphorus (

e phosphor

h bioavailab

ecycling of

attempted to

he effects of

ation of P to

tion of calc

ment. Phosph

(TP), inorga

rus (NAIP

bility and a

f P is SS, it 

o achieve th

f Ca(OH)2 d

o AP were in

cium hydrox

phorus (P) in

anic phosph

P) and ap

a wide rang

is necessar

his objectiv

dosage, reac

nvestigated.

 

xide 

n SS 

horus 

patite 

ge of 

ry to 

ve by 

ction 

. 



 

Nam

Birt

(Age

Hob

Affi

E-m

Hom

 
Res

 Fo

 

Brie

 Stu

tech

envi

ener

cost

bene

 

me: 

thdate 

e): 

bby: 

iliation: 

mail: 

mepage: 

search Them

orward osmo

ef of Resea

udy on forw

hnology eco

ironmental i

rgy loss and

ts, the forw

efits of forw

Zhang Yi(A

 

Decembe

Reading &

 

Institute o

Managem

The Natio

eeameths

 

https://ww

bookmark

me 

osis efficienc

arch Theme

ward osmosis

onomic bene

impact asses

d reduce the

ard osmosis

ward osmosis

Amethyst)

er 18,1994(2

&Traveling 

of Environm

ment 

onal Taipei U

syt@gmail.c

ww.facebook

ks  

cy analysis u

e 

s technology

efit and the

ssment and 

e loss of w

s and revers

s. 

 

25 

Profile

23) 

mental Engine

University of

com 

k.com/eeame

used in seaw

y at present,

e effect on 

simulation e

water. In add

se osmosis 

eering and 

f Technology

 

ethyst?ref=

water desalin

, with the fo

the enviro

environment

dition, previ

were comp

y 

nation 

orward osmo

nment, com

t by using c

ous studies 

ared, in ord

osis desalina

mbined with

computer, re

on desalina

der to prove

ation 

h the 

duce 

ation 

e the 



26 

The PM2.5 Standard, Index, and Warning Scheme in Taiwan 

 

Chao-Heng Tseng 

Institute of Environmental Engineering and Management, National Taipei University of Technology  

 

1. Introduction 
2014, WHO reports that in 2012 around 7 million people died - one in eight of total global deaths – as a 

result of outdoor and indoor air pollution exposure. More than 3.2 million deaths/year have been attributed 
to exposure to PM2.5, which can penetrate deep into the lungs and cause a wide range of health problems.  
Low- and middle-income countries in the WHO South-East Asia and Western Pacific Regions had the 
largest air pollution-related burden in 2012, with a total of 3.3 million deaths linked to indoor air pollution 
and 2.6 million deaths related to outdoor air pollution. Since 1985, Taiwan EPA has used Pollutant Standards 
Index (PSI) for reporting the air quality for 31 years, but including only PM10 not PM2.5.  From 2014 to 
2016, Taiwan EPA adapted the 10-scale PM2.5 index system from UK.  Recently, replacing the PSI system 
and 10-scale PM2.5 index system, a new Air Quality index (AQI) system is announced by Taiwan EPA to 
cover 7 air pollutants including PM2.5.  

 
The objectives of this research are: Evaluate the Early Warning Scheme of Hourly and Daily Fine 

Particulate Matters (PM2.5) in Taiwan.  Discuss action suggestion to sensitive population (children, elders, 
patients with respiratory and cardiovascular diseases, pregnant women…) when the warning value is 
reached. Actions of Warning Scheme can reduce the daily exposure of PM2.5, especially for school kids. 
The Warning Scheme will meet the current Taiwan PM2.5 national ambient air quality standard (NAAQS) 
35 µg/m3 24-hr average and 15 µg/m3 annual average, as well as public health impact 55 µg/m3 hourly 
average suggested by the US EPA. 

 

2. Methodology 
The PM2.5 air quality standard (NAAQS) in the US is based on a 24-hr average, as well as many other 

countries.  However, most government agencies use continuous PM2.5 monitors, which provide hourly 
averages. A question was about how to get the most meaningful 24-hr average from all these hourly values.  

 
 The United States EPA issues early warning PM2.5 24-hr average based on Air Quality Index (AQI) 

hourly value. The current US AQI for PM2.5 is defined as the most recent 12-hr average combined 
with the most recent 4-hr average as a substitute of future 12-hr average.   

 Japan and Taiwan EPAs adopted different daily PM2.5warming system: to set the early warning PM2.5 
daily average value based on 5AM to 7PM hourly average value. 
 
This study investigated the differences between the above two system based on the literatures and the 

Taiwan air quality monitoring data by regression analysis. The Warning Scheme is developed to meet the 
current Taiwan PM2.5 national ambient air quality standard (NAAQS) 35 µg/m3 24-hr average and 15 
µg/m3 annual average, as well as public health impact 55 µg/m3 hourly average suggested by the United 
States EPA..  
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A Study of Gender Difference in Cost-benefit of Air Pollution Reduction 

Yen, Fu-Ken, Wang, Yu-An, and Tseng, Chao-Heng 

Institute of Environmental Engineering and Management, Taipei University of Technology 

No. 1, Sec. 3, Chung-Hsiao E. Rd., Taipei 10608, Taiwan 

 

1. Introduction 
     This study assessed the gender difference of on the health effects of criteria air pollutants particulates 
(PM10, PM2.5), sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO) and ozone (O3). Air 
Resource Co-Benefit Model (ArCoBModel) was used to conduct a cost benefit analysis on the air pollution 
reduction policy. In addition, the results were drawn as maps, include air pollution reduction maps, health 
benefits maps, and premature death maps, which could provide a reference for government to make the 
policy. 
2. Method 
     In order to estimate the results of air pollution reduction, the Rollbacks model was used to establish 
the relationships in terms of emission and concentration function, which was regarded as a method to 
estimate atmospheric capacity. Then, the ArCoB Model was used to quantify the benefits of criteria air 
pollutants reductions, which could be quantified in term of increase in national lifespan or reduction in 
medical expenses. Finally, geographic information system (GIS) was used to map the distribution of 
pollution sources, population distribution and health benefits, and we could understand the effects of 
pollution intuitively by these maps.  
  
3. Results and Discussion  
     The health benefits (avoided value of a statistical life loss and medical expenses) of criteria air 
pollutants reduction were calculated on three case studies. Case 1: Replacing private vehicles with the MRT 
(Mass Rapid Transit) in Taipei metropolitan could result in health benefits of US$1700 million/year (male) 
and US$400 million/year (female). Case 2: Replacing natural gas-fired power generation with coal-fired 
power generation in Taichung power plant could result in health benefits of US$10.1 million/year (male) and 
US$21 million/year (female) in Taichung area. Case 3: Using power saving technology in Iron and Steel 
Industry that could result in health benefits of US$0.65 million/year (male) and US$1.3 million/year 
(female).  The reason of higher male health benefits in case 1 is due to the higher O3 mortality for male 
than female.       
                                                                                      
Key words: GIS, AERMOD, MRT, Iron and Steel Industry, Cost-benefit Analysis, Thermal Power Plant 
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Abstract 

Due to the rapid and continuous development of smartphones and mobile network, the cloud 
computing has gained rapid application in recent years. Through a variety of cloud services applied 
to basic necessities of life, people can enjoy more convenient and smart lifestyle. In Taiwan, about 
14.32 million of people have smartphones, and in this huge case of information and communication 
technology (ICT) products, is also accompanied by the amazing energy consumption. There are a 
lot of studies on the environmental impact or carbon footprint of e-books, online video rental, 
games and other cloud services, but rarely investigated in Taiwan. 

In light of the facts mentioned above, this study intends to investigate the carbon footprint of 
multimedia online services by Taiwan Mobile’s myMusic, myVideo and myBook. Through 
different scenarios to find out the carbon footprint for differences caused by the different network 
transmission types when consumer use 3G mobile network or 4G mobile network. The functional 
unit used for 1MB of data transferred across Taiwan Mobile by consumer. In this study, LCA 
software SimaPro 8.0.2 was used to assess the carbon footprint of multimedia online services. The 
carbon footprints of multimedia online services are 0.42 gCO2e(3G) and 0.37gCO2e(4G), the 
network traffic weighted average is 0.39 gCO2e for myMusic; 0.43 gCO2e(3G), 0.38 gCO2e(4G), 
the network traffic weighted average is 0.4 gCO2e for myVideo; 0.64gCO2e(3G)、0.59gCO2e(4G) 
and the network traffic weighted average is 0.61 gCO2e for myBook. The results indicate that, 
service stage’s network transmission has the highest carbon footprint, especially 3G mobile 
network higher than 4G mobile network, and the main energy resource consumption-based 
electricity. Therefore, the telecommunications industry should seek to enhance energy efficiency, 
buying green electricity, environmental information disclosure, map out effective energy 
management and environmental management objectives to achieve environmental sustainability. 
                                                                                      
Keywords: Carbon footprint, Life Cycle Assessment, Multimedia Online Services 
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Material flow analysis of Neodymium in Taiwan 
Shih-Cheng Yang 
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Dr., Tien-Chin Chang, Taiwan 

1. Introduction 

Recently, issues related to rare earth are discussed more frequently, which are mostly applied on 
industries such as innovative and green technology.They are also critical raw materials for prioritized 
development of electrics, machinery and electronics industries in Taiwan, and also have a reputation as 
“Industrial Vitamin in 21st Century”.Electrical and optical industries are critical and key industries in 
Taiwan and the materials such as Neodymium (Nd) is significant for these industries. That operation 
cost is extremely sensitive to price fluctuation of rare earth due to China government set up quota for 
exporting of rare earth. Taiwan is an island state. which heavily relies on foreign mineral resources, if 
the material flow and resourcezation value of wasted materials such as Neodymium (Nd) for electrical 
and optical industries could be deeply investigated, which would have benefits for governments to plan 
storage system and also for resourcezation industry to determine recycling of resources. 

2. Experimental 

The purpose is to establish the material flow system of Neodymium in Taiwan, coupled with the material balance 
model.  
1. It is necessary to decide the target and the margin of time and space before using MFA method. Boundary: 

Taiwan Time: 2011 year Components：Import, Export, Industrial manufacture, Waste recycling system.  
2. It needs to take into account the present regulatory governance within the economy in order to improve the 

accuracy of statistical simulation.  
3. In order to construct the system and confirm the stocks and flows within this system, it needs to acquire 

information widely, such as paper review, market research, expert judgment, best estimates and interviews. 
4. When some data are not acquired, the mass balance, i.e., mass-in is equal to mass-out, can be used to 

balance the materials. 
5. To interpret the results of MFA analysis for Neodymium use in Taiwan. The Neodymium uses can be 

grouped into 5 categories: imports, exports, usage for other industrial production, wastes, and reuse. 

3. Results and Discussion  

1. there are almost 109.8 tons of (Nd) metal can be recoveryed from industrial wastes .It is presumed that 
the value is NTD$ 8,000 per kilogram for recycle benefits assessment, and the recycle of wasted 
(NdFeB) magnets could create benefits around 878 million NT dollars per year. 

2. There are no Neodymium(Nd) ores to mining in Taiwan, the metal of Neodymium(Nd) and other 
related products import all by other countries then manufacturing relate products of Neodymium(Nd). 

3. Taiwan and Japan doesn’t have natural ores, so the issue of urban mining become crucial. And material 
flow analysis can help us to realize the recycle of metals. In the meantime, recycling can also reach the 
energy conservation and carbon reduction. 

 

                                                                                      
Key words:rare earth elements,material flow, Neodymiumin 
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Abstract 

 

It is estimated that by 2050 will reach 9 billion as the global population continues to increase, it 

will lead to accelerate consumption of natural resources and the pressure of resource is going to deplete. The 

traditional linear economic model is taking - making - disposal, but this model is not sustainable, so the 

development of circular economy is very important in the future. According to Ellen MacArthur Foundation 

advocates the circular economy can be divided into industrial cycles and biological cycles. There are six 

major development opportunities, ReDesign, Circular Processing, Circular Agriculture, Closing the Loop, 

Collaboration / Symbiosis /Sharing, and Innovative Business Model. According to the experience of the EU, 

if a company adopts the circular economy into the governance strategies, such as: Waste Prevention Program, 

Extending the lifetime of products through reuse and repair, Material Recycling, and Products Redesign, the 

company can increase an average of 3–8 % of annual turnover. Ellen MacArthur Foundation proposed three 

principles for circular economy, including “Preserve and enhance natural capital, Optimise resource yields, 

and Foster system effectiveness.” The EU believes that the success of circular economy has four elements,” 

innovative business model, eco-design, through re-use and repair to extend product life, and waste reduction 

program”. The International enterprises have some successful cases of circular economy, such as: Philips do 

not sell bulbs to sell lighting, Dow Chemical solve the plastic problems by the energy bags and so on. In 

order to understand the link between Taiwan enterprises and circular economy, and what’s the action and 

practice should Taiwanese enterprises adapt to get green competitiveness, this research use much literature 

review, and how international enterprises practice toward circular economy in the case studies. Through the 

exploratory research to find what’s the suitable circular economic model for domestic enterprises and also 

provide some references for Taiwan enterprises. 
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Abstract 

Sewage sludge (SS) is the by-product of wastewater treatment. Phosphorus (P) in SS can be 
divided into five types, including total phosphorus (TP), inorganic phosphorus (IP), organic 
phosphorus (OP), non-apatite phosphorus (NAIP) and apatite phosphorus (AP). However, only AP 
has a high bioavailability and a wide range of industrial application. In order to improve the 
recycling of P is SS, it is necessary to transfer different types of P to AP. This study attempted to 
achieve this objective by the addition of calcium hydroxide (Ca(OH)2). The effects of Ca(OH)2 
dosage, reaction temperature, and reaction time on the transformation of P to AP were investigated.  

The results showed that with the addition of more than 8 wt.% Ca(OH)2 at 25℃ for 1 day, the 
content of OP and NAIP in SS decreased whereas that of AP increased. As the reaction temperature 
increased, OP and NAIP decreased furthermore. When the reaction temperature reached 300℃, the 
content of OP was near zero, which suggested that OP was fully transferred to AP. The effect of the 
addition of Ca(OH)2 on P transformation in SS was confirmed. 
                                                                                      
Keywords: Sewage sludge, Phosphorus, Transformation, Thermal treatment 
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No. 1, Sec. 3, Chung-Hsiao E. Rd., Taipei 10608, Taiwan 

1. Introduction 
In recent years, technology developed rapidly. It caused many international problems such as 

climate change, population growth and the consumption of materials. At the same time, to solve the 
problem of waste and to use the materials more efficient. We start to develop CIRCULAR 
ECONOMY, to keep the materials can be use sustainably. 
2. Experimental 

The density of population in Taiwan is very high so that the capacity of land is not enough. 
Otherwise, the technology and industry are develop dramatically so the land become lack of natural 
resources and energy resources, which are highly dependent on imports. To decrease the import 
amount of resources. We have to reduce the materials of products, reuse the products and recycle 
the waste. Let the material flow in a circle over and over again. 

However, circular economy cannot be reached in a short time due to it’ s integrative planning. 
Fortunately, the achievement of environmental protection in Taiwan is extraordinary. It created a 
strong foundation for the development of circular economy, especially in the waste management 
system, with the most international recognition. Basic on this reason, we combine the E-Waste 
treatment and urban mining to make Taiwan promote circular economy efficiently, can not only 
recover valuable metal like gold, silver and palladium, but also rare metals like cobalt, barium, 
bismuth and strontium. Recycling urban mine can reduce the environmental impact from E-Waste 
and make resources recycling sustainable.  
3. Results and Discussion  

This study was made by using text analysis and showed the value of product, and illustrated 
television, refrigerator, washing machine, air condition and cell phone. First, to calculate the value 
of urban mine in Taiwan, Japan, China, and Southeast Asia in order to assess the urban mine 
potential in Asia. Second, to help the industry in Taiwan to transform into eco-industry. Finally, to 
promote the development of circular economy in Asia. 

 

 

                                                                                      

KEYWORDS: Circular Economy, Urban Mine, E-Waste Management, Rare Metals, Green Fund, 

Sustainable Development 
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Management and cost analysis of desalination plant 
Researcher: Yi Zhang Advisor: Prof.Shiao-Shing Chen 

National Taipei University of Technology Department: Institute of Environmental Engineering and 

Management 

1. Introduction  

Desalination has been the film technology and especially the infiltration technology is due to the need for 

additional pressure, which is a low energy desalination technology, by separation technique to extract and 

membrane water separation and reuse. The application of forward osmosis technology with low energy 

consumption and low fouling tendency in water treatment can improve the recovery stability and 

cost-effectiveness of seawater desalination system. How to make the best use of FO, which need reasonable 

management and cost control [1]. Desalination plant to operate effectively, the commonly used BOT(Build - 

operate - transfer) model, which is private funding for construction, and the government chartered by private 

companies in a certain period has the right to operate on a cost recovery to obtain benefits, such as the 

expiration of the duration after the transfer of management rights to the government. But this model is more 

difficult to attract private enterprises, and the need to carefully assess the financial capacity of bidders, too 

many uncertainties, operational risk is too large. In order to make up for the shortage of BOT model, in 

recent years, there has been a new financing model-PPP (Public-Private- Partnership) model, which is the 

cooperation mode between public and private enterprises. PPP model is an optimum way in public 

infrastructure project financing and implementation mode, which is a kind of parties involved in the 

"win-win" concept of cooperation for the modern financing mode[2].  

2. Method  

To manage the desalination using PPP model, establish a sound management system, to control the risk of 

operation. The problem based on the cost budget accuracy of desalination and uncertainty can not take into 

account which cost budget method based on neural network, this method firstly analyzes the construction of 

desalination plants and key factors of operating costs, including construction period, construction area, film 

costs, equipment costs and energy consumption; and the establishment of influence to quantify the effects of 

expression factors, and the quantization result is taken as input and the cost budget is output.  

3. Results and Discussion  

In this paper, we show that the PPP model can eliminate the cost overruns and allocate the risk reasonably. 

Using the analysis model of cost control in the process of construction costs, reduce the cost of consumption, 

to control the cost effect The effective control cost can be reduced by about 18.3%, although still practice 

stage desalination FO, but as long as the reasonable management and control, the future will become the 

mainstream of FO desalination.  

[1] T. Cath, A. Childress, M. Elimelech, Forward osmosis: Principles, applications, and recent developments, 

Journal of Membrane Science, 281 (2006) 70-87.  

[2] R. Leiringer, Technological innovation in PPPs: Incentives, opportunities and actions, Construction 

Management and Economics, 24 (2006) 301-308.  
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