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This study firstly evaluates the objectives and strategies of United
Nations Sustainable Development Goals (SDGs) to build the relationship
between green chemistry 12 principles and circular economy. Based on
the definition of green chemistry 12 principles and the concept of circular
economy, the related polices and strategies from the United States, the
European Union, Canada, the United Kingdom, Germany, Sweden,
Netherlands, Japan, Republic of Korea and China were reviewed. The
international movement on developing trend of green chemistry, chemical
substance management, policy implementation, innovative technologies
and integrated promoting strategies on green chemistry was also
analyzed.

In addition, the policy goals and projects related to green chemistry
and circular economy for domestic government agencies including
Environmental Protection Administration, Industry Bureau, Energy
Bureau, Health and Welfare Department, Ministry of Labor, the Council
of Agriculture, the Department of Health and Welfare and the Ministry of
Finance were also analyzed and reviewed. To investigate the policy

strategies and solution for green chemistry and circular economy, we also



invited related experts from government, industries and academy to hold
Ad Hoc committees. Moreover, we also conducted four sustainable green
chemistry lectures to emplyees of Environmental Protection
Administration and students of National Taiwan University, which can
promote the educational propaganda of green chemistry and circular
economy concept in various field.

Finally, the proposed strategies and priorities governance direction
(PGD) for implementing green chemistry 12 principles toward circular
economy were suggested: (1) to integrate green chemistry 12 principles
towards Prevention, Assurance, and Sustainability (PAS) strategies
thereby promoting sustainable green chemistry development and a
circular economy system; (2) to develop green engineering and green
chemistry educational program both in the industry and university; (3) to
conduct the developing strategies and action plans on innovative green
chemistry technologies; (4) to facilitate the policy implementation on
green chemistry 12 principles including use of alternative chemicals,
redesign of chemical process and reduction of energy and resources
consumption theregy gradually building a completed circular economy

system.
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The definition of Green Chemistry (GC) refers to utilize the chemical
technologies and methods to reduce raw materials, catalysts, and solvents.
Then it can minimize hazardous substance into human health, community
safety, and the ecological environment during the production process. From
the perspective of scientific research and development, green chemistry can
reduce the hazardous substances emission from the chemical process. It
uses new technologies to improve traditional manufacturing processes and
changes the previously required production efficiency and production
quality to reduce waste generation. It also reduces the burden on the earth
caused by the production process, and reduces or even does not emit
hazardous substances such as greenhouse gases, water pollution, and heavy
metals that are harmful to the human body and the environment. Due to the
serious damage to the environment caused by industrial development and
the fossil fuel utilization, the industrial structure has also been shifted from
the original high-efficiency and high-quality to the level of “sustainable
development”, whereby the environment, economy and energy are
concerned. The economic behaviors have to be implemented under the
pollution affordable environment, which can not only reduce the pollution
but also promote the sustainability and improve the quality of human life.

The circular economy is a regenerative system that minimizes,
mitigates, closes, and reduces material and energy cycles, resource inputs,
and waste, emissions, and energy leakage. This can be achieved through
long-lasting design, maintenance, repairs, reuse, remanufacturing,
refurbishment and recycling, which is in contrast to the linear economy of
the manufacturing, manufacturing, and disposal production model. The
most famous definition was developed by the Ellen McArthur Foundation,



referring to the circular economy as "reconstructing the industrial economy
through conceptual design," and describing how natural resources affect the
economy for production and consumption. Provide input and convert waste
into products.

Based on this needs, this study analyzes the promotion policies related
to green chemistry and circular economy in advanced countries (mainly in
Europe, the United States, and Japan), and investigates various domestic
ministries (including the EPA, the Ministry of Economic Affairs, the
Ministry of Labor, the Ministry of Finance, and Ministry of Education and
Ministry of Science and Technology) related governance objectives and
recent projects implementation. We also organized the ad-hoc committee
and international conference to discuss green chemistry and circular
economy policy and technology. In order to promote the green chemistry
and circular economy concept, the sustainable green chemistry and circular
economy training courses was conducted in this study. The research
concluded the following results: coopetition the advantage and experiences
of international green chemistry and circular economy, analysis of various
domestic ministries related to green chemistry and circular economy
priciples, integration of domestic and foreign promotion strategies and
implementation measures, put forward for governmental development of
green chemistry and circular economy policy suggestions and priorities
governance direction.
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DREREE o AR OB BN T o G0 - BRI B E L ER S e
(International Union of Pure and Applied Chemistry, IUPAC) B {5 & iY77 B
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(2E5JF © ACS website, https://www.acs.org/content/acs/en/greenchemistry.html )
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3.2.2 EIREBR S

BRI S S e WA S BRI EESZ David W. Pearce 1 R.Kerry
Turner 7> 1989 FEE X2  1F " HARAEREEIRLOREE | Frh - M H5H - 48
AFR IR SR RS R 2 A BRI N BN IR FRVHEES » 15 2 MR IR s B /K [
ARIZHRAY - TEEREOR RN R EEE (FRRME) RFAIHS  FhlE4E/E R - &
TEEREEBL AR A RIS - 30 " 8EtErE ) IS - FRA—(EmA
IRES > B EASN A » BIEHRETHEE - AR TEAERRENE
LR o BATSUME e nl R A R EIRE A B G EROR M TS AR AR
LhE - EASEHIR T —RFIHE - SEBENEREREE S (E7SAER
HE) o WAE Ry 3 TRSRE M R0 » DU S FEE RS - 165
P EAE TR AT WAR ~ I F4E > WRB S~ Te B AT AT B
R N e (5 P M L (Y TEAOR AR - DUER(REBITEEAER ~ &
{EETREEARER (Optimize resource yields) 5z ([E71)  NIL > & 7 E{ER
8O VRS RAR ORI - 4Rt - SR E LB E SO SRR (BT -

TRIEREE BH A RERASH

BIE G EE=Y)

EElEREE=2Y)

B 7~ AR AR R EE
(&g ¢ EEEUR A Circular Economy in the Netherlands by 2050: Government-wide Programme

for a Circular Economy.)
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OUTLINE OF A CIRCULAR ECONOMY
PRINCIPLE

1

Preserve and enhance
natural capital by controlling
finite stocks and balancing
renewable resource flows
ReSOLVE levers: regenerate,
virtualise, exchange

PRINCIPLE

2

Optimise resource yields

by circulating products,
components and materials
in use at the highest utility
at all times in both technical
and biological cycles
ReSOLVE levers: regenerate,
share, optimise, loop

Regeneration

Biogas

PRINCIPLE

3

Foster system effectiveness
by revealing and designing
out negative externalities
All ReSOLVE levers

Renewables flow management

Biosphere

Renewables @ “ Finite materials

Regenerate

Restore

Virtualise

Substitute materials

Stock management

o

Parts manufacturer

Voo

g/collection’

Biochemical

feedstock Product manufacturer
* ‘ Recycle
Service provider
2 Refurpish/
Share remahufacture
Cascades

! ¥ / Reusg/redistripute
g m Maintaifi/prolofig
Consumer User

Collection Collection

Extraction of
biochemical
feedstock?

Minimise systematic
leakage and negative
externalities
1. Hunting and fishing
2. Can take both post-harvest and post-consumer waste as an input

Source: Ellen MacArthur Foundation, SUN, and McKinsey Center for
Business and Environment; Drawing from Braungart & McDonough,
Cradle to Cradie (C2C).

&N~ fEEREOR R E

(&#}zkJE : Ellen Macarthur Foundation, https://www.ellenmacarthurfoundation.org/)

Missions: Green Supply Chains

= Optimization of resources allocation,
increase benefits, and achieve
environmental compatibility

= Maximization of economic benefits while
protecting the environment and

conserving resources

* Assessment of life cycle of the product

(k7R © Pan et al., 2015)

‘ion

Vision: Green Econom:
@ssion + Improvement of human well-being and social equity
* Reduction of environmental risks and ecological
scarcities
* Low carbon, resource efficient, socially inclusive

Strategy

Industry and Consumption

= Implementation of National Sustainable Policy

* Economic Incentive and Price Support

* Integration of Best Available Technologies for Innovation

= Construction of Network System among Central and Local
Governments

Green Technolo

Strategies

[~ FEERECRRR
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3.2.3 &t LR R B R EE B

EHBHITEIA SR A SE AR R B T353R - sk LR RO B R R
FEAREESE > Ba 0 (DI © BEEYIOIRE A S5 e S nl e ftaa A A F s 4
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RETR(E IR AL © (4 /KRS SR, « sk H LA BE A sE M B L
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A~ BVREREERERFERY ~ RS ETUKENREE « IRmEEHF RIS E S
MFINRME > BEFEBE RN 2R R O)E T  ETREYTHE
WERESEME LR  EEENVEIRYE - HAlENEZ BRI HETT -
R T BRI FPTE AR R Ala| AR R A -
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China Hi-Ment Corp. China Steel China Steel China Steel Structure China Steel

1
I
Express Corp. Aluminum Corp. Co,, Ltd Chemical Corp. 1
G} 1
3
o) "04’ 1
o |
€ 1
- J'/ : '
- e :
SN/, 1
2 .
on "
Young Ching Industry G I
Co., Ltd 'alu,/a :
I

Tai Share Chemicals Co., Ltd, Green
World Environmental Preservation
Service Co.

o
H

5.—,\0% i
0° 0‘ E

[/~ SR R R R E

(&R © Pan et al., 2015)

2EH Plant ,ém%"‘m'om'v'
EGPlant thog ol

tons /yr

7";;‘" N-Butanol
‘ Slopton® Plant
a0 fo gischare®

ing tower i,

CO; 1.28 million tons / yr
Exhaust gas 31 tons / yr

Full recovery !
W,
~ NYPC
24% o field i
Reduction oD
NYPC  Reduction
The water's Utility 3 Plant .
circular Ry < Incineration plant The waste's
integration Circular
and utilization recovery from g
other plants and and utilization

ramnany n

&L~ AESRERE R R E
(BRI © A EE )
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&+~ EEEREE R EE
(&RIEJE © Christensen, 2012)
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JEAH H c BAEAR
BEB o B SRR
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E TR
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(PLAYAEFEAVIERE -

(VP -BEEY)

QL HIEE( LS

(A)eat e b2
@) 1A

(12) A 22 2 BB i
kRS NEA

B~ T
/NI ¢
M

Rt BRI L
JRCKEIER

Dl RE = YIME R —
FAbbR AL 2 JH
T B kg Z EY AT
rEPEME ~ R
A TIEMEEER
GoEM 2 BERE
16} o B AT A & A
A R ) e B R
A Al A fEFHE (R CO2
HRIBL LA R B 3% i 7 &k
A A > BLAFETTRE K
IR AR R 2 3

(DF-BEEY)

Qb HE ELEG
(NE AL R

@)k 1A

B ~ o

(IR : A B A T55)
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3.3.4 B Etk LR R AR IR CUR &

BRIFE &k LB RS e R o A B E0 4 - WO A (LB A8 R S & A
PRGN 5 N 25 b2 et 2 e n b EmZ 2 - HARL
RS AR EE - AR O HR T LR 2 R ~ it B2 KA
BRIESHE  BERYHEELBER S  ISRVIERNRY - Z LLeHEE
H R SR 2 B R LR R R - TERCUE A RIS - BIEBEES

REER A ~ BEEEY)IRE ~ A mln st 6R [FR - SR EBUNBlZEE 2 [H
ETRECETHAT  HYS R P P AR 4 feg BRERIR i 4 2 HLAR -

B LR F AIBER RO B A (e S AR AR E AT - ZIRMITE

CH AR B E LS an Y BB AR e B B - 2 A RORHER B ~ B - (Bl - BRI
KRB AL TS - R RENE D EEY L e EERIEL © (1) BREE
HE (liability) : A EFERHCLTHENHELSERVRFEE AT HHEdEeE
HGE > A EFRE S A ar I PR RS - (2) O (economic responsibility) : A7
F Ry AR EE USSR ~ TEER A B 4% iR B e B B A o st (S 8 Az m] i
R EE A RIELORET - (3) WEEL (physical responsibility) Az 7 &0
TR I 2 Bl PR L 7 B L 5 [REAY s 2 - B EFE © SN EERIRT -
I AR O e AR RPN EE i © (4) FTA TR (T (ownership) © fEE iy EE
{8 e A HA b A e ORI P R » % AT R 2 i B R A BRI TR - (B) &
A EE L (informative responsibility) © A #A B EFR AR L DU ST
B A i BRRY A [E P B B s B R &

SR LB FFEAN R R S E B A - MBI/ E T4
BFETERS - ERERR B O LEAERITE R - IR Bl i &
HEY 4R AR > I HET L IRRT R B A RR 2B - HHNEREOT

(Jiménez-Gonzalez & Constable, 2011) :

S
\Hﬂ‘[

S
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1. REEHCSER (Carbon efficiency) © BREEHASER = V) 2tk &/ BV i E (%)

-
sk s ap e EE
R T

o
e i gkt =
1] /;'- T

(%)

FEBEEE T2 i 5 P LR AR - RIS R AR R (s PSSR - #E T 47
rE T

2. 5T FIFRCH(Atom economy) ¢ J5 7K = FEYs T RUFTRIIZ FIE S
TE)

R BT L (%)

PR e RE i T F

BEREFEHE o] LUE 2y 2 36 SR P Y B0CR - S A RE FRRINET 2 SR A
REMERH — 2 [REEY) (g ERERFE T AR RS Rick o b8 0] -

3. IREEEHE(Environmental factor) © ERETHEE = A RSV EH BEY EHE(%)

e g AEZREMEE
RIEda g = T(/D)

Bl

iSRRI I Z R E E - H P BRI I A e A A
AIRESAEE - RS RGN E - Hr Ry e s nl #E vl A e Bl HHRT S
AR A AR MR R B HIREE R BE SR - INIEL > Sk (ORI B FE F R 28R FL
HBREE el - BUEREEM B ] rI A RE TR 2 S8 EV8 ) - BB EIRAURHY
ERFAZ — HAREG B S - (VD) E et QI ELRIRER AR
Q)E s I MRS ¢ (PSFIREFE - (RIBIERGBMS > WIEHZHEMR
PN ~ AR EEEYERALIE RERFR - DRRE s AR B D RE S ik
st ECASE > BV EEEIEER - W/H BT SR BT B 45 2 1R
GEOER > —[FEWHEEE faG TR E L - IR EREVIRANRE - WA R A arEiET
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EESp==e ]

4P

firtg > (LR En A ayEINE -+ =Arr WL BIrek O LEER
RAVHASEILSHEEER S - FYRARIEE - Bl
PRag

naa B E
HIIHIEE fnatae e R LA AE G PSEE S 2 AR B AT -
ks
3
(‘Ql
re
oo b
¢ %
S <
S renew loop o,
] 2
> =
recycle loop
reuse loop
«\0 ‘\0(\
\Oﬁ//fe App‘\co
B R arh (L o A BN o R
(BRI © James, et. al., 2016)
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3.3 B E&H LR IE R EIR LAf

ATEHH EEER SR LR ECRE S T F > a3 -~ =X -
BIER ~ T - 1R - B~ fTRE - HOA ~ SRR BT o R GAERA O RRED
BRI EE - DMRIREIR A ek ek (L BB ER K BURHE SN 2 25 R
S

3.3.1 =
(kA LERERE « SSpsk (O (LERSE I M {iE 1960 ££(( Rachel Carson Fr34#RHYy
BRHE R — SRR — 2SR REER R (E-TIUFrR) - 7R 1970 4R
TLERPRE - A0 Y 1976 FERAA =B i 55 Y8 & 1A (Toxic Substance Control Act,
TSCA) > BB TR NS ML E TS AYE T
® 1900 EFEEFLLGEL (Pollution Prevention Act) HE T AR JENS
e Ry i (B Sl AR ARy 7 18] » PRl ie s D Kb 1 BE ) 2
A DRSS R ARSI E H - MEHlER - BITES T a2 T2 Sy
VIR > YT ARE Z BRI LR S T Ay o -2 - DRIEE 1991
FRBIERRE SIS E RIE TR 1L T 5% —Hak O LR E -
BRE MR 5 1992 FE R P EZ 58 (National Science
Foundations Program) B2 5= B¥e Or58 H [E ik & B F B S8 R 2 1Y
g
® 1003 IR IRE LA ML R RGO LEETE » IR AMRTEARATHY 1995 4
FHAASEEE - 1€ 1996 DIAK » 4 B HEEIER(RBIH S T ERJgAR L
PkEL4E | (The Presidential Green Chemistry Challenge Awards Program)
FEEh R A ST ek LR SR I Z D - SRR A ak (L PR B SR 2
2012 FEEER M 17 F > FhakE &k R (Greener Synthetic Pathways) -

4k o K2 FE {6k {4 (Greener Reaction Conditions) ~ 3% 5%k (2L 22 0L
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(Designing Greener Chemicals) ~ Zfyd% (Academic Award) Jz/N{bZER%E
(Small Business Award) <571 {[E7H H #E{ 70 - FiGEEF gL
e Z AR - Siat 17 SRR ek e LB Rl HL sk D B0 FREY 8.25 {8
EHEke LRI EE & - B4 795 (RATHHYZK - Jik/b 78 [EhsHY CO,
HECR - HESRIRE ~ KEFOR = FAGRE S A MmARrTEE) |

® 1008 FESEEIR{REHY P. T. Anastas -+ K ILERE | 7ERE(LE LAY J. C.
Warner it EFE HEk O bERAY 12 FRIFAN - 7552 AE(E A S st sk
EYLEHES |

® Green Chemistry Institute F 1997 i T3 ~ BUN ~ g B (7 Hh[E]51 5]
RILHIIREFGHE - BOTIRE S AR b - &Y 2001 FEAIA
American Chemical Society (ACS) - ft & ACS Hy—B4y » #ifh R ACS
Green Chemistry Institute (ACS GCI) - I FHEREUR - T3¢ 52T E0 P
Z NESEFE RS - HEEHNEER O (RS - ACS GCI BTk
A bEREE o S B AR TS - DUBD A S E A EE - Wi
T SR BER 7 an AR 2 2N FRE (PSR B8R I TAZRYHRBREL Mg S 7705 » 1
axa T - ACS GCI R T TRIERFE KA 7k S8 7 [ 45 2K Al
s A HEE SR BB TS I AR RS H 208 2248 e SE Bl HamPE (Industrial
Roundtable) - 273 I ELER AT 5T R R - AR (e il TR ek e b2 TT 1A
I MEE N UERE(EE AT -
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2001, 2005

HRBLERETT ke
Sk et AR £ 2
BHAFERFCEH N 1905 )
Fe Ry - AR RF LT
SR
e 2010

LARBHRERNT 55 ‘—
e R 2000

1980 [_.
OECD# R $t# &5 & 3¢ 1990

SRR AR B R4 -
1998
1976 1980 Paul Anastas 5% John C. Warner | | 2005-Present
A ST BA MR muage| | ABLEE G TRALLIMEA
255 1901 —TdatRenFRRNz | | ARRARLLTASRE b
1970 ARRMEFRLTEE || BR 2%@,%1&&&%&-*&&%{
1970 ARMKE L B55 R AEMAE s
A 1 AR
i 1904
ARLFSE (ACS) AT “B 2
1960 s AR RS RGNS
ik
1962
Rachel Carson i Bz
“EEXR"

( Silent Spring ) —

&V~ EEAk e LR R AR
(ERPOR - AEHEETIIE)
(bEEBWEERE « TSCA HERAEEAWEH LY EIER - HEE
EYVETHE R AIE - TR > HATE B IEEANE T » HE(LEY/E /A
{85k (prioritization) ~ E\f@EF(d (risk evaluation) &% JEfmEEE (risk management)
F=ER - DIERBEELEYE LM TRIRIERHE S0E HR AR B A T
NHET
® (BSLAL ¢ SEEERIRF S 2017 A DR b R A LB EREERE S - AR EL
ST RS EAESIER - S BN ER A LR ERE G E
Fezgs (EIERIANE - AV ERYE - BB E RS Rinr R =82
ArE R EEHKEIRI TS ) ~ #{EFRM: (conditions of use) KiE({FE
(8l& - i) % -

® JElfmEt(l ¢ ALRTAUB S LY S BV E B A S E et S AIPE B - =1
[ EL TSCA BURERIREBRMEFUENR MBS T - HEHYE &b
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FEEGRTTE R S E R - & FIR S 8 i REEE— oK e B = ey
TIEEE > B4 E 55 T
o e @ —HEBERIREZE(LELEASHEERE > REERIRE L
SR E B - B R - RIS - EEEERA
FRUE - RORF TR B B B Ry - F ERVNRERE © AefERE
KERBEREE ~ TERE AR BN (EIIER RS ~ /IR KR A]
g B8 AN E B IVAER IR IAA -

bt = FEEHIRE S\ MF SRR LA ZE P R — (AR AE A AR > B RTREERIRE
Eft 2016 £ > A5 E 10 FHETREBREFEAVYIE > IEFRE A 3 ARG -

s SYVE EbREFGEEE (scope) - WLFRGIAE(ERRF (conditions of use) Hfid
REE KRR IRE - AR - £V REN: - BEERFEE S BRI 2R
PN K E RN AT » AR E TR 8 i R AR A AERARUE SR
THVEHE > AL T A bR a R  Boek ~ ABHE - AIEBURIEE F PR F R IRY
—RE(LRLEEHE -
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Assessing and Managing Chemicals under TSCA

Low risk -
conclude review

BT~ SHEERRE 2 TSCA B2
(&RIHE : TSCA  (Toxic Substances Control Act) )

CREZINFEYER] - 2008 F21% - HEIS NG EHE A B E HE MM b
BWVE 2R BRI R RITARAENTAE SR - BIa07A S NEURF £ ¥ 5 2
ndfETE ] > AR E MR ERIFTA R > 5RO 5 R S S B b
Bpkoy - (BASINTRE AR "B AULEYESHEE ,  (Alternative Assessment,
AA) > DUT I R SR A R ] -

AN e T R4k E L ERAHRR AR N - EL7Y 2008 A7 iAEHY R TH California
Green Chemistry Initiative(CGCI) — AB 1879 (Hazardous Materials and Toxic
Substances Evaluation and Regulation) 5z SB 509(Toxic Information Clearinghouse) »
FERITR S (initiative) ZEORFTA R an AW LEY)E & /0B #Hés Department of
Toxic Substances Control (DTSC) » DTSC &y it kb LB/ th D EB S 2 B2
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MR EEYYE » WasRRr TR U BB RS - RRE A T ERREEYE
AV RAEERRGT » Bf& ] DTSC [HIZRLRS - (ERrsiEfiE DTSC & B Y LI
{EEYEE T E IR (ZEIEEPRAD) -

HEZGUAJNAY Children’s Safe Products Act RIFE$H¥f 12 BRI N ZE M AL > W08
Department of Ecology & {F 2R MG H2 (L2 s LEE B - IR 2 745 20
TTEMEEERHE DA BREFRE - AR b Z KRR T EE2YE
HYRCE S RS - Bt it R EN A s e T A R W R A E
PR > AHEHYE - TR EEHEm T E R E - SRR R (8
PSR RVE UL - HIRE Ry T R A EIREE - Prs A B Al 2
& > ZRHEMERROTEITHE > BRARME T EREH TR LY ERIH -

Rl R B S AN R R RERRY S AR B S > (EBUT ~ TEF KR
SRR 2 R DUS A B R R B AE B S E - CUVE B R Y
PR~ Bt 8BS > RUCEREEYECSAITEECE o R SRR SR E
Bl SR AR R B - BER DA EYEIVRR - B AT £ TS T

® EEIR(REFRHE ST EIREE RS > B T EERE AT S -
FENT A EREENHIE - Disa T RN B R A R SR RO AN A EIHEE -

® DIcEWE) (matching grants) ASHERNINEURHRIE NP B3E & FRE L 2 &K
it > TNBR B R ~ $RAL AR el a f FR 2 T B R B o I A T &R R
728l - FRHAR B GRSt & R T A R 3% -

® RUVEREFMITHL (Source Reduction Clearinghouse) - DARESRAHRHE
B~ R fa SARTE ARV BAE ROk - DIMIRGTEERS - B0 MR AIRTRT - a5
4B LR RIS -

o PNEFRVEMALSYERRRE T A EIREEA ST ARSI E R E
{5 R AR &R HEE TYE RNt e EcE - B T
AYEOE R ~ BUCTTES - MR ATA R ARG AR -
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(AR EEE S EE(EEPERE © Presidential Green Chemistry Challenge

Awards £ HHEIR{RZERY Office of Chemical Safety and Pollution Prevention &

Bfy ~ B American Chemical Society Green Chemistry Institute [ & 2 4505 » 22

BEARIE . H B2 7 5 AT RS BT RISk L ER Rl AR T T B 58 R 8E 7B A 2 - JHEAR I

Z
o] AT RS R AR /&R > HARR S F &R T Ei

W

BTSRRI AR G 5 [ H 2B BT )T A - R B4kt LERaY 38 U7

®  VHREREALERIL - (Il - FHEEE AR - MR AT R A R SR
BEmyE -
® VHREEFIERHEMNERE -
® VUHHESIASEHAERSE  H T SIRIVEAL ) Ba A E0E S s = At
IFEFIGHE -
® VIHEMEATIN Ry E A AR ARl B -
®  DURHIEEIA TRy EE AR BN S IR B B R E & - Rl
HEVRG T ZHFEEER ) f(vHP—IH > B T =IHERERE ) B8 0 A
oy T AR EERE ) T RERRE DU TARERRGY -
T\~ EEREG L O R PRI R i Pt
SRR | etk bR . ANToe 27 &k to 2 FEfGR A
- BBy
(Greener 1% (Designing ) (Small (Greener
_ (Academic . .
Synthetic Greener Business Reaction
i Award) .
Pathways) Chemicals) Award) Conditions)
AR A Y _ . |Atorva 17 5
\ eAEN =4 SEIRILSE | o
TRk 2 7 | Gt ;‘ﬁgfﬁng EE;EE ﬁi % W B
A pRIEIA) | VRS | T |(Avorvastatinggs
K e i o e
TIF R T B . | PAEEES CO \
L el LTS B idiged [P ST
I R | | BR TR | | M A R
o xR A g E e s RMAEHR (5
) ih fEH 2% &AMk
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Pk v
T

e ]

e (L Eﬁii;ig WL LW | BB | SAIK A L
FIFEAZHE | o GSIET | BEEhR | R
AAREEBBRIN | e oy |2 IR ) i |

e sy | L BB ! L34
T RRAISHEE T | R Ry | P
HEAEMRD BN | g ETEMIS | |PUREOH
(R e TR wEarE |

i e | PR . | L
(A o | COL D) |k per | DUEIBEE S
et | \LCROTE )| e | e |t
REMEETIE | g SN PN = It (Sitagliptin)
P T R A SR P

i Ll sl el -
LR B | REMRR SIS ol Eﬁ i

o

UL 7 | FIFABE R (E8 | #5M CO, R—

SRR | B AR R | SRR | DB | (s L R
oq te UURFTRENRE | TSy | Egaan | %o
(Simvastatin) = ¥

(BRI © At B1THRE)
ERGELERREIBUT - Bilgft - TR > B BUFEBEARYIERR

TGl dh B ERESEARY 1995 S LIAT K 2005 - Z21% 0 i

BT 1995 F£F

2005 fERE 2B ETSR ~ TEFAVGRE(LEER » Y 1995 52 Fii =B B A5 i
Pollution Prevention Act kz Presidential Green Chemistry Challenge Awards #<{778/
B TS5 ~ Bl ATak L2278 - {efif 1995 & 2005 4F[f 20 #Ff] -
EEEN GCI ~ HHEAZE AL ~ fmiE ~ HETEHVETL - BB 5 T ESF S
B AMERTE TR Z &2 AT hER - MENVE D MERHEAE
ST AR BRI - TRy 2005 21% 0 SBINBURBHMaFE LA » $HE
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MHNAEE R EERYYE TR ] - DU Basia M s =B (1995 7 B2 7AFER
Hopiatk) - (HRRs RSk BB - MR ACK O LE TSEAVIEA -
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332 &K

)k LERERRE « 1 2009 4 » ZE KM A BURF ISR LT 2 HAth iy 4
SERPERLTT T AR LR, o 4B G CECR (Centres of Excellence for
Commercialization and Research) Y& &1l H #8505 17AE NS K 2 RIS & Y6 1 1H
THIRERE - AESFoR > SREEE UL HIEB SRR A SE S SE & - 3%
TR Y EEE A e SR AIERES  [FNF &k b2 O AR EHERS 12 THSR b
EFEAEA 12 TRARE TSR o FAh - MIZE A&k E(LE24E4% (Canadian Green
Chemistry Engineering Network) & &/bE2 ~ AV LEALEE TRZAY S RIS AE4E
EANRBRAL o SRR AAMEES (ORISR TR - (B2 > AP LRV BRI E
FALFEETE  JIEREk L2 TR R&EA R R E R ZE E A AL

'@ s
wenire

University Industry

Level Level

&7~ JIEAREGEEERETFE T 0

(&I ¢ Green Centre Canada., 2017)

GEefLE2NFEAIES THEEEMERZE - IERIE S RCEYEETT
% B RALEYYE E T 2 E IR o A bRV E B A SR A LEY)
EHTRES (Strategic Approach to International Chemicals Management, SAICM) - iE
Ry T M FUKE R R Y EERE - TR R BB AR R E
AIREER > SHENIEETE - &iGET 2 TRACE LG R e -

I ARBUR B S A B & A BUR AR A A [FIE A e - BRI &
HHE AR AR R B G ISR HIE - S IFALEYAZE FE b
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EREENIIEREREEE > HAtgF s r it i #8 e 2y s
YA iE i -
(D) EALERARBIBCR © ISR f: 1999 A mERIEiReE/ A% (CEPAL999) -
IS ATAIAN N B R BRI (R i A S - £5R | THPISRES ) R
CHBYIERAD - CEPAL999 #iJE 132 Ml AR G G 2 e - BE
® CEIIERER RN ARG SRS R el E bR Y A
BZ VA EETTE TS ANIBEEY) DU R A FYYE VRO v DAl E
BIAEMNE] AR S E I R EE LT ErE AR ENUE
® AEEMAFRENACEYIN S APEAENE TR KE B EHEUREE AR
Heb@ & TEREE S A S Epe EHE A -
® iR h R KB I T Y P DA CRER BT 27 2 A R (B

O EEEIA S Y E R KA
o B AT USRS R B AR
2006 4 IE 3T CEPAL999 » B4R LAyt il - W RS 2
s ARG o (LI R LR T A AR R R
o LTECERE LB BRI S R -
o GAEEFIH LR S E SN B R S B AR -
o IIEHIEEERISIE: -
o BN AIRE -
o HABISHLEYREHEREE -
o EE{LEWNTHERR -
HISEAHEIPY Y %5 (Domestic Substance List) HETrfi 1980 dHEIHL S
VIV YW TTE o b B P R O 7 A T A T S o A (L
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CEPA1999 F7E 4 & = TR (Y E A R A A VB E bl 2 A - 1 EL/R
I AR AT BRI E
o NEHENE (FASE EAREEAEN) -
® FiAM: (FEREHERERE) -
o EVREWNE (FEEaVHEREAHEL) -
® HERERBEERINYE

LU B IR - IIERAE 2006 %Ry — A SV B E TR BN B SR E
HEZE - ISR EE SRS MERVERETREAS U575 - B0 © A\ mEam R iR N
I BPIRIARIRASEIEIPIE % - b o] & IIEABF B AR EREREETA -
R ~ hE) - RTINS S - DI E LSRR ARAYE bR - Witk
sThHE MR EIRGE ~ B/ ~ #RE - (7~ B B0 EERNRS R B Ed
SHAY T 2B TSR GRT Al - WA R Sk LR ek T =

Renewable Low carbon Sustainable Sustainable
energy homes forestry agriculture

FYVE VYV VN
AFTUT UL

Ground Electric/ Electric charging/
source heat hydrogen/ hydrogen Hybrid/biogas Low carbon businesses
pump Bicycles biofuel car fuelling station hydrogen bus and industries

Bt~ MEAR B SO R Rk IR TR R

(&kI5E © Green Centre Canada., 2017)

3.3.3 B
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(JREACH FRELEE £ @ BUEA Y 2007 45 jif #1022 n B 5K (Registration,
Evaluation and Authorization and Restriction of Chemicals, REACH) - S$EjLIEEA &
b EEEE B el L B R s 2 L2 E RSB R LU B &
&~ dOBBLUE e E TRV - ERUKER RN EE o e mtiree 2B R
nn'E RS A OIS 24 - TRE 7B R BURIE S THYRG - =
BRI N B T RS - B B A B LR AL A A REERES Y 52
2 DU SRIEEEREE - AE-+/\FR - REACH AR S DU NS
® TECUAE (Registration Process) EEC AyBIAHT{LE2AEUR Z AL - RIS RE B
IR ZH R B 2 E 2 MR E R B0 L2 i 1B 1RF (European Chemicals
Agency) &5t DMEREARUEEEEYE - BONLE L FERREI AN S501& 3
FENSERE R e RN 2 il > 212R EE R R TR B R B L R e i s —
HHER > BUE R R T BT 3 R MGE E B I {EEY)E | 4IRS
A BE IR ARBE R IR R Bt e B 2 Bk - (LTS R RE IS B -
SRR R G RO E R 1A BEA(LEEY)E (Existing Substances)
FIFT{EEEYE (New Substances) - LG pgeiiE C1ps AT BB 2 SEMHE SOHI
s BB b2 EETEI S - i EEEE 10 AMEeyYE SRR b
B L2 (Chemical Safety Report, CSR) -

o GRIR:EMRELAXERR EBERNZLEYERK CMR {E2Y)'H
(Carcinogenic, Mutagenic, toxic for Reproduction substances, CMR) {&4:%& 50 > #H
B < IFIRE 2 E S 1,000 AuE 7 BEA(EYE K CMRABEYE © AR
EIEAE % 3 FFENTERGEET ) EERE /T 100 - 1,000 A BEA(LEYE /1
PR EE % 6 FA5EREED BRI 1 - 100 A2 BEA{EEYE ¢
AR IERE 1 11 FN5ERE SC A BV E A R B IE A H 1% 60
HA5ERRE L -
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Information: available - required/needed
Step 1: collectall available information

Step 2: consider information needs

Step 3: identify Information gaps

Step 4: generate new data / propose testing

Hazard Assessment (HA)? ! Exposure Assessment (EA)'2

2 Assessment acc. to
Documer::‘!?a':g';torgﬂon REACH Annex | is only

required ¥ substance
meets the criteria for any
of the Artide 14(4)

Risk Characterisation (RC)- hazard classes,
categones or propertes,

n y
Stop Artide 14%4)

or exposure based
walving to be apphed
(Annex XI)
Document in y Risk n
CSR controlled? Iteration

Communicate
ES via SDS ! Forsubstances < 10 t/a no CSR is required. The
Y required/needed information is to be documented in the
registration dossser only.

[El/\ ~ REACH G¥tifG %
(&% : REACH - http://ec.europa.eu/environment/chemicals/reach/reach_en.htm)

(b)ZDHC Programe : HEYEZHER (Zero Discharge Hazardous Chemicals,
ZDHC) 1Y 2011 FBHnlifT > Mt EEE R 1 BIEGKEONI TGS - 9125 TIEELL
TIABRE RS ARE - HIERRE R 2020 4 - Horp DRSS BT SR R R T

AT A E mZEUER b e i 2 B o Fridk & Y ik H BON TS5 B Y
oo BIANAE BN S > B MG 1 L R o ZDHC RT3 S 2 [RY)E
(Manufacturing Restricted Substance List, MRSL) » {02 5 838 2E an iy T 2R
ThREALER AL > AR IR A B A s I B2 -

ZDHC st Ry 1R/ D s E B LR S8 P S B - B BB e A
&t (Chemical Management System, CMS) {54 i - B0 IH 3% e B <7 15 b
ZDHC 51#(H CMS FraRrY 572  Horht» BURARIZBCRAR E # BS s LRy A (T
) ALEML > EHRE AR R FEE R AUBENIETEA - ZDHC Bl CMS iy H
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e e —EEEAES - BRI S5 T ERY o B B LS an (L e e i L
ek gt ZHR A - HTEIHMEAYEER] - (ERTA ARG BLESA 2 R & 2
R IE HAEEHEN — B 0 BT - Rl STEHEEN SIS & A an B HAY S (EFS B -
WA I AR BRI R TR T > A N AIVOE DS (A0 - T LAR)

(1) RO EFT RV EREHE - AT RS (B 3T o N/ - BZ)
(2) B EEEEEXR

Q) MESH T 2 E EH IR

(4) BE AR HRMESRAEE 2 B E

Chemical Management — Legislative and Regulatory Changes

International
Legislation
[REACH, TSCA....)
International
Aﬂmmm
Legislation
" Your

_company
BT - s S T

(2F 2 ¢ Giz, 2014)

BT HE R LR 4 SR ER S AR BN -
YR P - SRR AT A R - ST
SO+ F AT - J5LIT fo B A e s + I S B
BRI (R I BT & (PR + TG + IR+ (e
SRR - o R RS A s + A RS T
SRR (0BT -

B (L 2 L S S T A

EEEA WS B TR
o - EHAR SR R
R - BECMSHH ¥
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- HWNEEEAREREE - IR R E AR EN

SO . \ \ \
‘ e o AN B A TR

- AR LSS B B RS A R R
(£ g B EE ot AR B S B Ak
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- AL LB > e T

- T O E T P S IR T
. - UL L S E R

R LERES AT
Pk - L B Tk L s
(BRARE © AEtEETEE)

Ft (LT BT

HE B S e IR
- WESHEIRTEE

e BTN b i

4F 425 o
s B LB S A
BRI - EREITELNEEHE

- PR

- LR R
- SEERY LS A BN

- B R TR
- BEILZ R EREIR TS
- SRELEYEER - RTHEEREE AN
- BB TAEEEERE
(BRAR « RatEETTHRE)
CKELES : BN " WONEEE Sy FRIEELE | (EuCheMS European
Association For Chemical And Molecular Sciences, EuCheMS) 75 2010 E5HiA7HZE
BOMNAKE LY » GWFEHESE—R > fEEE 2 SEiETE -
® ([FHBEREEARR » 2 &R FIRCRE AN » FIA0F M A e
{BRIINER R FE -

® (e En] e ZEAMEER > WEER -

® FHISHAINIESS « (RIS E SRR R AR - BehnE R0/ By 4 &
FHEL » #at RS EIRRE A SIS AL - SR AN B E T

B e -

{EEEHE T
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3.3.4 HH

AR LR TR IR - BB RN B
(Department for environment, food & rural affairs, DEFRA) & & s » F B2 BT
IR R S (L) D HRIE () E R E B (3) ) /K B (4 E 4k (e
7 i S AR A% (B) BURN & THTtBUA BRFNZERH » BB B 4k Y LER R it <~ B it
Fie BB (environmental credentials) - HE T HE T FERET ARSI IS & 41 -
FEHSR LR E T AN REBHVIRE GG - A DA HIREESE R E Y
B o BN A TEER EE S | F] REACH #TE DU (2438 P =2 i & (AR A
FYE - lE PR - DEFRA Y 2016 FEMEBIEE S BT B SERT - AR
HEFTHIHENR - WE AR D S bR - skt bER R AT 1
BREOTRS & - TRIEA DI (R E R = 230 (B85 -

; Chemical

industry

o ¥~ Chemical
F Crude oil industry

Biomass

Fuels,

Photosynthesis Fuels, chemicals and
CO; release chemicals and materials
1 \ materials
: CO, release :

Bio-fuels

Combined clean
land safe pr¢ K Bio-ct
technologies

Bio-materials

B~ RS LIRS - AR N G A SRR B R S A P TR R A B R
(256 © LAPFALTZ GRAFF and J.H.CLARK, 2009)
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(b)E¥ R sk A BEBRANG © SBBUR BT B4k LA thaar 7/ D it5e
Lo il - EEkskee B, (Genetics/Genomics Competency Center, G2C2) - H
SRk O EE IR E RS ARSI - #HEE2REE - AL EEE 21
SOKERFEY R - 3% OISR AR L2V (B BT 7823 shiidE
SIS T > &Y5EREE (University of York) EETrértafBS2 EfbfFEt0 o Sy
BElfrE R4t BRSO st & n] B2 MRV &R (0 LEERUT i 3% =]
RSk EEBAEEE « Fiohst SR S E IR EBIBUT « (hIES e
floft z sk L2380 - SHIIMEE (QE —+—frr) - TEEREKES - F
ARETFNIAEYIREL ~ ke s - R (A i A e I T EH sk (LR R ~ U

B FERNE -

NORSC MUSC

Coembining the expertise of the The Chemical Industries Association
leading Northern England Universities and the Green Chemistry Centre

to provide sustainable chemistry working together to create new
solutions to industry green and sustainable supply chains

for chemical products

Anglo-French
. Green collaboration
Promoting awareness and ? . ;
e ) |—— Chemistry | __ chemicals from biomass
faeilitating, education, —~ )
L . Cantre of Excellence using green chemistry
training and practice :

e and white biotechnology

worldwide

Green Chemistry and the SUSTOIL . ) ]
Consumer The internationa, Green Chemistry networks
) . Tetw worldwide
Green chemistry solutions merk_f or
e . lternatives ro Greece, Portugal, Cyprus, Japan,
efroleum UUSA
the retailer and producer ' .
I Korea, Brazil ... ...

i —— ~ &YTREE (University of York) EET7 %k (0 LEE S BT 0
(£ZAJE © University of York, 2015)

AR BB T G TR B EBURT H B 5 S ik BB e ik S S e
LG o HEIM SR (E RS - B AR R (AL MR T AR R P S F - dFF
SRS S SRR E R RIFS 77 > Ry BRI EHEBIANT - SR O

=
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s LEERE - (EITRAEH R SR S R ORI 2 - [FIRFHECRISER JIAIK
EHYREIRALIE - SEEILER TSRAREDIARY VRS R (DR EE(E © QRETR 5 Q)

2z s (OFIHL : O)& S + (6T  (NLFMEH - @) RS -

3.3.5 fERE

()4 Y LEBERE AT « (EEIH IR Y 1999 BB LEE0R - A HE
B ()NEFMEAMR - AERFAVEEGR Y BRI MY E A RS § (2
(EE - SRS A EE B ARIREE - Q) N RIEEh A SR L)
B SR M 5 1 R B R S MY E E I B Rclg n] 1Ry E - D EERIR
RS BHYTERRIEE ERRE B AR -

Bt FSERI R A B EERH SV BEOR HE A CL e sy (L2291 R I i 2 T R R e ARG
A8 At —REUEREEHER H CHEMB R  EEEE L EEEMARE
RV - A NBSHIERR E R - [REIRA R Sk LB 2 AH BR A
T

® DECHEMA (Gesellschaft fiir Chemische Technik und Biotechnologie) : 717,

{5 &k A LR T ARG HA LR E i Z AR REASCR B K G 1 - W07 A1)
IsE = Bk CORFIAME LR 2 MR » 5B SRR E R A AR EE R &
RS EE TR ~ BEESRS EAR

o HELETRRMG @ BN FLLeNRE - FENTIFNEEEE

TR~ i 2 e SRR D R YRR RE TR AT S48 A28 TR R
® [EE IR 4@ (German Federal Environmental Foundation, DBU) : {#

[ R A e G BN B KRR A g - E AR (e R PR R T

=

[==]
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J> 2015 FEAE BB HEBER IR Frag 2y 2050 {ERhir4S % RIS 2 FREIFRERE
& (AE A TFR) RIS IR A PTSER EARRE R - MR ENE R
BURZEA(E ] RAFERALEI LA TR IR » skt b i E S -
Low-carbon strategy for 2050

Targets compared to 1990 levels

‘- B
[ -~ 1B 2050 {EARALR SRl
(&% © European Commission)

(DEEMEEBHEHIRE © 55— )7 » (BRI R & Ay 2T T e
anfH S (Chemical Leasing) - LR —THDARHES R B mIAYRG SR Al AE(
F A EERBEL > B bR E A ar B IR EE - 4l -+ =FrR
e b BUER L T E B B AR M 2R E - BB E
HIRE > AEEFHENCEMITIREER & - HEEAEE ST RIE R LIRS
B LSS A RO PR A R+ (RIS e (B B B2 S R R A G R
F e o
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Traditional relationship Chemical Leasing model
Conflicting incentives . Aligned incentives
Service
Supplier Buyer provider Buyer
Chemical Chemical
Consumption Consumption

wants to wants to wants to wants to
increase decrease decrease decrease

B 4= AL HE R R E
(&E45 © (UNIDO, 2016))
(BB E AR 21 ety (B =4-PU) - HEMFZ B3 - P - IR

M SEE S b2t S VB RN el I S h a8 & (b S an i - 2004 Ik ER
BB AR BRAGHE RS (b TS ZMER & (FRI B SR G F R AR R Rt
ke Bt A A [EI 5 HERS (LSRR SR - 2 ERIEAY G FELT - (BERmFHE
HIE 2k EMARE R SR DREIRETRURE ~ 1RTH b2 an m be B B4 A\ AS R
BEEAOR B G RER EAP O EHIE - e B LR E TR RE - HETHIR A
NGRS > SEEIREES BTG RIEE - DOLEERERET - 1L g BR
Tk R Ry HIARE -

- FIRST PROJECTS

REGIONAL UP-SCALING

- GOING GLOBAL

& U~ ARER A S I S AR
(2% © (UNIDO, 2016))
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{bE2amf EHIE EEE DUEER A F R 8 P B E R pe 2R > (=
PRI ZES2anlIFTARE - HEVSEEREE IRy E 'R E)77x - (B2
o RO EE A > IR R AR s - (RIE - AR R — T Al R SR =T
AIEERAOPHEES - W AR o RS A 2 MR bR an P B R
FEmAEaTBIMAE R - FABINEIIER A4 > R bRt 2 fIRY S
TEFTEIRERICR -

Exchange of expertise and
optimization of processes

Circular Economy

} Contributes to

Less chemicals used More added value

Less negative effects to the More benefits
environment, health and

More quality
safety

More shared
Less risk responsibility

More incentives for
recycling chemicals

B 7~ BEELE S E S EEERTG A 2 S
(&5 © (UNIDO, 2016))

{EESEFHE HIFEATMES R & SAICM 1957 15 B2 REACH FAERBEIE 1 (R =
HHH A E 7 E LR R (A A ar B R - SR b e BRMER BB E BAG &
{58 NG IR RIERETAY A Fl2 B IME

® (LEanfHE M REACH & B EN bE2 B iE s Z IR RRAVE 128~ Ia

fr B (R HORIBHY S -

o (LEfHEM REACH &gl BBl & S 1755 » AfnBlisng - #ng

tH IR N =

® (LEAHEMN SAICM BEOKE B MilF 2 b2 anfH B R R R AR B 22

EARE -
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o (LEmiHE R niA B EHEE IR E e E HE - B REACH #&
ZARHETM MBS Z ST R 2 B A -

3.3.6
(s ELEENEER AT - Fr g ek BERHER) 2 2R R bR B S

RESILER(LAMEE SR RN TEH - A E bR - BEENEY) -

Fr T REACH SMaF B b E a8 IREAMEERE - 53 -F L IR
EAHEHEYE R G Y REECE - BIREE - VHEEEREE R T 2BIEL
B LB mn e S AAH B b T PR B CiE AR M - B ARG TR
RUE - HECREIEFT S MEN ZEIRE » ITFREREEFEM 2030 FRE(EEE

(Sustainable Chemistry 2030) - i EAHRA LA A SR S VU(E ARSI - ATFAER
R IAZS ~ LE A SRR E L ~ A2 i) A REEPAR E R RIS TR

% -

(b) 3%tk th (L ER SRMRIE S © T 1Y Greenchem JE—({EE TR S8 fek i) 5 4%
TR el R - FENA AR AERE 4kt ) LR ER
HHEGEL Lund REAEPIRI & ~ BRIEEIEE)R % ~ CIRCLE (Centre for Innovation,
Research and Competence in the Learning Economy) 44 Kz /\ {2 57 =8 B Fram k- J\
{EZE SRS oy pI AR EA LR S AR 7E ~ EH R [mlU - MR sl ey A e 2t
B S FEFIRY AT a8 R DU 5 LR 7 7 S T ekt [RERE Y
HZEE > BfE Aarhus Karlshamn ~ ACO HUD NORDIC - Akzo Nobel Industrial
Coatings ~ Akzo Nobel Surface Chemistry ~ AstraZeneca ~ IKEA Kz Perstorp Protist ;
Greenchem {4 (6 LA 38 5 1 B8t 53 B WK HE PRI - — b ~ B
FCRVEE] - 1 s —(E 2 fr g B s B - 2BOIRE - sk ELE & T HERR
Y ~ HE/KEEE - RERGRE - GOECHEE M IERE 5 o e bR E AR b
B EE— bR S e B Y o B R L B pE oy AR VI S AR AL Y - (S — 2
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ISR > AR AR AT A VBB ME HUS 2 5 ELIFRHE H L AR [ S 2y - %
PERGIORE TR e B o EanfE ERRENSERINE - HeEHsE R ERRRIS
Ak EL i 2L -

(C)VBEFRREAM © By 1 MRS LEE b SR igHIE R - Greenchem i A=RET7
iR A&k O LS B BRI © W0 B BOIRRIEGR MIEEEEE R - DU Esk
AL E I E R - ZEFEREORERTHHY > P40 - Greenchem BHZ% T —FEIEYIH
AR AR E ZE A - (P ESHERI B E T (LEMEA %2 b ] R (E R TPy
IR AR Ry e ~ R B2 BRI RS e hnfY R S MR o » 55— 5T > H Ailf &
s A MRRHE FGEE RBREE S — - L 2030 1Y H RS AR 1L B bRty
B > AR (EERER ST 0 (REGIR PR RIR Ry A rE i R A B AR N

Combustion
Gasification
to syngas
(CO and Hz)

Hydrogen

Fischer-tropsch

fuels
DME
Anaerobic
digestion (dimethyleter)

= to biogas
= Fermentation
.... to sugar
1 Pressing
, and esterification
: Hydrotreating
of vegetable oil

Biomass Conversion process Biofuels for transport

Methane

FAME
(fatty acid methyl
ester)

& 7N~ it Greenchem HEB) A B AR
(%55 © Greehem » 2016)



3.3.7 A

a)yertall ES EAIM AR EEE LATES > FEMAIE 2015 FEATHE
tHAy 17 {E7xEssfE HAR (goal) kz 169 {EHAY (target) FriliE - ££ 169 {HHAE
dro 41 B EFEEAMHEBBCR - EEEE K~ £ BRIGHPIHE] - VSR -
e T T ROKEETRER L (sustainable consumption and production)
GGk LA BIEIDE - (e R St EilET R O LRI ST BT
EFKEHEEERE » AR A BERNE 3 » FEHBERE -
WIHIERIUL (Green tax) ~ BTESERT - WEEGE(LE 12 [FARHER o2&
Ak E g 2B - It ARSEZGEEHERERE TR, — Bl
EEARGOER  FARMBAOELNEZERS  HEMUERTE L7
MBS LB E D ARG LERHTEERE - [RIBUMER TIEBCRGIESD - TREE
LU J57RZES] TGt & (Energetic society) | k. " 2Btk & (Participation
society) | - H_EM THYBCREC BT B2 28 fUKEBREIEEE -

T — R S LEAERBUR

W

BER BT 8t

FEEVTE L fe e AL EE SR B R (S AR » AR DTS AR R B »
EEIIN
GEENEHE

KEIRIRE RS KE RS R m /KB TR R

BARERRE P B B AR R PR

REREEE He e RE R (SR B AR AE R (IR

e EEBCREHENR - #& LU RIS ERR

SRIEE PRI T - W = RES TR

(BN - AatHEETRE)

(b)E¥ bk tn LBBRAM © H ity 4k o BEE B AR B BE R ~ 4

MR~ TS R B LR R S AR Ry L 0 LN Ak BB RO+
R
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Tt RISk LT ZE S

1SR ECER N 4T Feffa 4t Feffafi
FIFH — S bR B SR AE Rk fEUED)
M &ALk | FVERT NS S ARG - B ATEZ A F] i
Bioclear earth MEREaH | EHR%KE > @4  Hanze University -
ST University of Groningen » HA{3AE 5 hIHE=E
JH:B‘ZTTI O R N = s 0
Bioclear earth REfRHUET Br P & ﬁﬂ’ﬁiiﬁé TRAE Ry
Company and J5& BT 5 2 B B ﬁﬁ  [EIRF AR IR AT AE - 2RI A
University of applied | Al Z YR -
sciences Emden-Leer

(2R - AeTHEETTHREL)

(OFEITALERAERRAAR « (i RBUF IE R IHE R (BB RE A0 A — - Fs
RS GEESRVIFRT > B OLR2 Z ARBES B R R (R - BEAER
FESE ~ AHEREEZE ~ GOEERE - ARTEEE - DU RIS
%o BN LEAEH R AT RO - HARRERG nR E B g SO E A
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The Dutch Chemical Ecosystem

A

Dutch Polymer Institute (DPI)
 d

Pre-Competitive Research Into Folymers

7‘” and thelr Applications
Green PAC
Polymer Application Centre

tn the Northeast of
the Netherlands

<

BE-Basic Foundation

International Public-Private Fartnership

Biotech Campus Delft
Natural Home for Innovative
Industrial Bletechnology

&

Chemelot
Cutting-Edge Research
& Open Innovation (Limburg)

P

Green Chemistry Campus

Accelerating Die-Based Business

Deseloping Sustainable Industrial
Bio-Based Solutions

O

Port of Rotterdam

Europe's Petrochemical Hub

©

(Bergen op Zoom)

&

Institute for Sustainable : Plant One
Hotterdam-Rijamond Reglon's

Process Technology (ISPT) No.1 Test Facility for

Speeding Up Innowation Processes @ Sustainable Process Technology

Bioprocess Pilot Facility (BPF)
Unique Facillty Where Companfes and Knowledge
Institutions Can Develop New Sustainable

Production Processes

B At~ mRa bR E R AR A

(&E& ¥} © Chemical Industry in the Netherlands, https://investinholland.com/industries/chemicals/)

/ socio-economic systems \

ecosystem use and management
other capital inputs

human well-being

ecological genetic
processes diversity

functional
traits

biodiversity 4 27

richness

biotic
| interactions

state
\ present and future /

[ /N~ T R R A RE R R B AR
(&E&F) © http://biodiversity.europa.eu/maes)

response

« policies (agriculture, forestry,
fishery, environment, ...)
« stakeholders and users

iz‘.
E
SN




338 HA&

(et LR  HATELR O LEAYERRERE R 1970 £ —BrHEAD
ETHIAFEIRA - BEE K ER R ER RS 0 WS LB HAHERE
J Ry P B A B EE 2 — - Hidemichi Fujii f£ 2015 % 7 H 1970 EBHIGE]
2010 FfEEAFHESROILERAVIER - Fiji ReekO bR SR BT (ERT - (D)D)
PEfgE QKB IRAER - Q)EVIREIE  (EEEERE: G) Lk - 1978
FRRAA - SR LERVESERIIAIE % ZATMAE 1990 AR R Z BB =RV E -
NG LN E Bl R E YR - 2000 F£21% - NEBIFECR @ BE8E
ENE LA S ALY E RS - (RfEsk L2 MR - 1998 4 » OARTSE
85 (Ministry of International Trade and Industry) i © HAEIZ VAR S
YIF1¥AEETE] (Japan's national program on biodegradable polymers and plastics) | {i&
(SEAH R E SRRy S e > Horh DAEIRISE 5K 28 > (5140 Toppan Printing Co., Ltd  FiE
FE— T A ] g H sV EE TR/ - 2000 £ 21% - INIERETREAIAIRTE - (615
AALPARH S RO g BB 1R - 2011 4 3 ARYERILARE - (e fEE ¥ Alse
JRHVEEAR - [EIIE KRB R T > Skt BEHTHT ROl i E A A e -

() Bt bR £ HANSE(LEER T » DIAEYIRER SRS - B
frdnak AR~ BiE R A0 ZsETRER - (RETWENS > F ARG ek
Rt e = PR+ =Frai i -

60



TT= - ORGSR ZES]

1SR BB AL AT

Rty

RS

il AE B PR 2 g
(Asahi Kasei
Corporation)

A = S AR b
1 By B0k B A

AL

TR Ry TR —  ([HaH A E
EHIH CO K Ch 45a - ANAHRE
phosgene {ERyHfEIEY) > FAIAR LT
e iR~ EEAAERE - HEH
R RIREA S NI b
AL o pRDh AR B b B HE ST P 5
b > ZEATHUERHY CO K Clp -
ZEAER SERA L R S AMEAE
et B RIRE AR S - At AHEER
FHYHHEEY) AR S E A
Al - RGO B R AT

SE(EAT
(Mitsubishi Chemical
Corporation)

FIFHRE LT
EERTRE

B2 IR A G AR DR A A A B
AadBErATR Z — > (EE IR L2
BN HERGHA 89% - i =2{b2
2N FI TR FH AT Rl o] DA EE R = 2
99% - HAMTZ A% LJE AR ER 5 LB
WP PRl > TR AR » B —TEESE
AP ke B A i IR 5 WS E Ry TP R
Y o PR B Rt ol LK AR > HER
fER&Fr e R E R HARE(E
IS JEY)  ERAT CAE B PR T3 T s
b BUESAIR T » thak EIHRig~ 2
B T &I - FIRFREIR ~ KR ~ O
FRAGHIPEI L S H B » & ke
{EERVZERZ— -

A o] KB (5 R —)

SO RLER
DS

AT HAlE Z A EE A S
A ARG - AR VR MEE R A
FERIZE (nucleophiles) FRAEfY - 5 H
BIEx AR 2 (Cation pool) J57AR
FHMECR B - B H TG A R
A AR I EFI R B RS b R B2

b -

(2FAE  AetEATTHREE)
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(UEEBWEER « HAMORERES  58E UIREEY 2009 42 4 H 1 HAI
2011 4 4 H 1 Hoo RV B s LB T E L » B3 b2an - HARHYAE
T2 PR B L i ISP AR B AR 0K o (I H ARG EE S (Ministry of Economy,
Trade and Industry, METI) ¥ A&HEEYIEZE AR HL (Chemical Substances
Control Law, CSCL) #1%E » /A 2011 4F 4 H 1 HiL > TREAAyRLErgBLEIRg -
AETTRTERAY A RS - e M OR M T o PR T b T R RN B B
#O - EHEHR VAR CSCL ZHME @ HEEI Tl a i R — e
'E (General Substances) =& 4¢zE(LE B2 Y& (Priority Assessment Chemical
Substances, PACSs) -

o —RILEWHUHAMEZH MIWE + AEHBRA(LEYE (Existing
Chemical Substances) -~ ¥/ \e5R{EEYE (Newly announced chemical
substances) ~ {LFEAEIERTE 2 RIS 3 REATLEY)E (Former Class
Il and Class 11l Monitor chemical substances) -~ F#%51] A Z &S5 > (b
EY’E (Chemical substances for which the designation for PAC has been
cancelled) ~ ELUREN#X & BAI A B ATV HT(LEY7'E  (New chemical
substances before announcement that have received a notice of decision) -

o (RSt {LEWE « BH ALK ERES S S ERAE e L2 ER
EEPEEYE  (List of Priority Assessment Chemical Substances) #Efs
AU CEIE IR LT EHE - —oRBSaT il Z(LEEYYE 2 2010
FERUEEEM AR 1AW - S TIEE -

B EARIEREE - HARR A ZRIEH AN 2 s S ie ft ~ 51
gl - ALEERREE R (IUPAC 247E - CASIMETI &57) JREVIHsHE
AR Horh st — M LYV E RV oy - RIS IS EOR /N 10% 2 THERZ A
TR R R SAY) st EHESEHELEYE - RFY 1%5RE 2 METaE L5
F AR o PR TR A IR A RS el A A T -
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Existing Chemicals (approx. 28,000)

New Chemicals

\ Direction of Jong-term toxicity mvestigation 4—/)

+ Chemical Substances already beng manufackredimported L U
when the CSCL was publahed in 1973 4 ¥ ~
»  Published chenucals added after new chomicals evaluaton
Small Volume (less Intermediates
Y . More than 1 ton W than 1 ton) ale. “ PLC u
Exempted General Chemicals | '
Chemicals (7-8,000 estimated) Notification by
(approx. More than 1 ton e COMPanies P Not teodegradable
1.500) Manufactured/ impor ted Not bioaccumulative
Evaluation by the o _Less than 10 tons/year Confirmation
govermment Low Volume
Review by the ' -
“'-\_ . Jovemment " l utaka bl of il conian by scieesig Pre-marketing Evaluation
Persistant Jow sk : stz - - rtrime
Boaccumulative concem : e
" — : : Priority Assessment Chemicals
Monitoring Chemicals ;
(vPvB, T is unknown) : I
T H
ecn of I?m j Step-wisa nsk assessment
\ term toxicity / !
v

mnvashgabon.—
Long term toxicity to
human of heghat trophic
prodators

Class | Specified Chemicals

ansk 1o Humans of eco-system

Class Il Specified Chemicals

& 7L~ HASREIE Z CSCL #EEZRE

(27575 © Chemical Substances Control Law)

(d)ektt Rk G LERAE © AR 2000 £EERAT T &kt Kok (EE2H% (Green and

Sustainable Chemical Award) | - 43RS -

H BB T IR ~ BEOHE UGS

A ~ EEy - BIEREREUE HIETEE - B ES bR RokERGT 2 BIER
e 0 FIERIT RS 2 THH (U.S. Environmental Protection Agency) -~ HrhfFE4

et MBS BF K BVG (Ryoji Noyori, 2001 =35 H E{LERI%1G £ ) 7t 2005 42

Pk LR = [HE AR « FAREERSR CO, RtkOaR » #ME(k

{ESHE B (i I SR T A BB 2l

=10

HITHERS

i3]

 HA ekt SOk @ LR AT R P i

&R~ HRHE T

B

#]H - b - HEgh - FRE
FH%

FR7KAHZE M e

h EE
SEfE

ST 1T 35 AR
S

{58 FI7K Ryt B Z MEEREN il 2
&

M CO2 AR ERIE
4 E TR R P

SR I LA (L

=2

FURIERSL A Z B 5 0
b e

S TR(ERM A
v S EHHE - AR

SN TIRALHTHY A SRR
TZEAETTA

SEBIREIE 2 DDCRE
L PR T T A
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http://www.cirs-reach.com/Uploads/image/20160523/20160523142824_14582.png

A E 2 W B g

(e-Caprolactam)

B S A A

55 2 i B M 1 S R - TR B R

FEF RS 2 5Ot
fedhiaf - MRsRAER KR E

AR | e (g o
B A LA | Bt VR (LD 2 -

RInayE it
BN AR | TR BRI R

[ R AR B A A b

SRR

78 I SRR i A 7 TR i
HhSHifE

SRR YIS AR KL

,@%U *i

I FH [ RE I PR
A N ey (e

SR AR S BRI
i

A EAE RGOS

FEHEREAZENT

FE R EN e flr 5% e S8 B 2wt

FE SRV IR TR R (e HERE

LA BE AP i

F KRR T2 1L | PSR Gemme e |

AEREEER |t SRR

P L | B |
R

FERIEEE & BikEL PREARA R

(2R - ReTEETTHREL)

(1) ERE

(Canon) A F]—HE I B S LB HE T [ Ul T H HI EERE

HAED 7 £ SR B B Bkt B ER SR RIS e Al o
BAETERGOECHTZE > EESIHETHEEVIEA

2R B RS Ry i > G40
Eomtf o

PR ZIRIBSIR ST I T IREN o3 35 > TR REY Mt Y TAZ BB TR AR L

HA BRI oy B & F B
st LR S (LIRS > MGRICYL T (N B 2 S o B — I BE S ek [ml e ot

- (2) 1/ 5] (Fujitsu Ltd) 2

—REBEE R

%

AR RS B L P B AT Y - TR ARG BRI Ay A AR TP T AT
& LA B US-based Anything IT BRERHY SRR H RAREE 1R S

e %

FESE SRR R L A VA DR LS B (R
A (NEC) =]k U AR
HYHEZ T AR AR - ADE
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I LAR5E - PCB AR @ U S T B > M0 {sE A S ek ta a2 s

3.3.9 &

(B[ LEBHEES - AR SE L (Toxic Chemicals Control Act,
TCCA) it 1991 FHt¥HERREIH TR b2l T R E AR > HEREE AT
ETRER - FEACIRSAIE = PTEi B - BRI A BRI A F AL
B 0 BE EEEN LR E B i & & E R R L2 H R R TR S - FR
RIS (Ministry of Environment, MOE) /\& g (EEY)/E s MHEEEE A (Act on
the Registration and Evaluation of Chemical Substances, ARECs) - 7} ## 1
K-REACH > 7t 2018 4F 3 H 20 HIEZUEMS AR - FFft 2019 £ 1 H 1 HIER
Tt

FEEBUES ARECs HYIEET - 5 ATHEENHR] B 2 A L2 E S 2
Ko BT RE B e B R E 2 e FEE A &R WS EEHYE (Priority
control substance) [ M/ T [N ==EF0] (Permission) R &IE i
P - (R 3B ~ RS SR AT R -

ARECs THESTNEEE © BIE%HT ARECs JRGN A B 2 [ (% 18 DA
FOmBEEOR . MM R BE A2 B E e 2R ey mE M S E (R
smat ML) ~ F6E Z ¥ E (DB BE e KRR &S - BHE T
e EEYEZ 2ERHENR  MELTEREBERE - AR REEREE

HELTHEH -

s

il
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Category of Chemicals Regulated under Korea TCCA
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*By courtesy of Nam and Nam International

B = - SEEIEREEEL Z TCCA HEBIZRAE

(&7 JF : Chemical Inspection & Regulation Service)
EIRCUR - SREIET YR E Z PR EE S —
PE M8 B G E PR - G st DU RS A4 - AR RAFrY[E RS -
Rl st R LR i > (I B Rk BB B L A i S A T [ e - DA
EFEVAREES - EfrGH hEAED P ENEE (B=+—) -
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m=>

Achievement of green
growth by upgrading of
resource productivity
through promotion of
resource recirculation

Creation of energy from waste resource
and biomass.
Legal enhancement related to energy.
Fostering energy specialists.

B =-+— - SR REEY &R LR R R R R E

(&% 7JE © Chemical Inspection & Regulation Service)

3.3.10 [
()bpte bR « o B i MR 4k LERAHBARYRRRELUZAE 1995 4>

BIRFEER R T sk LER BT | KB LEAeaRE - Sk LERBRIAIE Y
S - 1997 4F > 1997 FEH) " B AT UM E DAL EN LR E TR ) F—
ZYIWHFEEE - BB Z R CER A RSk O LT T B MR AR
Boe - SEES > PRIk EERAE S8 TR T A — 2RI -
® PSR : BESRIRALRMT ~ BESRH N SEALRT ~ ABEEER T ~ RS
BRI ~ MRS -
® UMEIRMEAL  IFERVUM ¢ SRR b bR ST (R AR
IR SRR o ST ©
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® HIRELE  FIMETHRIAEREFB LU EEE - ERA MRS

® ‘LVIREE  EERRERETHEYIRE -

® LREOILIRSE © 1993 SEEEHTEGE RUMERE A MR ABERT -

TRk s Bt HE ORI B SR - BERDTE SR S K
AEFTEERE o B EEABH ~ SR ES T IEE 2RI - s CO, EAE
HEAEINSRES - PSRRI - MEHIERRES - FEIRFINGRE R LU
REEYEIEEER - IRERTHARE B BEYES - 2T HOR LR
Bl > HEak O LR F B E AR -

th B ek A L B A 2 R T R ER e B I R BR e - 12 FH IBURF e B
ARFEEADIR F B b TRE —F#E > A TIERRET - S RER RISk E
{EERBLRMTT e o0 » DA B BB R E 0 5 =0 B2 Bl g -
smiEDEE) - FHREAHRBHRSE - 2006 £ B LR G Bl LR H L B G RaL > B
TR OREN P IFBUN B P IRBAAEIE S F - ek (LAY S -

(b)ékEALEBAHRBRBOR « kO LR n R B E RS (AR B TRz —
EibEr R AT E B ARG - WIS IO EE L R R R 55, - o
H A ek LSRR BN BOR AR+ F TR -

T PRSI EEARRBUR

BER BITTT8t

FEEVIRIR | BARGE B AE AN E ~ (o0 A P2 e P S R P i

b

fETHRE R AN | SR AR AR EEA E TRGTHISR BB TAR - AIHAEY)
ES HRERE

fre HE J5 748 | (8K EaR Ry R ERSE & i BER R (L L AR AL RE TR - 380
P SR E RIS O RRIERONT - A E R ERE

(RS MG | EIREEIRIT ~ LA - FESEWAH - SR E AR
FE S5 o ] [ R A S R i R )

FEEYER | WEGREY S AERNINE - BT B REYRIE A BN E
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3.4 BE IS Mkt LERHEB SR AR I

[ = [ = - VUSRI AT AR e S B e Bk (o LR BB IR OB HHRA UK ~ &
CRHITIR TS S RS - ARk BB IR AR S B TR o SR 5 4 BOR
Oh ~ PRIEZE 2 R PR UROKEREIR RCETR - DRSS B 4k (L ER BB IR 4K
TEHHERE - RIS RGO LR BIRT N2 2H 1 - GFamBREERE -
Al HAR B SE B B SR E IV E E R AR R R ILARIER - BUNBIRAIE
ST MTEEN B = BRI 2 Bl > ELARER S (40 o B L e A B R Ak
(B2 R RS RERCORETHBARIEIESE - NIE - RARER T ESAY 5B
ARG HIEL 7 2 RES - etk O LSRR B E R COR F & S A B R TR B &R
7K SR -

B %75 4 B & 4} (Pollution and Accident Prevention)

LBy kg || 8. RV Fddh 10 TEM2 s || 120 R oM Smmt EhEE
I I [ \ |

2010, 3 By 22 94 H 4
it (Korea) ‘@)

2010, # B e bbb & & 946
2003, # % £ 240  F #RBFHS (Korea) @

1990, 8 & & ¥ LB H H s )
R AR BT foff Ricerman) 201,48 8y A1 A A

3t (U = 2005, 5 4 S & Bk & RASOUCIN =
# 4k f(Korea) (@) 2012, HHPEEL B

1972, K T K% 2 Yy W A R R %
% iklapan) @ |§’§§§;jﬂ§ﬁ*;’l LRBE” (Korea) 10}

v U v :
| 1980 1990 2000 2005 2010 2015 2020
T e i)
1995, ¥ AR A B 2013, % B EEME || 2015, 5 %20204 6
BAMS REREHGK) & 4 (Canada) ]I FEXEZ .31
F=EFE+ 4 AL : — l (German) =
E e Efrfef@ A 2013, & & A K H KA R
TR 0 Bk R Hi#} o (Germany) HEE 2015, & k& EXFHAR
FRD BN RS HHI(UK) S=
#) 5 % (China) [l
2015, /&% & & F B3
(UK) ==

B =1+ ~ BEEARIHDTH BN skt 2R R A E B
(2FAE - AetEATTHREE)
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RERERAE

(Safety and Security Assurance)

[smresseesn |amteeenets ||sexenmmmumnl || 1005 ais ks |

1976, % #H Hix¥H
EE(USA) BEE=

2010,% & % #%4t
wWibERmitas
(Korea) (@}

2016, 3t REA LR
BEA(USA) BEE

2016, % A B HEM D
BB AT (UK S

2006, /i A REACH
(Germany) [

2010, LA B2k
% (Canada) [Jw]l

2016, i EHHA FWH

HEH By i 7 (Sweden) B

2008, B K% % 52

2012, 3 B B H

2016, b & 4 2R

# #} & (Korea) :.: % (Sweden) o mm (Canada) [J#]l
| 1980 1990 2000 2005 2010 2015 2020
1 T 1 d
1973, AL || 1991, 2 3 5 HALE 0 H 2003, % & T 2011, 4 & Kk O 2015, 3% 3 2L m A
B BB || @R A (Korea) @) = KA m ¥R BT | | B F AR (Ush) BES
Uapan) @ RLHFHHZ 5 (tapan) @ g——————
1995, % # AR LA B ERA | | # (Canada) [l 2015, & 1 A #AL$ &
HiF g ak) B—F 2010,4% B b2 T £ Py 21'E2 3113
B4 AR HEEAENT & TALS SR K # % %(Germany)
RIRFEHATE  TATRD B 7% (Germany)
BRENGAE B EER —_— 2015, R 18 B Z 20
o512 4 Hl B A e B 2008, 7 R AT R H (USA) B
TR EEREHER] #1 B (Germany) HEER —————
#EHEEAPEBAEERE 2016, st 3 B R R AL 5
J& (China) s A SR 4 (UK) S8

& =+=

(ZFHR

» BB RIEL 2 R bR 2 &R O B R AR BN EUR

RatEETTRE)

K 4k #E B & & 7B (Energy and Resource Sustainability )

| 25 7aa || oaxstimmus || 7emmemn | | 0.2 paromin |

2007, 45 “J F 4 AP o oT 5 B R
o 3t E R R A AL S A 1ee B
WA > PSS Ak B

4t (China)

2008, G

HRAFHRACE
A & Bt eh 3t 3] (Sweden) o mm

reenchem$Z 1545 A & A T B4
oo @S T ¥ P4k

2012, 2L~ RMEEY
P12 B & FALH AT (UK) *ﬂF

v

y

[ 1980

ABE S ~ 450 Bk A o T
41 & % (China)

B =101~ Z BRIk

CE PR

eIt e D

(Sweden) pmm

1990 2000 2005 2010 2015 2020
1979, & £ iR 1995, ¥ 3 AR t4v H Bl 7% & 2009, 38 i BAAHBLIR 2011, % # 20504 35 A f6ak 48 7% fu2
% (Japan) @ W REBEGk) $—F %, SAA ik M T 6F 4 #h Bk 31l (Germany)
Bk BERB EafeE Fo Ao

2009, 22 HHA F
P EHEHEH
(Germany) HEE

REVR M B < St LR IR AR
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REtEST SR $ T 4k O LB BUE R AL B A R BCRIEE ~ B AR LU
Bites - Gl Ry HEE RIS ELHES TR I - AT HE SAICM TR EFE - Ba iR arEfe s
BEEHEWE ~ ISR EEL NS ERFBORE A - B S e A
{TEERER I - EISMES) H AR R AR SR & B0/ BB -

TN~ BNk LSRR IR R HES) F A A it

FEENTRIR

BTG

cilt
I
o
a
Eﬁ%

>

>

A\

SRk sk (LS R H T A (Reach 81 ZDHC)» DI B A Y
bR E RS & o (B

BotkO BB O TREMS SR b2 BV n] i Rt
B — (b2 an A FE B A AnfE A B 5 T TR B2 an (R
BHEEmAE - (3RED

N bR E HIEEZ PR - B EE LR BRI
(BB EEAEHEHIE - (SRED

I AR2HEGOEEETEENER T8 ARGEE
sk (EA RGO Y REZ TR - R AEIETEI
FrIffE Rkt bR - (T35

ikt LRI > (R EEE PR ERET] - (Geil)

HREAA

BT E R - R EREREEE  SFE(LE A
OETH SRS o (fER)
BEEH Mz EREE I - Wt hE I BEER O %
ERERA - (FEE])

ERTTEREESEE (environmental credentials) FIfE - B4R
LR 2 it TR0 MR RGO hIHH
B - (BED

SEF TS

BEIrsk O LR SR L BUESEFE VS - 2R
B BB e R AL AT R 2 MRV SR C EER Rl 5% -
(BB

REILERE UL o KRS SR e SR S e 2 1%
Fto WIRBRNEERFEAT » BEN TSR E LR ESE
SR o (JIEK)

(e REJT E i ek EER A an BRI AY R © A HBU TR
FOTFIBGEEIZE S IEE &k O L2 E mAYE R - (Fmit)

AREEk O LERPREREE - DI S Bk Ak O BB
(BCHE ~ 2B~ HAD
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BURTTHRERRCE - BIrsktbErEiEE - (T8

(ZEHR - AREtEETTHRE)

73



BT  REGELEREERGE T
AEEEI TAEIH H Z T R0 =+ HaR 0 -
BREANSHG 24 ELERATRERAR

s TEBR AN LA T4 KELRIBRELTEMBIEE
c BB NP EBBETE M A
« BHERE P 5 AR T & LR E

S EALS MBI LA AR 3 &
BARE eIl FHI AR Fag il

~

T

o | HF I RE® | MEIR

ot

BHeGELEABBEEEMWBRE

c BERBAEELERBRRBEFEZ L H
* O ELPRIEREERE TN
o« (RS A ARt =3 B A

=17 - SRR S ak e LR B R R B TR A A ]

ANEE G AR B P A B B A Bk B B 12 JH A R AEERALR 6R JRAI
ZAHEAME (AREATER ) o o Bk (0L ER BB ER AL R AR R < B BELAH A
FEE RERRE CERE U EHE R - Graitila - ERmEREREEE
Hleg ~ KEREIE ~ BV E G - BRIREE N E R ~ BRI AR
TR KGR A EEE - FYREEMER) -~ RIS (k&
SR ~ M - RN - RAMCTH) ~ &OFEeIRE (iR LT
-~ ARSI )~ B (BSR L2 AR - ST ABE L 2HmAETR)
#2EE (BAEAEEERD) -~ B (BRI Aok @ st e ] ~ TRl
Wioessie s ~ AaREemEE) - FEl (RaEEEE) - BRY (B

SREEYIEEYIE R ) DU BGES (BRI BGE] ) © Ho gt BERing - &OEE T3

74



R~ SEERAETEIR « SSEUE - S B R = A b o (L o R
BT » A A AR T e -
BPE - B (LA 12 TR ERRALTE 6R [ HISE & B o HER B B
Bek
. - R | B AR
o | e | AT utind "
%ﬁ%%ﬁéﬁé OFILER | QaREsE
BB |- RS (A | QRVEEE | @R
S Eﬁﬁ%>$n P
557 @F L7
L (SR B
Zﬁ%&%@
s
%Zﬁ%&%@ (L
b (S e | ()i DI (L
s N B | A
SRt i @) LT
B AT BT | (L) BT 55 47 55
B K - W | S
s i
2 LB T
=z >
- OV | QR
R iggiﬁwﬁj () HE R
R R %@@%ﬁﬁ%ﬁ Y A
o (8)Jk/ V1T
AHEREE ) oy gy | OPE
R i
o AT kg | ORTHRS
e N Ul
BTy
BESRTE | eyntie
o SEENE
REEVEE Y | O | OF A
REEIEEE | R R ORI IEE | Qa5
I ]

75




g

el A

GElLE S

Bkt L2 IRl
R

BEEREC R AE R
3

W AR Z HEED
FEBEEY AR
EREEY) R R
SRR
HEBhae BERIRRHY
[
FIEBE Y A
B EAHEH
YR

(7)f8 FH A R
(B)Jk T

(4)FEE
(5) P&

A
==t

/K E R
RS

it ZE RS R & B
B BELHGNE
b

{Ehi Kk 48 2 E HEEh
Rl

(VP IEEEEY)
R HyEEL
BRI
(6)aETREIRRER
(7)f8 FH A R
@)k 1)
(9)2E4=E B Ar Ay
=i

QB E

BB A

Atz

PR B AR )

)

(LD)BIEF I35

Fb56

LR
e e 2
G

becavammE o Tl
e

5e 385 4IRS
A
TRt T 35 5t
& 2 i ERA T
becavammE o Tl
LRI

AV AR Y
NS e P A1) FEE

(LB I-EEZEY)
()L v DR =S (v
Bk

(7)[sE A A et
(8)Jk T
(LL)BNEs 3475
A5G

Q)EE

B LS
HE

HA{EE
FEIEE
2~ 53 -
TR

HH L E
BRE(E B

()L v DR =N (v
G
Q)G E =0
B an
(O) E L= HEH
BRI

Q)EE

76




w — e (LB | SRR
o | e | AT et "
> E D~ | @RI
8T (9) AR ELFHT
B (LIRS | (L
ST B~ e | (L) 3
T
T (LB | (L1) BRE 9 4755
AE R B | S
i AL F T 2AY
B (LI | (LB R
Mg | s
B RS
RIS
B (LIS
N
T
. EAAEMETRAE
BT AT
5
O EEEn | (ORI
@BV HEEE | QZREE
B O
@ TR | @R
L e )it
| kEsma |- TzEmR (IR | (6)Et
“ L TEEEEMEE | @RV
o (10) 7] [ g = 3%
; 5t
. (11) BB 53 4755
- e
QFTEE | QEREE
s ﬁ;;%&%% O
b T . ENEagsEe
s Wi (ORI
IR () F A
(o) %

7T




= N . A LR | SEIRA IR
o | TEPREPIRA | ABASEH TR b "
5
B \
‘ (6)sk e EReR
SBHEE |- R .
S (7)165 Fi P2 JE
il o i
WEFME |- BFIOEER |
e AT AL *BB /g
e
OB EEEEY | ()R
@B HIEEL | Q&GS
BERK @)
@)t EE R | (@)EE
e e, ()1
_ ?ﬁgz% (5) s 22 2 (0 il | (6) Pkt
REETHE || L
i o
B) BT
(9) B4 LI 1Y i
(L7
(10) 7T [ i > 3%
=
(12) LU 22 & 1 | -
g | R | E%@E;A (B2 & 1k B 4
. s
o (DFEFIF
% O)EHETRCE | QB EE
e |- BEEARR (MYEFIFEER | ()RR
g FERIIOAEL | e e (9)7584 ELAT I {6 | (A)FE4:
(L2 ()1
(6)Fizst
e ggﬁﬁi@m '
| BRI ETE
EL et o ey w=—t7
- . L (R (5) & % 2 g
& 5 TR e
HIRE (12) IV B 53 17 55

78




A | AR | SRR
S | | e | o "
e
(12) b % 2 9
(LGB LB
g
()5 L)
@R H 2 20
L BB BT | (LR
5 WSS | (5) 9022 4 6
BRRMEE | REEVE sl
ST |- SRSTET CSNN | (1) BDES 53 4755
(LB | SE
i (12) b % £ 1
(G LB
Bk
O LR |-
W R | QBRATETE(L
ST AUk | A
FHEHE (5) S35 % 1y
ERFHEH | SRAEETAO(L | S
£ s O TR
. PRAERRE( | ORI
B BRI A | (12) DL % 2
o L5 55 L B
Bk
LR | WA
S ARFHEEL R | QBVIEE (L | QBRI
e SHRARMIE AT | 7 @
SAFVERA | WSEATHHEEGE Y | (ORRHEE
BRAHES] | HE W  A | (BRI
B < ESE - B8 | (BVHV TN
R RS - | (10) 7T R >
it
| REEBTEER | OBLEE | QR
TSR et | @uotEs (| Qs
- TEFRS - SR | B EH (3

79




g

el A

GElLE S

Bkt L2 IRl
R

BEEREC R AE R
3

AR - E
FHAA -

(4)3ET E =l
B an

(5) B 2 WY A
BB
(6)aaTREIRRER
(7)f8 FH A R
(8)Jk T
(10) = [ i 2 5%
&t

(11) BB 73 #7705

A6

AR

&I H]

L) - BEE - BaE

W~ BSERET
FURCR Z HE R K
H - ERGIFETE
ZHEZ S NA B
B~ i - SRrE

B~ mHBhE -

REIHVAEEL | -

BRI
(@A)t H L 2w
{EE2an

(5) B % & YA
EAR
(6)aETREIRRER
(7)fe8 FH A R
(9) 4% E4r Ay
=i

1
=
37

ZiE 5 EEE L

EpREE e 0 E

JE S i B B HE
ENE IR o4 gE
% R SRR AT
FE mn AR SO R E
SEHERSIE

R HVAEEL | -

BBk
(@)t H L2
{EE2ah

(11) BB 73 #7705
LG

(12) L 2 = HY
B 52 Gl (=S
ELgea

I

=23 by

ABRFIT

BRI - A
VISHRERRTE - 1)
s ~ BB
5 (B4, 551
FE 1 10 3 2 5 2

(LB EEEY)

()L v DR =N (v

B GR
(6)aaTREIRRER

(7)1 FH P

80




g

el A

GElLE S

Bkt L2 IRl
R

BEEREC R AE R
3

C WMAYIREER
ﬁZEﬁ?’% *”Z—%D%
Zﬁ'ﬁ?’%

(@) VLT
(10) 7T i i =~ 3%
+

(11) BT 8% 53 47 55
G

(12) L) 22 4= 11
(158 S5 1k B N
E%n

)
5
0

R U]
HHFE AR

] PR R AT A 4k S
MHE G Z i B

TR S s |

ZHH5E

6) FHaxat (L2
FHFRHIRL)

(SBHOR © AxtE E{T4)

81




4.1 BROREHEB RN

AR REAT

T E skt B BEEREE K
HEENEE 5 /K A PA 5K T 7K

E/KE HEE e

(S,

—FRRE S BRATEENERTE (R Fr)
HUSZ MHBAETER > KB fRER OKIRE) £
RIS 5347705 49 2 [

B R

Al B EG R EEYEER (BEk) ERIBEEYEIRL & BRI
Fgk Rt - B2 EmAGh L - PLA FZERSHIB5% - B/ TR &R b2 [

sl B Y ~ T2 BEEEAAE ER YA
Rl ~ FRAREREEIR

TR L EY A

ST IR R B
{ERETR - it
e
SN

AEENHE

HEEEYE R LB

SRIE ~ BEE s Rl R B A 2 e - R
IGEFBFRRZKRLER - 1675
afd o AHBEEBIECR A BING (REEEY) - B VHIASE
FHAEFRHE AR V0T > fESNE
R EER A BT 2 e F R T

ROREK R ~ BEEREN R E S

/F'ﬂ:éla [a{ui

AT

7k LR A BB R B FH R

B

e 2

BERPTHE

Hgktalt
SRR
[

BRfEIREE
7B RAIH
3

B iR R
(J5)/KE#hE
A 72 45 {28 gy
| 5K KE &R
BT

S

o S

SeRkEE (05 ) 7K BB (15D
BRI ARERGEEER
Bl B M B R e
il ~ AREIR RS S PR R
KTTIEE ~ i E Eh N &
&e 7 FEDORE ~ L HENEM
AFHUKS AR EHERE
H RSB RIS -

(1B 1k g
EY)

(11) B B | -

PaRIDEE S
babis

PAIK #5hie AL g
i A B g U5
i FH R 7R 2% R

P AR

PR 7K B bR B Be A
Ford e - FAE R 75 SRR I
Kbk - BHES AR R
SEAEHE - KEMRAEH
DA B dmba P IR T &

()P 1k g
Y
@)y
HEHILE
=104

(1)FFIA
(QETE
824
()&

(6)fF e

82




g
& BB o

L ® S

HEHTHE

Btk
2RI
B

EAEEREE
B BRAIAE
3%

RIAERE ST IbE et I8/ 7
PUERF A SLERIH & - PREY
W Bt o1 T A B2 R S A%
il o BURI B2 T 15 B 2K Y 28
R BT FEEYIRE K R
EESISERE

(N BEFH 5
8) sk V1
49

PLA F A5
il 5% L A i e

mrEl e

PLA 4G/ RIEE T 477
fREdfmEER T N2
JERE B mEM o HIFRInT
HICIHY PLA L &8 E4F
25(s A PLA 1500 WL |- > 24
f FH— % BE 2 (MSW) [E] 1Y
Z PLA BB g (PCR) >
HORKER HAM PET ~ PE 5
PS SE¥E[E » [RYNEIARATIM 77
BEAR S o B 7 BENEAE 8 0]
W PLA #1E » ARetE EHIER
FrES AL PLA FRAERL > &2
FE—fE&Rk rPLA FRAERBSHRL A
BTk rPLA FRAEBSHL > 155%
BEEE LRHEEE AN &R
[ R R ~ 0 TR -

(LB 1k g
1Y)
Q) # /b Hy
HEILE
G4
(N EEA 5
(8) Ik /17
49

(LFEFAIA
QQ&EETE
i
Q) E
(6) st

MBI T R
EIRALZ (]
Wi 7 1] FH B¢ 1l

Bobis

ST EEEROCEE - 0B
WRA I 2 rem e 18 3 P o 28
B &EOhEET - BT
It~ AEEIRSEENL - TRER
ot~ BUR AT ~ SRR
RIFRERON RS - W58
BROREAIB R CHEER - I
A 5 F B A s P
AR ESE - R ERIAMRE
M~ BFKELZ R
PRiEE, -

(1B 1k g
EY)
Q)i HY
HERE
=10
(7) 5 I 75
8) k11
49

(DFFFIA
Q&R
2
Q)E
(6)FHaxET

83




TTEEERKR  RTFESE
BRI E S - 41

. g Bl | PR
j BT BT SEAAE | PR
& | &
B B
&
ST M TP 2 BT 8
RE B L BB 0 B
B (T A BIRS SEs | (L) k- B
15 » AEIEICRIRE a0 | 5
R ELOLAEURE| QBRIN|
BT | B SDABRBS RGN | AR
I 342 A R | B - SEEELABRTK AR | 2h ;iﬁﬁ
B st ﬁﬁﬁﬁ@ﬁ%’@m%(mﬁﬁﬁzgéa
Mo ABME - BT AT | AR i
R M 3 LA | (8) I/ 4T
BRI - LR ANORRE | 4
FRE AR R S R B
[ -
(L) 7 1 S
FE R E Y BB R i@&%
FULBRERR T - AT AR
b e | CPRREECH  STR | e | s
\ |G (ASR) | [
FERIIASR) R | TR ER T e Q)& EE
. R B~ ABREE K g ot | o
JE[EI U Rt | NG G Ak
o AL TR AR | .
HERZ B | 1 | R | ()RR
g | VI gy |
IR BB LR |
FASATRIBOSE R « | |
(8)3 V57
H)
T EL L3 Ay
(ASR) 4HBGHIHE » 5risEpEs
o | BRI DS (LEEEE o | (DB L | ()FFAI
iigiﬁi AT » TSR AR | Y Q)&
o e | VSRR BRI | () |
e |WESEEGERGRYTUE | £ | QR
e VPRI - Hi ASR it (6)FEt

84




. é? Bl | PR
& | @ BEEHLHE BEEHTHE ZIRAIME | ARAIAE
o &%
|
PE - PP ~ PU % - FFLIK T
it (hydrocyclone) 7 BfEFE fiy
R AR AR K (ERE)
ZVE rEEEER - Sy E Y
BB PVC -~ WEYIGEHE ~ -
W) ~ &BEEZRYER -
FEEN R E IR -
IR EMERE o DURE
N ASR A fE (LR » ER
SELEL  BREEA
fif > BliSE&R LR -
75 RS BRI R o M R
Fe e A - S PR ]
W R 5 59 F 2 3t 7
TTHRAHE BN E IR B TAE -
RIS E IR RS
FEIRARIERAFAIA 5 %Zﬁi@ (L)FEAIH
Ji& 75 gs [ Y BR | $TEE R A E RS P R [a] i (7) RS Q)& 1E
HEAEHE | ¥ FAEBEASEUEERT e 5
ETMEEE TR AT TR IR > DUER (8)5}52 g7 ) E
FHEEY i E e E R &R (O] e (6)FFa%s
Wz 3N 5 SRR
HMEUL BE A B AR EEAL
FHREAR T - BRER PR EUR B
512275 Kb EEER A Uk
i A A E R bR 2 | (DB Ik R
= | pEmEy (L @’éfbﬁé&*ﬁ*j&:ﬁ%i%ﬁ%E ?i@ \ (Diﬂ{%
v | R s E/J?% %ﬁ%‘lh@‘/ﬁ ’ Hyﬁfa’ﬁ (3)@/}5? ()& 5 1E
Nt bl b
| el e @Iﬁ%@aﬁ&xﬁ@aﬁ’ Al | &k () E
. | BSOS RIEREREE R | (N | (6)FET
TEEREOEHE S - BREEI A AT | AR

85




g
& BB o

L ® S

HEHTHE

Btk
2RI
B

EAEEREE
B BRAIAE
3%

fERE AR Z 88 TR
M FEAEADRHE AR T
R L A 5w 0 RS
SR HEBNFE AR LiERE
M EAER W

8) sk V1
49

FERB B R B I
A A A R 7K
SRR AT

iR AR R E L
KRR B8 S K e SRR A A
B R ER ~ A
%o WEAEESImAREE A 1E Ry
W R e R OKR R A Z
W - ST HEEREEE R
BT 6 (FARREELLS
BT ER R AR - A
g (Mmiai2 R ) JREENT
A IRERI Ry ~ P ERE
% RAEAFELRBEIK RIS
b ETTIREEIETE R/Ke
B ARUFR Z 5 A s 1
%6 > il 10 {E /AR R ah LARY
i H AT -

(1B 1k g
EY)
(O] A=
HERE
(=10
(N EEH 5
8) k17
G|

(WP
QEE
e
()i
@F:

86




. g st | s
ol | meum RS SRAIE | FRENE
j W W

P
HTRELE (L
R S S
WS SRR BT
B PR [ LA > T
(SRR
P T
R B L 88 (L P
L~ ggiﬁ A
ézgmﬁﬁﬁ%FﬁZF s | o
L | R | |
T T B Fﬁz BEBERAET | T | o
T (5 | TOLP i WO | | S
i rersEpeEyty |(OF &
e b I A
\ AEUEE | aygp 7 | s
SR SR | )
(P A 58 ~ (TS
R - RS =
TEMNOE— 20— AT > 65
B B - 8
L R A 5 B
BAET T Y R
% o
(2FFR « AsIEETEE)
I LR - A - R « B AEE TR

RESEE R EHRE (RER) TEES
[RE] 105 4 12 H 28 H&TE 1L > BEIRE

BV RACEYER (E2E) 1
Vi R SR E R E (R

HEEME LEREES - I LEVE SR - S LS EEHIREE FE

FEH - BEEHGLEYE

HRERN Z LIS >

SEEFE-ERERY - UREEEEY)
TRFESES R 2 T B TR B R
EHEYIRIEE - REEVESE

87

o o
B EEs

g IE SNV
SE R > BT TR & B (b2




PIEEHECR « KELSEYE
SV RIEHE - R ESEE T e e
B LB E

AR L

BB

AR BRI HZEBIRE - nERR R E O 2B E R

SEET ~ RERER

EARSE IR FSE

RN B ]2l

H LR PGHZEHERE - Rk
Sa o~ RERbiakOEREERE K

CE qwIn
L2298

B ~ ZEEE  EHELUGEHEZ ZETER o MERE R S A DA KL R

=R

RHERT
B HIAELSE
OT2EP) ~ (AR5 E

BREFRT > NIHEREHNES L2V EEHEEER
5 R HAY AL Bt ak e EER R BB EAYEL 7 > EEE(3)
B~ O)E L ARG ~ (4)5%E

AR -

Tt

mn B

TE LS~ (8)B)
» (12) USE 27 = B B anl (A M AR IR AL

RREIRE IR B LR A ek bR R AR HEB B 2

izl
B

HELHE

HEEXHTHE

Bk LER R R AR R

BE1S
(eSS
&
e
i

LEMEE
Bk I FEE A 2
it & 2 5t
=

(RE]104 £
£ 105 £
7> 106 2

s 62 B PR A B 2 2 2 B (RE
%~ PHEREAE ~ BIEME LU
BRFER TR 5 = ol
H R ZE RV R T = BN 7
Aa e 0 RSB AR R
B2 SR H AR R (R AR K
BOEE > MBI RZFEER
LR U 0 R B T

®ELLER| .,

L)

i E A LE
BRABRIEA (B (T 25 -

(P IEEEZEY)

R/ biyEEFEEES
(6)astaTRETRACR

(7 A AR Bt

(8)Jk T

(9)2EE R Ar AL
(12) LI 22 = L2 mnl
1EESNEA

BHEIEEY
HE EE
Ko AR
iTE (R
105 £EhTT

106 - Z1&H
E2EEE)

FEETIERRER (1) {RE
HME A RN AR 17 P 25
JFAMHRICEE 7B > 5
LABHKEY) ~ LEEH
it ~ H&E&ﬁﬁﬁﬁﬁb&}_%ﬁ?
B E Z Y VE AT
Mg aT s ~ $E 352%@7}
THEME L&A - &)

R/ biEEFE(EES
(4)i%st B 2 rye bﬁ—anu
(8)Jk T

(10) AT P 2

88




PURLSE ~ RO LE R ANHRAEEE
FEH M ERRE-(2)
SIMTERER ~ 2B - =K~ H
A~ FEE BT E R EEAE K
IKERR A& Z 33 AB) fif EE A
He > F Ryt TR AR A
2% o (3) FIL T IR
RSB R ) HEsE gD
/NS SR BRI
30 fRPREE - (4) SHBEUEY
R A T SR A R A
7 o SERENE 6 F(LEYE 2
FEAEERE - IR E

ECSN
aFk

89




B2 E-EH
GIEEVE
&l A 5
ZHEEH
ATEE

(RE]104 £
£ 105 F#h
7> 106
& HEEEF
*E)

BILESE G B R E MR
FERHE - RE(LSRYERIE
e~ HHEE AR E &
k- BEIIS A EESE - 52
RInH R EEH T E A8
K Hilmés B R A BRI LY E
R ] ik 2 WG 8% > H
et T AR A ~ A5E
IR 2 e B R ~ BSIEEE
PrELIRE

(D) ENRs 5256
(12) A Ze = EER ALl
bR

104 F R £
BHEIEEY
B EESE
R AT & K
R

y & 2 SE 58 A I JE Bl B % (s Ik
bt T o e i ] 2 > S0z - B
B AT RN R 38 > A LR RN
2 BEh AT AR EEAR
R 0 A E R FCATRE
St R 55 K REE R R S A
HEMA RS -

(AL ENR 5256

90




ey
KAk
29

EfE

B AL 29
HE HBUR
BT

RN g RE T LY
BEEAMREBR > BB
HEFEHER - W gS g
=i S EE S
{EERYE S IR o > A5 T
A 23 TSN - 55 R A
HEG 2 TAEME AL A
MBI TETE

(VP IEEEEY)
Q) P E F LG
(A)isat H 2 ar b an
(5) B 22 i A B B
(B)Jk 1A

5 B (L2 1)
B 5 b5
WigEE

(bR s B PR AR i M e 5 (b
EYVE S ERHIE ~ 5T AT HIRELL
KRR - H AT
CIEF ] HIRE TS5 50 0 i A SR
FEREHELE - BRER LE
YrEpsRE R b2 mE
% ] JEE o T et 0 B P 1R VR
Ah o I EHERERE SR
DU AR 5 2 T RE i
g ER P EREA i
M AT AT iR TS
BZH -

(VP IEEEEY)
R/ HIEE RS
()asaT B 2R LS
@)k 1)

AN N
b SE 15 il 2
B#EEEE

st

RBGER b K 205
& URERA N A ERER
R ECNENS > SEHE
HRALEIHEED - (s T EIAE
e - HEBhER @O BEREE KB
KHZ BEETEEZR
B -

(5) B 22 B BB B
ALk 5258
(12) LU 22 =i L2l
1EESNEA

=L 2
'E R0

aTEE

SRR PR BER Y E 2 R AL B
] > S B RIPRRE MBS
PIEHERER - BEE
BRI ~ BURME ~ FEAME
EVERNE - BHEEETT
[ e ESEYEEHE Y
EOR RGN o AR IR b (s
ZVUIREACT B > LA
0B E 2 B (L E
REERE > NEEMEEEY)

OEDIHE LR
(R 2 A L,
() 2 e BB
OREHETRACR

(8)Jk T

91




B EEERY - BIERUE
Al DU+ MRS /B B A
R -

HELEY)
g Y

waE

BB TTI S B LG (R
IERERER - seTH R mE B e
PIEH AR R - FESEAE
2R - MR ERR
HPAE R EH S Y R A R B K 5

ok
He °

(12) LU Ze i E B2 hal
1EEANEAE

106 a1
B Y8 &
af fifi fe A fE

EETE

SRR LERYE MR TR (o] B
SirE ANt N EE 2
% BLIRHENEEES K
MRS SIS g o T8
H o ffE (1) REYMEHRIE
a4 8 P T A o 25 U AE B
2B 5 - WIEERPRE
Sy aEE ERE R EEE
ReEugEn- (2) 7347E
K H o g WA EE
D AR AN Z B LR
EERE - MR AR R A
EE#% - (3) ZEERARYRE
3 TEIAANERE ZALEEE R
flEgskE 57 maLEEYE
(&5t 60 fEY)HE) Z BN A EH
oL BB N 13 Tl R
fEGA T ERLEYEE
HUL B IRATAARRE
FEFIRE o (4) B T IRERR
ifey I S e LA B i
EEERME - RS ERE
FRITRR > GBI BT EY

RIS TEH -

(5) B 2 iR A EA B
(DB 5256
(12) AR Ze = ER Ll
bR

K B B
(LB
HeBhstis

£ 2 Uhe SURPNE S et E|
B AT R R H Aifa ek et
EHREIRAR ~ = PR AR (LR
st N4 > BISMGHBER O LR

(VP IEEEEY)

R/ P HIEE LR SR
(a2 H L2
(B) B L 4= (Y A PR B B )

92




MHEARRTE ~ 2061 ~ 568 RS E)
MHEAEER - AR E &
SNBSS T > fEH =
fm EREERAE T (LERE
BREERANE ) DUk TR
L | RO RSN RSk T
E2FZERERERE -

(B)Jk T

(9)2E4=E R v Ay LA
(10) AT P 2 et

(12) AR 22 4= B ER T
1EEANEAE

106 £ it
L8V E &
ik Bl By 28 B
EN SRR i
o EEEH
FEERG

frtetE

FIFH B EHE AT > EiE T
{EEEVE A - TR K
SFERATIE A BG T MR
fEE - EHRBREREET
I LA R FEARE
REVERFRREEZ - I
R s ] R Ay LI RE A &
BRLFER T ML
HFERRILL R S E RS IRE Z
IERENE K TSR -

ALK 5258

(SHAR - A (T5)

93




NIt BRORE HALR T EEASE A LEYE - DUEB R @R - BUE
G ~ [R(EER - EHERE - AL SR EEENRER - WHIEAR
H AR RS A AUIE A ORRE > A0 AR -

R+ RIRER ARV E R RS L HEB RS

AR

FEBIRE

HIaH

HIE LBV E BT

Sef b E E EHRR A

A CERYTE EEEARRE R - BRETE S - R E R R
RITEFRA LRV EE G - B ES %H

it LEEYE B R AR R A R

P B e

s EAEEERN S LEELZ 2 > Bandl RA H Mm@ - &
e 2 BT

fEEhekE b > AR TSR LSRR b AR

o ERaOR - e LB YEFEARER > LB Y E s
UL > i EERYE Z DEUR S RS R R R A LA
B EERYE B R E E SRR T A - P sk b2 YE
ZEE

8 E R EBYYE G E RS B R S B [ R i

BB EE G V2

- EE(EEVESRGE SR E(LEYE R EEH ERE

B o e el B A AR B - SR{bARER LIFERE
FEENEIPR R £ 2 B S A B IR R A

RIGREEIL

s BRI EE - MRS T LEME 2R
pl|

s it AR - (R EHOR B E & 1F I B R
it

SEETERBEN Y 2 REE - BIIEHMEERYE Z IR

- SRTHREEEEA TG o (eEIFEUT RS

pEEE

Ao e BUFREE2 Y E B EARRE A8 SITRIFETE
sEMIH ~ (HE R IZEHTA E e R b 2YE 2 IR ERGE R
B LR B S

 HRORE S BRI BUOR R
- RS BRI LR E B AR AR g

(BN - AatHEETRE)

94




4.2 SR B HE B R

QLBEL 1 2 DL TSR 5 BLRE R R i R fe B ak (i LR BB R AR ELAHRA 1 > Ho
T2 SEAHRRNE S R] oy Rk St sl ~ sl ~ e ss s DU RA(E T -
TSR A & R T+ SR AT BOREA R TE R BUR 2 HEEh » 1B PR (A5
WA ~ B~ Bl R HERE TR o B SR AT R Tk > MR ARRE A SR HEEN /)
SH R HEENR AN E ) e i ARk R 2 (B RERET - R EAGRCRER AR 2 SR A
BaQP5EEEY) - QETEOR - QU VHIAEE(LEGHE ~ (B)3GTREIRReR ~ (7)
{8 A AR ~ (B)IBITAE) ~ (9)EEHE RAFAVMELA ~ (12) DA 2 BB MRS
1EESNEA S 8 IHFRT  ERFEIERAEFTIRE.Z 6R JFA - NELHHHESHEFREL
TG B ERIRESE - LREinEE BN ESEHRE Z EEZME - iR Bt HR
FESERUTER R ARSI - WF A BEE HBATFEETE - DR B ekt (B8
frBAsk FE SRS - T =B S XA S « #EAHEERRESE - U=
FESE LIFIRET ~ R s E & b 2 ~ BOEREEERR - HEBE R
R ~ fETPESRAR RN ~ BRI A AR - EHEUEEI TR = RASTR -
EEh RIS PR A - HEEHRUEEE IR ) ~ R ERHE AR -
EROGREEEEN - METFELRRER - MEISEREAR - WS REeE
flr Ll HEB AR A B2 A B B e R 5 - RER SRR E RE IR B o s Ry £ - B4
&k O BB ER OB RE R I BUR DA B A B e TR BR SR AT 38 B £ > skt
TEELF R4 ~ (6)aea tAE e ~ (7) [ A AR A RS FEER A R Al -
BE L R IR R & ak O B R A AR B R B H 2 r R R — - —
FfTaiA -

95



R+ OB LR REERRT S Sk LR R A SRR R B R

&
g

iE!
B

hvA
[m

]

HEHE

ERPTHE

it SEs [
BB AIAE
3%

VitiEl s

o

37|
[=1

ES
15

K
A
%

&
4H

4 H e B R
R EE 3% fHE B

ATEE

o HEENEE AE BIIR IR EE SR

JE& > STRRZERES K2
55~ By ~ AR E
[ > WM & A SR HEEN S
it » F& LB e SRR E S
LUK Rl rE(E B A @

(0 B 1 5%
)
(3) ¥ /b Ky
HE L
B
(7)1 /A 7
IR
(8) 4 20 17
)
(10) T
it

(DFFFIA
(&R 1E
i

(3) i
(6)F st

7EJE T F i

st

o DIBEERUUEERIEE > 77 8h

e T T2 a2~ A
et T ARSR BRI > AL 17380
HiaBRL2@mELS
ZEXR BUTHREEGE R
e ey 258 o AR o S 3% 4F
PR o HEMEEIEE
ISO45001 EHE Z4% » EH A
[ PR 7 B P A R 4T T b

S EH -

O &l
Z 4 Ak
B hh

(5) ¥ % =
iy o I e

By

(L1)BIEF o7 | -

IRER-Ss]
A
(12) DL 2
=L
an B 1B
ShEE

E 3% E & K
A Ab 2 &=
(eiEst=

o 17 38 A S [ L I [ o

Bl e JEU b EERT R 1)
Bh #E Eh 2 5 B & % 2 3
b TETPRBCEEEEERAIAE -

- EEEERGHS G 2R

L KB B PP
SRR RS > AL

(@) it =
% % #9 (b

Xg 11
B

G) &%=
iy 7 ) el
B

(11) B¢ 73

96




R Ry S HEUE e -

o f Ot R [ e s )L A 2

St e MR A

BT AL B b B

il TR BhiE L TR S R
b2 ansr i EHR(EE MG

e RS
%/}g% °

IRERS s
A
(12) LA 27
= AL
an B 1B &
Shagd

7E % [E & fE
BIRE O

it =

- I EREEERERES

AT - Ton Bl e 2 e B AR
HIFER B - WS R
B SR LA A E R A
LS EEAE B E AN AR
BEIUE > ERAERENEIR
TEREA A R b ESE

(1) B3 1 &
=Y

(2) i &
i

(3) ¥z b |y
HEMLE
=1p4

(7) £ H
(8) Rk 17
£V
(11)EEE 43
Mr o5 F4 i

/=

(LFFAIA
(&R TE
7

(3) i
(44

(5) Pt
(6)F st

RIEHETE

o B (I SR OE R A A B

BREOR S 2 i BhRE A
i S5 i P G 7 o A i
JHE P B 2 PR BT 5, > 14
B GRTR (R R A
TEFREOR IS -

. BRI 2 S Bl

EANME R TR - R
HETT E dn &k (0 BT BLINME
a2 fE it L
BE EEER LA
A [E| A

(1) B 1k B
EY)
() 57 &

(I
NV ICS
/

Q) & iy
HELE
(=10

(7) 5 H 5
(8) Jek /b 17
49
(10) T i fi
Z et

(DFFFIA
(&R E
i

(©))za
(4)FF4E

(5) P&
(6)FHaaT

FE S &k 0 R
flrfertat =

o BRI (i 2

IR P 2 R e T 59 L Bk
ERMFRK - = RS

(1) B 1k B
EY)

(6) 3 & 8

(DFFFIA
(2 &R E

i

97




He ~ B~ KOG~ R
Rets Y& Ul O SELIES
EROREITHG - fanl S
EicEbigahia (H) &%
Bt F e s bAESE
H EEEEH I EE -

© SREFTTE IS | AR

TEA TSR AR ERfTdh Ll > 2%
FRBORIE B4 R &kt f
flirEiase s - Bo a3 A T
E K at S 4% 7 = T 2L
FERE ¢ B EERT E 1T A L
B HETTER RS

(8) Ik 2 11
G|

Q) ZEE R
9 1Y B Ak
il
(10) =T [ e

Zi%E

@
(@)FE:
Ol
(@)t

%R
ST R E
T

« LEREEEYBEARES  #t

HAEBREYHEMNAFRRZ
BN EAN A &
B TRBEREYIA G

Zieftig -

(1) b5 1k B
EY)
(7) &£ FH
(8) Ik 2 11
G|

(DFFFIA
(& R 1E
e

Q)EE

BaE H P OR
= R G PRI
W AT B AT

=

[==]

o SIS ELF TR = RS R

77~ A K ECEE RS -
Nz A B TR EE SR N N
SHRTAE/NH -

Q) 5 7 &

S
al

(6) & 5T A2
(7) 5 H 5
Q) EEER
4 1Y fE Ak

Hl

Q)EE

RIS P
b A= 7 HE E

ATEE

- SR ¢ S

THH (AR
T BRIl A S ARBR A
BRED » ETHR L&
flastAT ~ T8 T B )
et -

() 57 &

SAYE
al

(6) & 5t A2
(7) 5 F 5
(9) =R
4 HY fE Ak

Bl

(LFFAIA
Q&R TE
i

@Fat

98




V)RR o A 7S i

() J5 7 &

STV

18— TE RS L E BRI | (6) ¥ 3t AR
B By ZWHARENT - (3B TISO | JERCR
Iﬂiﬁéﬁﬂmﬁ’ﬁ 14051 : 2011 , = " ISO (7)) 5 H &
et s | 14052 2007, MO BT | ERE | QR
Q% S s B RS | (8) R VBT
= B IS GEER TR | 424
FERPRIA - BETERCA L | (9) 3% 12 B
FESEY) R > BBES I - 57 19 8 {1
i
- EE S R O
AR LIS R
A St B A S TR
(RHELORIEERAE . U0 | o | ORI
VR AL | AIEREESEN e | | QR B
SR | EEEAREEST IR (’;') EEE i
g RERAEESNS M |, " | G
R O TR R RIS | (6)FREf
L D RREE NSNS
ST S S E
o
- RS TR (LR
R BB T |
e . e | (6) BT HE
(LA - DL T Es |
. - GRS S B 8|
S o e e | BT R |
Mo|mmsme| L S R
- (LR R TEEE | ",
A | # & 51 E H ] ) 7 S - ] A O &N
% |zt e (12 L%
b R, o HHEERRG|
' B B AR B
BARABC, R BB |
FEEb ) RS RAT
SR B EE -
% | smEs 4C |- B 3D FUEIRBEEATER | (1) i B
B | TR A | BRI 400 | B (&)t
S P - (6) 3% 3T £E

99




= EeR
4A « FEHIFEN SRS
- e SN = AN
IS | DR TR
ERHAE Y HE AR
s SR GHES) WA B A
FAEREJRE | FESTEIIEZ S e | (DIEHF
wHEETE | RGESHEE AR | ARk '
] A9 L 7 2 B 7 3 B
Fe B R - SRS
N AR R (s
BRI b (B JE S B
BI% Bl MRS -
(1) 5 11
B2y
o FBE U R R | () ] T8
sl WMERSRRERS | % | @R
Bl TR S A | (3) B D i )% B 1
S L R
G ERE | BT AORRE R R | O @ﬁ%
BB | RIS R TR | () % st E poiopy
fitr » BRALED R R 5% | 22 4 i 1k ol
- THREME - FEFH AT SE L | 25 T
SEATEZ SSE Y% | (6) %58
4 o .
’ﬂ: a /}:)(%I )
- (8) B 17
4A 5/
) B T &
o T TR R AT REF > | S
AR P | (6) 3% 3T 8
BEALEM | TLE TR R | ERCE (@4
R P E | AlsER LR BB | () FEHE | O)WE
st WHRHEE S AL LS 1 | IR ()Lt
PN EEEMERE T | Q) BIER
4t FE SR P B 47 1 18 Ak
7
Fil K 4R 5 8% | » S5 BEE R B RS MIVE | (2) B F 48 | (6)F:

100




BEE R
B B % L A

ML > B Bl 5
Afb ~ B bR EFRIE

i

@) 1y

BEtE PR EE ASEHGERETT | B FELE
A EHEEITRASERG KB | SR
S L o EITRENE | (4) s st
JOREHE » DIERASE A AR | % & 1Y 1k
flor B K P, £l
(10) & ¥
s
(2) Jf 7 4K
it
@ By
s 1 |+ s o | B ELR
Bl e JE I | o BT TIREE  IREE KB RS S
ol 0 25 B HE | e R BB lo 2 B SRR AR (j) st |
Ee s E2N TN "
[EEaTE ol SR 2 % 1 AL
Bl
(10) =T i fi#2
ZEEET
() 5 1 &
@y
HEFALE
B
o AERCE SR B R | (4) s
AR b ~ Bl ~ & | %2 & 1V Mk
#mpab | 2a0F AlER - RS | 20
FoLEER | FURELIERGEH | OBEER |-
= 2 S R PR R B | 4 HY R AL
PR A 4 B S B b R A |
(R RV (S (10) =T i f#2
Zaeat
(12) DLBE 2
ol (o=
am B 1k &
Shagt
BHAL 2 |« R EEM SR m | (D)7 1k B | -

101




1l i 45
FE S HE B Et
=

[==]

FE Tl > SEE s =R
S HDEBIIFEM R e FM
THE AR ~ ThRetEZE R
it Fis B T S LA 4
{bE2an - FHRE (e R A T
Hrisef > AT B BEE T3
R B = B RHR o 3%
% °

)
@ R T &
v
(3) 2 /0 9

HELE
(=10

(7) & FH
(8) Ik 2 11
49
(12) DL %%
=AML
an B 1B &
SNEE

/A
7]
=

P
RE

o

fili

kB EHE RE
R B §E 1 1l

brtatE=

o SRR AR B i R

Ry otz Cs > FEAETESE A
VR BEAEI AR
PR AR ZE S

o BB PGS IR FI R E

% FE T T3 14
SN T SRR
e LA .

< BBV H I AIME R

T2 BeEE - P K H (A
[FIEEE - e R E SR
HESEZ BT

« SHEAEYIEERT > BiETt

[ A 7 2 Bg /K B (E B 2
PRI VAR
S0t B IR SR PR 2

« BEEREE HEEHCRE

i LA R e - B3R X
R AR B TE R
BIERT > $2 15 20% W05 7E
*REL 50%/KEJFHI A > LU
PECHERE IR SR SR -

(6) a5t
s
(7) t A 79
IR
(9) % 1% B
i 19 1t

il

(LFFAIA
(&R TE
i

(©))z:
(44

(5) Pt
(6)F st

(2FAR  AetEATTHREE)

102




4.3 S ENE B R

R ARt LA R R A B B L e AR B L) R L e
WA - FEEE( R E S T4 e SMNAN AR TIE LU ZE -
FHEBNRENR T R - BeE L i B F RS L2 E F#

BERET] 2 FHEITTT - BINGELEYE SEFHEERIE L ~ B e ERFEAH
1 (Globally Harmonized System of Classification and Labelling of Chemicals, GHS)
B2 EH — G EYVE G E GRS THE R BT - BCE Lo
AT RIS B2 TRt B e 2 e HE Rl b 75 ~ B R E & L5 B
BB - B~ H ~ 35 R B LA R BB PRET AR AL N B = 25T
a5 | T -

e 2 EF HEU MR S BIFTEER GHS SteHRIHEEECR - FHLE
BALER o 5 T B H (R a = IR 55, » W DSBS 5 el - P 1284
TTHUEE o BB R 2RI 240 - T H 2006 L CLA BES B & #HEEh )7
20 it 2008 FHREFIEELER GHS R RYEZ 2 ERERNE - L5

mAR BRI By G ) - BHE R A RGN - EmME BN et o H
#EE T EZHY - HIESSEEIER A GHS il BRI A S0 A T L2 a7y A
R AE R L2 B R R Ie 4 AV AR - — B EEAESEEI LR M
IEMEZ &R A e AR L E TR BEE BRI OREE Y AL HIE -

Rt > ZrEE R sk L2 E RIAERE By T EEFE N K EPE - BIMrEEL R

» DURIES? T2 NBZ4 » SEIEMRIBBCE L A% &N TIESh
FERE AR EE B ENS® - E e TEH LSRR R E 20 - i
REEmEHZE > HEEERS B2 EE  HElRFEE(LEm 8IS - A
o HEERET o ERMtEE T B RER - BE B R RECEERF i 0 I
L LY E SRR E R B HIME LS et v BB B B L

103



ERVEEE] > e EERCRELEENE - BUREE EAES - sHhERERER
WERAU T SCE BB - LAOREE ST THY(RRR LA anZe e - S5EhE[ 524 1 CSNN
(Chemical Substance Nomination &. Notification) {EEY/E SE0EH » B E RIS E T
W AEH N NG ALBEYEBER DN EEYE - A TR EERRSC LS
Yy eatihy o RSSO RIS s A S AR E 28 -

SHEHE S EE LR A R E R LR s r] - S B AR E M i R E
ZESE PR AHGE A (Report) - DURCGE(EERIMELE /AT A (Permit)
A AHEE - RIBIRAZFE - BRSBTS € 2 JT AR R BRI S 5% 245 E 2 &l
Ak > SR E TEEmEEBET PR ) o HINREN RS E SRR
B EE{FREREN - EEHEE AR E LR R EH T RS - EEH
EHEREBSN T AL S WHOERR E T E R 7 SR BREUE & 2 125
FEHt - HoEHAtRET I S BRSO R A - (BB an D SE EE ] GHS BB E 0
KE MG R - o & LE2m B E] 22 A TP AR B R P B KB A
FERE - RIRH G E R R R AR DU e B T ZUE T 04 AR LU
EEENVER AR -

KT SEIEMHER SR sk LR R R SRR AR AR R

i
% | B _ A (LR
SN | mxem RS i
P
(O LT
" LR B A - - | (B)E R
| a8 0, o A 55 S BT | S
5| % gi;ﬁi_gi’gg (LR IS - SHEHTLES | (O)1EFE AT AT
B | & |0l S| yER A |
| o [ BRELHE » RS TR ERS | (1) B 57 55
P THIE » SRR (L) |
B Fr ] - (12) bL 8 % 44
(L 1 B4

104




&4

BN EEES
VI'E & Ee A
EORHEEE T

© PIEEEE R PR RN B S AR R A

EARGE > FRA RN
A AR s URRL HE =
REEMET ~ R M - iR
EERERHEERE - FERER
FEEH AL ~ A FIEN
WFEFIIRE - AT TEREH
RUAE > AR ORI E SR
GHZERTHEVREREZ
FEARER] - B HRESS T
REVEEE (BB R A - TR
A BLESEEAEAE IE Z SRR
5

(DF; B
()t 7 2HY
{bEfn

(O)E L= ER
EA R

(9)EE4E RAF AV
vl

(11) B F 53 #1705
e Vapis

(12) LU % 2= 1Y
{BERanly (RS
%4

By £ R A
B (LR
- EWE
BT
S

© REESEE - NEA - HA ~ P

R e B B3R 5 R AL 52 i i BEAH
BETE S [BRIT S ek - $THE
FVE B ok s B2 A B 2R A
TIATEERE - W EATREER A HIELL
KRR T AL B ot 22 BRI A 1
J& ~ FRMERT T R 2B R
B et IREUR A SRS i
Wz E#RSS - EeEfeEl
SO S RHE  se it (b
SoEEPE R sk AR
EAVEEBVEE 7 EERE

(DF B
()t 2 2 HY
b2 an
(O)E L E=HER
EAR

(9)EE5E R Ar A
il

(11) B HE 53 #7175
Fpiiia

(12) DLUEE 22 22 1Y
BB b (EEST
ELga

HEHEBHDGUKEERER

b5 TR it =
W% A
R

o PR R B R

e ERZTEEFE T - PRETERFRER
fE R B 28 55 (Failure modes
and effects analysis, FMEA) - K
&3 fr (Layer of Protection
Analysis, LOPA) J77% L
HEREZ EA - AR T
IR A 7 &Ky > AR,
R R R S | U EFR 2%
JEM -

(P - BEEY)
(@)t E L=/
B2 an
(O)ELEHER
EAR

(9) & 5% R Ar AV
il

(11) B 53 #7175
Fpiiia

(12) DL 22 2 HY
{BE2anbs (R RS

105




AT

&4

FIHETEEE
{bEah &R
B

« R TG ERaEE

Tl
£257 A (BRI » WO
SR (LB RN - DL
5T SR L5 5 2 %
BORRI G ETE S8 - AT
SR D] = (R4 T E o
T » T A (LA
B - SRS T R
FRABHTHBEEDR - LUBR(L (LA
-

(VP -BEEY)
OR G y
{ESan

(B) E L= HYER]
EARh

(11) B HE 73 #1705
A58

(12) LB 22 2 1Y
B2 &b 1=
ELga

B~ 0~ ER
s (L2 mE
R BB
RS

- EEM R RENZEM

SISk - AR AR A R R =
b TIESFT > BB e & @it
ZHRRSH - LEBF(ERER
ARG I A A > DURVEREY
TR B ALY
Hill > AR ESE A OCGE T
EERE ST PUR E e A Bl E
TR -

()t 2 2 HY
b2 an
(O)E L EHER]
EAR

(11) B HE 73 #7175
Fpiiia

(12) DLUEE 22 22 1Y
BB b IR ST
ELga

L2 NH=E
SEEEEEIPE

S oA

TraEaf

© PHEMEER MG T B R AR ER ST

B E B - TR R
af o W 2EA A
itz - N 2an B 2
MEIFEK - RHBCERBEEEE
Higs)  EBER e R
BUE > B H A ERGE R R ST
e F o REHE ERSEBD
[IRE > Pre€25 TR TAESATHY
{EEMEERE -

()t 7 2=HY
st

() =B
EARhH

(11) BBy 3 #7775
e Vaps

(12) LUE % 2= 1Y
{BER Ll (RS
&4

(SFAN - KatHEETRE)

106




4.4 B BB R

HEHFEEZUHEEENH 2RO EE 12 [FRI B2 s
BB FE EEER > KRB EEREMEE RS > BB E T ES > £
HEARIRNE T T o BEkEEERIE AR > 2R A H e e
et LAY LR > W EEE AR R B EHELA S S T > BEEE g
EOREE - ZorEEAEH o eI T e LR ERE | AR L
B EESEAEERE I 0 B HEEY SAEEYE EEILATEER o I
[EHEEN R BRIk O L2 s » IR EFHET &1 - st RKGEILERE
NIEEEEERE R EEERE - A GRERGET » Dlasbsrte BB %
R EN A Rk (o R ERY R (R -

NSRBI BT EERELELEH B 24 - DFEERKE
WIEE L EER ) » HREENERE N BZE  TEEERELE2HmEE
Hg | WM EE TR L 2 SOHVTEREE TE B AE - iR EE o EE =50
ARSI TR S EERIEAEN » BEE -~ BBiR - KE SO EEE SR
I BEE T o ST RR 2 S LM E RS B T A LS4 (1
) o BIRE s ZEEANYMEEALEAEREFIG, > DB — A R R iR sk A 2R AR
BEE 2 BB - WL e H s sk F AR DB BARRY 77 2 T -
bR T AR R B SR B 2 TME/ NEHE 2 A > HREETE A B B E1YEE

R84 & A4 T 40
Sy Doy
e lW I ot

B =+7N ~ GO EREAEFEREE

107



4.5 HAE ErEB R

HAr 8k e LR BE IR A g B & T E RERHEGS (BHGH)  ~ 178
EREZEE (BEG) -~ TERBEEEMNE (FEE) ~ PERBEIMBEL (i
B % B e ik O LSRN EE DR RS s R e B IR SR R
Wt ~ VIR ~ VIR ~ BRIRE S BRI TR Z R
DIfnse e a2 4 (i FHEA R Bttt ~ SEERARHIR G ~ MAYIRSEEREN - &2

Bhgl e a e  WEBESSENEER RS > SRR AHE P iR aE
VR R Y RENE A a2 BEAER - NIt E Bk OB
R EE(E FHBVE B R R AR T B 5 17 > & (VPS5 IEEEEY) ~ Qb ayAE (L
B~ (B)aaEtREIRRCR ~ (NEERFEAERR ~ 8)B T4y ~ (10)m] e 2 st »
(LD BN AT 5A056 ~ (12) U 2 A EEAabG IR RS M A -

Ereaa e e andfE T (REEE) IEERmABERE - i &Mk
TRV - SELBMER DI EE TR - Wt e R T O R iR A
BT > R A SR RARAV TSR - fohlhEite s mlbs B > 2R e
PEERY - NIt REEERNE TFORRF L2 EFEE R L 2 TIEAEEY
B TGS ERFAIEE QR IR LR aMK - (A5Gt E L2 b8 -
(DR 5050E ~ (12)LUE = EE b BRS84S -

FHETANE E 2B AR T I - TARROT B R R b 8 S AH A A » A
RS B AR RO ST ~ TR ZE ~ Az anRIEHTT - Pl R e & T 4
REHEF TR FISAREI TR BBV ~ AR SR B K ST 72 38 Jee A H 2 SR Al
HERIHT LA R AR B ~ SRR AL ~ SRR SR 2 HE B RIS - R - 7
R A F Ry B E2 4k O LER AL B Bl o B AR R o bR I BRLATL

AEN O LR EEREOR P EHEAZRE - MBS IRV E=IER R e
AR 2 AU A J R AR T 1 DA S A EERRH E il 2 IR AL - INIE - AR e 3%

4
t

=
g2

By

A

O

|

108



W5 DU E S ERE R SR ATHA B EHIE - S$RE S 1ERg
T 5% ee 2 e S AR A B B AR A -

109



4.6 BB E gkt LER BB IR AR BRI 1

EHBMHRE G N E RIS AT EFT T R » a] EREN ek (BB A R
BRAOFAMHBE S - WHRGEIN )/ UKE S B Bk O LR R A B ER AR S
R (B=+1t) > RO+ =mRIAS e ek b2 R A R B RO AH B 2
HP5 RESNGH LR IRE R E R - (L2E ~ BERRHE > tREZ 2 RIRES
By L ewEE - BRI e%E  BRRgRfBhL > k@R AR
LR T BHRE R m R X > 205 BR BRI HE o ok (L ER BB ER AR 2
BEENEE > M BERIE R A E TS © REAGR » &
s RS N S = KRR & E TR SRR R E R (£
EERAOE S BT ~ BURAUEES « EEE - FEHMEREERE (£
PSRG0T %) » FHRAEE ~ MEBEEMRE (EHREEE
HEBORE b ) -

R_T= - ZEEGIRET AR O R F A R EEREAE R 2k

4
‘r

.
i

e TR S bR R R SRR B AH B

HEB (LR S (L B E RIS A SBOR (LR )
BIRE BP0 R 5. AR D R 333 S e
ERAENE S )

AR - WS SRESS - BIRRURSE - ST IIEERSE R
B IRF | LB RIERRE R
(k@R R AL TH)

HEZHRETREIBA 3% ~ AETRSSCRIZTHENE - SGTERERSCR LR
BB REIRE | FHR T
(REJRFMTEH )

2 Bl TR PIEER A 25 T2 ~ R AR RSN eI
R 7 e | EERE N TIESAT e B 2 L B R B IR
&

gl SoaO LR EHERBREEHERE - IARERA

110




S DIk (LR

S PR 3 e D) R B LB B L P i
SE SRR B RRRETHTE - FEREHEE (o
e T A

BEZREEEH | BECBNVREEEN . RERSENEREaL LS

b

FHsED BB Ak O LER AL S B GBI I 28 FR AR B A SR TS R Al
S Lk O LERBLER OB SRR - ERHR I E LA SRS

EREE S AR e R

(SFAN - AatEETRE)

111




| R I
l Wt e R R I

~
.

~
Y

Bt REeuit

-
R
Bk & M

o
1
1
1
1
1
&

l W%ﬁ?ﬁﬁ'iﬁw I

’
’
I
/
N

. I ﬁ#&:wmm\
T msmaw \"—

B =t - BN/ KRS E Rk LR R B ERR AR S 2 Ao
(SFAN - AatHEETRE)

wyuHEs \
AR

’

2

B

112



FAE BIUKOSUFFEEBRSEBAHR G
AEEERR I O LER BB PR AR B R SR gk - K ek O BER LR
af o e LUK Sk B B B IR COR BSOS & - Ed BRI NIMER F 52
A BT ek (LS HEBD TRBS I i IR (LS E SRR Z ST > S E bR 2 3
BEE > [FREEEEVE S o R URIIEIE S ERS AR GG S5 E > U

AAbEk O LB IR COPARRIIT ST -
5.1 xR B ERECBR ER B G R

AETEBUE s LSRR BRI TR U STl &k L2 R 1E
EEFGHRESR > AETEBEEOR A VUFERH -

RN~ kES O LR EEROEECRHT S TR SR 1A

% il
T BT LR A
T PRPR LRI
B BB AR R
R Ok
I B FH ARSI
LRI Y o
e ik T2 %
L )R S
e WBLE N RS
LG
. BRI T LR OUE
= fets HER <
e R e,
T BITTEMAS B TREA
R S MRS
~ ] IR TR
Y R SRR

72107 4 1 F 25 HIEEE — RESGEEH G H st SO LB EIEHEE T

DS ERRATET LSRR EER £ | UK O LEHEE TR - 5

113



JEEETIIAG & ~ B BITHE R

S A

T > AR EHE

AR SN o B B
FERFETERIIM

09:30

I °

KA 10741 H 25 HE—RER

09:30~09:35

gEbn

R

TR RS & E HY ALY E S

ERFA ¢ AR BIR

FE— SGEERREEERES

09:35~10:05

10:05~10:25

SR K A S E A

Gk LER BB ER AL IR S oo T

&R bER 12 THJF RIS e fh 20

GrEETR

FE Dk tBRFEATET LR EEEE R
USHEIEELY S Sed)

10:25~10:55

10:55~11:15
11:15~11:30

PRIEZ & R ORE

IKEREIR S ER

= ENE

HERE

11:30~12:00

EE= kG LR E RO B SRR

12:00~12:20

RO EERIRAIBEBURFAEE ~ 2SRl Rk 88808 Z RRlk 1t
K SR O BER R TR BT B B o

Ik B & A LS A3 77 1A (Priority Governance Direction)

12:20~13:30

N=ENE

TR

EEN - FEENR S - X2 EHEEERET

13:30~14:30

14:30~14:50

e ERTA

PRI S

S P2 ]
fE T

14:50~15:00

=RV

GRGH
FEAERFIE A

114



Na)
ko

\\Xv

FREFE R ERS R T (FHRE sk RN =) ¢

1. GEO(CRRELUBRKERRE KT - A EN AR RLE - 0=
REGRGE - EEVEEH - =RITH  TSRENEE & - (LEEEHE -
GUHE ~ (EFEIRREL - SRR SRR -

2. HREER FEARELREZEEERRE  Bos@(bR2FAEFREE
Rt > EIERAOE G & > AITE BB ARAETEH T A -

3. MEREGHUFRBHEER FEERESIH G EO(LETT i BHE =

% -
4 SR
AES ST TR UL N L R AR T

RFEGEAERE A G 28 - BE B ~ T3EE ~ BE U IR IREARR R
HAEER > FHEER S gk b2 7 [ BB - TEEE sk BB IR Al
ARA ER BRI THR R

FGHEEEG 107 4 5 17 A ERERETEIA MK O LS TS

EAEEY ~ SR Ak O bER R R E IR R ~ WHEERI N K 4kt LER BB IR AL
EESTEHE TR - BERNINEREE - ERARUNETGRFE TR RN -

KN 10TF 4 H 1T HE - REFGHE

09:30 bk
B 6
09:30~09:35 B
THEREREEEY LB E

ERFAN - BREREEEYLETER

FE— | TR NGO LR BOREESS

o BB BH GO LEEFIEY

09:35~10:05 | o EFAFEIPNYMEERY)E B HHIE

o W {LEH S I SR IE S S el

10:05~10:25 YEEETEm

EET B Ak LRI ER R

115




o HELKO(LERERI

10:25~10:55 | o HAMBEE A E SR O LAl <« EEREAE SR
o B ELEF AT B K YR E RS
10:55~11:15 rERT R
11:15~11:30 B RE
FE= RSSO LR R RO B EE T
o R EALERGE LI T
11:30~12:00 | o ZETTARCYEE Z BEHEHE 4
o  HEKEGEILBIEREE ZITEITE
12:00~12:20 EREET R
12:20~12:30 Lo
BAEREER®

FoREFG MR ERGS A T (SRR R R)

1.

2.

3.

SO R AR RGIRE - AFHERENRE - BaiEd)

SR AR

= BeESEHE - RhRE BRI - s bik bR R BRI

S bR AR EE - WEVSKEO(LREEAREESE -
BRI E R EHA SR H R EHE - CE L EH

Juf

B K

&~ R IR EaE T ~ (BLAEREN A - BRI IE R L e -

s E e R E NS Bk O LREA] > nE iR Igsmadn

FHT—

WIRB SRS - KBS - BERE - AEEE - P R

RENIEMHUE -
AEFESEHE REFG R AR R AEREREE  GOB2ER
REE SRR OIHELT ~ S EGENERAE Bk O L2 2 HEE M=%
EHEMEFEETRANHT > RRER Rk O LR BB RE B # DU B
GERTTIA

116

LR ALERE




117



5.2 X EG O LREEREEEERE

52.1 RE] 107 £ 2 H 26 HI#ERERR
ASTERRE 107 52 H 26 H RS — B "SI0k @8k O L BB IR
Rl RE * w e Tl B S ek (0 BER 12 R AEARERIE S8 AT ~ DAk O LER SRR
{EEPEEHAS & ~ PHDK A O LR RIS = RIH - SR B AR
HH :
T 2018 42 A 26 HEEERRIE S

13:30~13:40 g RA
i FRE . (TRERSREEE R EER)

ERA RS EREBUR IR EIR

EE—  BAEA SRR ARG CERRERES
ERA AR

o  EaBUKERREHIERRES

o [EIRECFHEE

13:40~14:20 | o &kfA{RE2 12 JFHI

o [HIEGE(LELEIEE

o KEESGEOYLEREAEIR A HEEN SR

FEZ GO LEETRRE
FERA ¢ EOEERR

o BB LRI EESS

o PHHIETA RN
14:20~15:00 | o fRiEZE S R PRETl

o IKEERER N EIREM

o HEENGRELEEAHTRIT A

15:00~15:20 HIEIRE

EFA R EREE

FE= GO LBEGEOTRERE
EFA | EREHBEBER

o HEAFEO(LEHGHEEEE
15:20~16:00 | ¢  ZECTFZEES
o T FEEHI

118




SRt TAENEH]
SR TR Bk 0L B S HEE R

ERET © xSk LR EREOR BUT aE T |
EFA  MEWEIBER

o HEEEEY bfgﬁﬁtﬁiéﬁ%ﬁ%

o [GHDTHEINGE

16:00~16:40 | o 1%5%2%3&1%’3\@

o KRR NEIGHEE

o kZELEEALE(ESL)EFH F5 1A (Priority Governance Direction)

16:40~17:10 EREEERE
17:10~17:20 GEEnTEm
17:20~17:30 e

FTH) -~ TR AR
ST & S|

B 1 2B RERIR IR T AR TU P /S | AT B/ AT
faﬂdgﬁthnﬂﬁtm\

[ 7 SEE MR SR B R R4 | OEEE
E&

Eiava é?é*jiﬂf%fiiﬁ W5EHT R LRI
(17 578 RS IR R T AL SR ST P MIRWEIBIR

ATGEEGHR L EEEEER GBS AR - kO (BE 12 AR AR
B ETEBGRHRMRRESER > EBM IR R AR
R K ER OB ~ (eifEfkOBER 12 [RHI > DIBTHIRIRE IR S Usk et
EETRARE BRI > ACREE I 30 {ofHl sy > [BlU 23 {7 > MIZRauataif et o
AR > Rl m SRR PR -

RO - KES O R EEIRAE ARSI AR

X JHE ST

>  HEE 6. WElRATA NEREE A KR EE R HKEE
B

> B 7. HERFTAER AR AT ES 2 ESE - 15
Y ~ K EEHIRETR

>  HIE 8 (e#EEEHKENVERNE @ Z82mi
HLERE IS

— ~ &R EERJFRAIEL K
@REHME (SDG) Z
MR

119




> B 9 BIUEAHMHAREER (e xET
% AT
> HFE L (e R A ASEEEAE - 72 - §E
KoKt
> HF 12, HEROKEDHE AR
> HE 14 OrE FOKER B EIR - DUER
K EE BRI
> HER 1St A R A Sk S A8 R A %
EAERSESN
= BOREHATHERE | > 1 PHIREEEY)
BIBCRE 12 sk BER | > 10.A]fEfif 2 5a T
JFRIIZ AHRA 1 > LA s E
= BMORFEARAGESIE | > BRE(LSEVEREERE - EIBITAEREYILER R
TR O L R R IR ZLEE
B TBUFEHE , 2 | > fIEARIEREL A EYEDIBUERIEE
AT oM > BV EZENEEROE RGO LR
VO~ BRORERZRHESN N | > BOLEEEVIREEIRIERIT I 0 - sefbE SRR
HITeR OB RIEREE | > SRR IEEe =0 B EmLSET Rir
S TR AR, 2 PO [EI B Rt
AT oM > etk sk LSRRI B AR T mI [ R 2 BIDRT RO
T~ BOREAAGEENE | > BUFENIREE ck (O L Ea T &
HITSR OB RIERE | > PRAREELUE Rk O L2 AN EE
BEN TRAEEE ) Z | > BISE(LESERIRE o BrEAEEE
AT R
> WK EAEEE 5] ~ ORiE KoK RS - R ILEIR
KB EEREREE IR bk BRI = - fR il
el % EEREYIREHE
> REPUFHEEHE > EESOERFEA] BT ER
[ &R ZALENE ST AR B A o 27 = B s
N RREEMEGRED | > (E(EEEFIMHAR - SRR EHES
{BEE R B R B HE B L RIBEIFRESS - Bt GRS m s AT - &
R THE N N BGEAE L Z ARREIRE
> Wk O LSRR RO - LB S E O -
Rk R SRR BRSO & 1 > TG [
WU S HERT - HEREATIE F Y E R A AR #AR
> sRlbek O EERREEE - RERIMIT A S ¢

AR EALE 2 TR ~ SURBLERIS TG 2 0 R E

120




F I LR E R R - DUnsRESE 2 (B2
PSR

BN e
B (L TR
i T

HEGE - IISE ~ T KRS - EasE B
(gt At (et S

I\~ BRE Bk @
{EER B EER AL St e A
"BUREEE ) > HAT
EEEMRKEREL
B

Y

HAIEEE AR
B CEYEEEE - BEYIFEE - E(LEY)

B BEA Y E SIS - F LY E S
By

B EWEAE ~ AKSEaE ~ BEREEE - 3
ARETR SRR ~ i % SRAG R S B EA
BROREEN 107 FEAEmEEEEROS - 2
bl e e e R

Y

A\

ARREREZEM

R Al o R A AR BRI EOR - R Srek
AL R AR RS ~ St A - 46 TR
FEORFEN > SRR BR R EEE( R
IRICE > wIfETTERe (e B R A A
RS LY EHEEEAE - DU
a2 it

R AR ORI A Ry 388 > SIE KE ey 3k
EEE

SR O LR R A SR OB S AR (R ] -
BN (SR ST S Ry ek (LR SR

R ARk EER R I ABRBT AT i 21
TR AT e A SR LR SRR ST AR T I R L L ety
KBGEZF

(SFAN - KatHEETRE)

121




& =+71 ~ 107 5 2 A 26 Hk&ask b2 BERaOREE M2/ Egh80 © (D)
AliERfEss Y © (M)EREAS R

122



5.2.2 B 107 4£ 5 A 29 HEEHERE

AETEEN 2018 415 H 29 H ¥l 55 = B U IOk Ak (L 2 BE IR A e
SRE ol TR S —IGEERE TR UL » B ekt L2 ERa R
BFEAESY - AR LR AT RO RS - 4k LB E TIEHE - K&
AL BEREOBE B AR T [ U R » AIGHE &k T A HERE K Eik b
ERPA ~ (RiEAR A BER 12 [HAI - BEeE(LEBHE - EEIERCSRE S L E R K
AR TEEGEHR LSRR - EEAERURKFR R A 28T
BN B » ARGEHE G (A Kahoot App 3§ IskATBLTE R T Bl - 6 o] RN A e %
7R DS ABERE R ERME NS T2 BitE(EE g A
B ER IR B R 4 i LR BB PR A R

FEEEERAT © HAREMM e R B E R i A E Kahoot #iis
i WA ErakE REPFEER T BNE THRE (FHECHRSE) T#E Kahoot
App &BRRL > BATRIZAFTUR - sl S DT PIN B RURTHAR - EAT
BNEBLRSER 2 1% > Bli% NRGGIEE ] » 168 PRAVEERE A SE B /R 21 RIS A A
ERSTGET  BEBAIS R A B TR REGETRATE ANEST o AT

PG A SRk S SR F AR — A -

123



|“§mi°§:'7wz.35| > .

o t ' , -Eg,\ua KahOOt' —
oo TR 0O |

Lan BAEAMEA @G,
AT WSt

TR —  REPRE R4 PIN 25 SR ARERE LR T M

Guesﬂon 1 o! 1 9— FHIR—TE I o (LR o,
- e =
o 0 . 0
ISR (LTI TEEE

@ ey ¥

TR M S8R S | TR TR > BB ENH

Game Over

TERE  AFsern R R o 0 AR

&V ~ Kahoot App & B St (i At
(BB - AstEETRE)

124



107 4 5 [ 29 Hok @4k LR BHERAOREE S 5805 © (L75)

[y
RARBIGREAE - (Bh) GRlBaiEsss - (T WeWEiiiizs

PN App BEfERsR  (ME) 2flRal

¢w

H () JEARE S

:

125



5.3 MGk O LR BB IR R R T &
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HEANARHY LA R SRR - Uit e T8 - (1) 18RO
TEFRACR AR MERCTR ~ JEME IR ~ R THEE © (2) SebE22FEE
VGAMIEEITAN ~ REIR RCERKAR ~ L iRl o (3) e s ~ 4
FEIRARR ~ AREAORET ~ BEER . (4) BEEY RERGSER - KAk
MRVEE - (BB - LA (5) fERREOARaERR - THRAERRE - 3R
FRICRE ~ FEER - FAEMNM) - B L&A - ARV g SRRl E
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8:30-9:00

Registration

9:00-9:30

Opening Remarks

Dr. Ying-Yuan Lee (Administrator, Environmental Protection Administration, Taiwan,
R.0.C)

Dr. Eugene Chien (President, CTCI Education Foundation and Taiwan Institute for
Sustainable Energy, Taiwan, R.O.C.)

Dr. Wen-Chang Chen (Dean, College of Engineering, National Taiwan University,
Taiwan, R.0.C.)

Prof. Liang-Shih Fan (Distinguished Professor, Department of Chemical Engineering,

The Ohio State University, USA)

Keynote Spe

ech — Moderator : Prof. Young Ku (National Taiwan University of Science and

Technology, Taiwan, R.O.C.)

9:30-10:00

Development of Integrated Waste Management Plans towards Circular Economy
Director, Miss Ying-Ying Lai (Environmental Protection Administration, Taiwan,

R.0.C)
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10:00-10:30 Chemical Looping Gasification, Reforming and Chemical Syntheses
Prof. Liang-Shih Fan (The Ohio State University, USA)
10:30-10:50 | Coffee Break
Keynote Speech — Moderator : Miss Ying-Ying Lai (Director, Department of Waste
Management)
10-50_11-15 Circular Economy Policy in Korea

Prof. Hyunook Kim (University of Seoul, Korea)

11:15-11:40

The Role of Circular Economy in Addressing Income Inequalities in Developing
Countries
Prof. Paolo Vincenzo Genovese (Tianjin University, China)

11:40-12:05

Challenges in Developing Cost-effective CO, Capture and Utilization Processes
Prof. Steven Chuang (University of Akron, USA)

12:05-13:30

Lunch

Speech — Moderator : Prof Pen-Chi Chiang (National Taiwan University, Taiwan, R.O.C.)

Systems Analysis for Eco-Industrial Park

13:30-13:50 . . .

Prof. Bin Chen (Beijing Normal University, China)

Implementation of Integrated Management and Innovative Technology for
13:50.14:10 Petrochemical Industry Park toward Circular Economy: The Formosa Plastics

Group Experience
Dr. Chia-Yii Yu (Formosa Plastics Group, Taiwan, R.O.C.)

14:10-14:30

Regulatory Mechanism and Cooperative Experience in Recycling of Chemical
Waste - An Indian Experience
Prof. P. A. Joshi (Dharmsinh Desai University, India)

Circular Economy as Fundamental Strategy for the Eco-Village in the Age of

iigg | Globalization

Prof. Paolo Vincenzo Genovese (Tianjin University, China)
1450 B Deployment of Innovative Recycle Technology for E-Waste towards Circular
1510 Economy

Managing Director, Kenny Hsu (UWin Nanotech Co., Ltd., Taiwan, R.0.C.)
15:10-15:30 | Discussion
15:30-15:50 | Coffee Break

Speech — Moderator : Prof Chung-Sung Tan (National Tsing Hua University, Taiwan, R.O.C.)

15:50-16:10

Carbon Circular Economy: Status of CCU in Taiwan
Prof. Chung-Sung Tan (National Tsing Hua University, Taiwan, R.O.C.)

16:10-16:25

The Next Post-Combustion CO, Capture Challenge: PM,s and Amine Aerosol
Emission
Prof. Shi-Shang Jang (National Tsing Hua University, Taiwan, R.O.C.)

16:25-16:40

Development of Chemical Looping Technology for Circular Economy: A Case
Study
Prof. Young Ku (National Taiwan University of Science and Technology, Taiwan,
R.O.C)

16:40-16:55

Establishment of Waste-to-Resource Supply Chain via High-Gravity Carbonation
Prof Pen-Chi Chiang (National Taiwan University, Taiwan, R.O.C.)

16:55-17:10

Implementation of Green Chemistry Principles for Chemical Management towards
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Circular Economy
Dr. Kinjal Shah (Dharmsinh Desai University, India)

17:10-17:30 | Discussion

17:30 Closing Remark

2017
I-: 1 163 A4 o B £ 08 PR B0 R 0

International Conference on Integrated and
Innovative Solutions for a Circular Economy

WA
ﬁ Carbon
AR Capture and

Principles Utilization
of Green
Chemistry 8 o
‘ @
oF
\ Integrated
Waste-to-Resource
Management
i FRORAFEAEE

Fundamentals
of Circular
Economy Y Circular
@ Economy
Business Model

REEREEEL
HEHEE
010
Date | December 5 * 2017 / 08:30-17:30
Venue EENESAEMAREPO01RIKE CHANG YUNG-FA FOUNDATION
International Convention Center. Room 801
Address | Ch 1R No., S. Rd., Taipel City 10048,

Taiwan (R.O.C.)

WL P crTcl
Organizer | BEMEASNKRIEHANESE Taiwan Institute for Sustainable Energy ( TAISE )
B ESAPRERNRIBHASO Center for Energy and Environmental Research,

National Tsing Hua University
implementer | BRSIMABIHATHREFSH: Graduate Insttute of Environmental
Engineering, National Taiwan University

VU~ 2017 {EERACR Bk (0 3f e S dE
BRI G AR - HEmRaEmm R+ (1) s biERamast ©
(2) BB OEEFAT: (3) FEMRMEFAAR  (4) BEEEVERE
EHESH (5) BEERAFHEATZLIRER ) =T EREmaE
AR BUM B IRAUR Blak (LR R R 2 2% -
T=t— ~ 2017 FEERACR Bk (88 Fee S e A o

FE e
sREMEIRAE A | - EERERGE 6R R BRE Gt > B B
B WA - [l B A - DIBHS RV R &R L e -
o SRR S NIN RTS8 R E A 1 R B IR R U 2H
BERITE
FEILZ RUEJ7A (Multi Scale Approach) DIEF(ESZAL > €K
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5.3.2 2018 sk AL R M EER L B = o
EERENY 2018 £F 4 H 2 HMERRER ~ (LR A BUREIRY T &
M S e kLR R B A EFRAUR B e awtE. (W& EREAEVY-T=Frr) >
B SRS R R - IR O LR R Bk A SR AR A - s
T EZ 2 Eaksham o WHEE B K G bR E RN 2 S RIS BTE % >
{E R At EL O LR BERMEeE T (R 6361 -
R BRSO LERITE R IR AE B FamE (2018):# 1z

Deplyment of Waste Recycle Technology for Circular Economy
Moderators
Distinguished Prof. Pen-Chi Chiang (National Taiwan University)

Opening remark (5 mins):

Prof. Pen-Chi Chiang (National Taiwan University)

Lead speaker (8 mins):

Director, Dr. Leon Tzou (CTCI Foundation)

Lead speaker (8 mins):

Distinguished Prof. Jimmy C. M. Kao (National Sun Yat-sen University)
Lead speaker (8 mins):

Distinguished Prof. Shiao-Shing Chen (National Taipei University of
13:00-14:00 Technology)

Lead speaker (8 mins):

Dr. Kinjal Shah (Dharmsinh Desai University, India)

Panelist (5 mins):

Distinguished Prof. Chang-Tang Chang (National llan University)
Panelist (5 mins):

Dr. Yong-Jun Sun (Nanjing Tech University, China)

Panelist (5 mins):

Dr. Kenny Hsu (UWin Nanotech Co., Ltd.)

14:00-14:25 Discussion
14:25-14:30 Concluding Remark

Prof. Pen-Chi Chiang (National Taiwan University)
14:30-14:50 Coffee Break
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(Taiwan 2018 International /
Symposium on the Circular ==
Economy, Chemical Industry, and Tax Policy)
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C3. Carbon Circatar Economy 13
C4. Circular Econceny and Economic Geowth %{ﬁ
C5. Energy and Energy Policy @ .
C&. Agricuture and Circular Bioeconomy
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oPollution Prevention Act

oToxic Substance Control Act

oStrategic Approach to International Chemicals Management

oChemical Substances Control Law
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- 18 18 FURE)
FRFEHREE ( Millennium Development Goals, B MDGs ) 17k EREERE
k@R REAM ( Sustainable Development Goals, BH SDGs ) g:é?zgoz:‘:aﬂsg)ﬁ (SDGs)

RIFCOP21E%RAMR 2016$
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mEER ; 5B 2014$
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@wuia@ (MDGs )g 2012 N
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BRI 2000 3
B EE211 =AY : * ‘ )

ieiEf? 1993%

(Agenda 21)
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1.4 ;K 48 %5 & B 42 (Sustainable Development Goals)

&) SUSTAINABLE € > &
@ DEVELOPMENT ‘4‘4. ‘ALS

3 GOOD HEALTH QUALITY 5 GENDER

NO
1 POVERTY AND WELL BEING EDUCATION EQUALITY

DECENT WORK AND i 10 REDUCED 11
ECONOMIC GROWTH INEQUALITIES

Sl

1 CLIMATE PEACE, JUSTICE 17 PARTNERSHIPS
ACTION AND STRONG FOR THE GOALS
ol SUSTAINABLE
@ ¥ DEVELOPMENT
s GALS
[ |
@ HH R hp/Avww.aarorg inabledevelop -goals j
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@ T AR #7 B #UEF A Circular Economy in the Netherlands by 2050: Government-wide Programme for a Circular Economy

(211 EBEREA R
s MAOFKEXTRMAZEZIBME  EXAELRHEEEZ -

System barriers Reinforcing trends Conditions for improved
product circularity

Shared use increases,
IF service replaces

Individual use
Financing
mechanisms |Fndecre::ztoultosx
of ownership

Product-service
system

Institutional

aspects

Recycling of end-of-life products,
IF separately collected
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[ From Linear... ...To Circular

Use

Extraction Manufacturing Distribution

—i L

Recycle |l

Re-manufacture [Jjj

Repair/refurbish i
Re-distribution [Jj

Subscription [li

- Removal

(Jonathan et. al., 2017)/
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Circular Economy System (CES)

Consumption Services/Goods Production
® Cascaded use l«—— Biological (Restorative) < ® Renewable energy [
e Wasteprevention |* Technical (Regenerative) e Diversity to resilient

|
|

|

|

|

|

|

® long-life goods e Cleaner production |
|

|

|

|

|

|

|
|
1
|
| |
|
|
|

= Inat
Reuse/Refur \/

Waste-to-Energy and -Resource Supply Chain
Industrial/domastic Sectors Wastes Ener

Resource

® Iron and steel miil ® Agriculture wastes ® Green fuel pellet

® Paper and pulping ® Industrial wastes Llfie Bio-gas / bio-char
e Livestock holder ® Animal wastes ® Refuse derived fuel
®  MSWIand WWTP ® Municipal solid wastes ® Heat / electricity

Y
_______________________________________________ I_______________l
Materials Energy
® Metals (e.g., Cu, Fe, Li and Mn) ® Exhaustheat / latent heat/ cold energy
® Inorganic (e.g., CO,, N, P and nutrients) ® Electricity Sources
® Organic (biodegradable components) ® Potential energy
5|n|s¢ ‘ Sinks
Environment
Air Water land/soil Mineral Biosphere (Ecosystem) Energy (Renewables)

-
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Missions: Green Supply Chains

* Optimization of resources allocation,
increase benefits, and achieve
environmental compatibility

* Maximization of economic benefits while ‘ion
protecting the environment and
conserving resources .ssion

= Assessment of life cycle of the product

Vision: Green Economy

* Improvement of human well-being and social equity

* Reduction of environmental risks and ecological
scarcities

* Low carbon, resource efficient, socially inclusive

Strategy

Strategies: Green Technology, Industry and Consumption

« Implementation of National Sustainable Policy

* Economic Incentive and Price Support

* Integration of Best Available Technologies for Innovation

* Construction of Network System among Central and Local
Governments

Visions, missions and strategies of a green economy towards sustainable development
(Chiang and Pan, 2017).

@ y
(2.6-1 46 G BT 4 E ] © SARE \

 MBEBEMH WEBRTRETRELBH AT ETETRILE S
s BB TEHNEHATELELRARFAA

China Hi-Ment Corp. China Steel China Steel China Steel Structure China Steel
. Express Corp. Aluminum Corp. Co., Ltd Chemical Corp.
G,
&
o,
"lle@q Sy

China Steel
Machinery Corp.

I

1

1

1

1

1

1

1

1

1

1

1

1 | Young Ching Industry
: Co., ltd
1
1
1
1
1
1
1
1
1
1
1
1

1
I
I
I
I
I
I
.’:/ }
I
I
I
I
]
I
I

Tai Share Chemicals Co., Ltd, Green
World Environmental Preservation
Service Co.

@ FH Rl - 2015 /
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RECYCLED AGGREGATE

CEMENT
AGGREGATE
CONCRETE

o

CIRCULAR
ECONOMY*

9%

. FRCC
o=
Alkaline Plant €z 2
EI :’;‘hmco,..,,,,.,o"
UL M

NYPC
2EH Plant ;gm%"' 300 tons | yr l
EG Plant M""“Omlyv -

Y

SAP Plant CO, 1.28 million tons / yr

Exhaust gas 31 tons / yr
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N6-ABBEETHREN EHE \

O ##: BRECHPERESA THAERUBLERM I T ERAEREERE -~ ik -
O RA&:HK(BRAGFTR) ~AEEALZARBI AR - RELEZBEKRBAE -
O %2E8: RRIPEHXFRAE  BBRAZKBER AL -

b AT R R y\/%\

J.L‘

] ﬂll I T. /\ -_:

ol &k 4

\ #4407 - Christensen » (2012) /
(2.6-5 BBEETREM  BWE N

PR ———— ;& Water

7:5 - : 4— Power
MM;A : ' : 4—— Paper Waste

30y Witac. 4~ RDF-5

',WIMA’.::,Q T 4— steam
’sg‘tmw 4—— Condensate

Wastepaper ~ UKP Pulp

w»l
ﬂ _system.

Process
Waste

V|

-

b i Effluent Standards :
— . COD: 180 ppm
' Wastewater =% BOD: 30 ppm
Meth Boiler  Treatment $S :30 ppm

& " Y
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O TFAEVTHEGTELRRAMLEAT REZVNWBEHE - BATH
NEEBE MR RETEENTHARDERRAER &8
A FAER

(FELBARHELE) 178 2N F/%E 2 E
Byt B

A RE

ﬁg% 111) @ Ill) Hﬁi%ﬁ
iﬂ-‘ﬁ
$¥§¥%/

(RAEZAEH) (IC #k4m, ¥R, PCBiR FApHt)
23 A st o
— B EEH A&
(&R - EHE - EAAE) HEH (ER - T~ TKAS
14.4%,
N1 Qli

@ Y,
6T RBEETREN : EHE \

____Fertilization
Fertilizer Photosynthesis

Recycling 1 ton of straw can
reduce 0.9 tons of CO2 emission

»Can produce 0.55 tons of pulp (is equivalent
to reducing 0.5 tons of CO2 emission)

» Can produce 0.325 tons of organic fertilizer
(is equivalent to reducing 0.4 tons of CO2
emission)

Biogas p"is'n'x

it \
it

Paper products
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O zZ2ak%44%

6T RBEETREN : EHE

O RB¥XRRXES

J

215



68 EBEETREY BB Y K

O %2 EBAMREHALGEHAE LR RBEES LN R LR
B o RO RHRE R BREVRERA R RGP
REZBRAGHARE REZERFHIUARSAESMABEME K&
#eEHHAKERZBREHERE -

BEHELER P~ THAEHAEE E3AN. 2 K

4B LR

o Bk R E o
o BAME K

o B4 IR

s BAERE

o B4 BB R
s BARARH

(FREEAFA) Y,

IR EREE TR A A

Technical aspects

Macro-scale economic and environmental impact

Technical product lifetime of circular business models
Repairability index
G a) Product d) Macro-scale :mporﬂon?:
properties product ey material losses
impacts in product cycles
< Environmental =
4 o
> and economic o
o Q
3 preformance °
= o
2 <
= Material o
oy, b) Business/ ¢) Societal
consumption aspects
Market share of model aspects
product-service
systems
Functional product lifetime Policy framework assessments

@ Organisational aspects J
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31462 %%
s MBI BAAEILEMEFTARIRBELEMENHAEAL -

AAMEHAREAESEX  HERARZRAEHERAE
EREBARDVBEMHELE » TR EIALEBRE T HiK
FrgmeI B ROVEERFAHABRRBRERNAEEY
KB ERAME - KT - 2285 -

c AR H BRI REREEFE TS ALRT AL
BB EREERSGKEILRHI2ERA > ¥ wEHR

46

B EMeY £ B - )
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P Tsy A

Fﬁiﬁ“#% dé‘t%’:Aﬁ&.‘kgnuig@ﬂq’ ﬁiﬁ‘%%%iﬁi %:ﬁﬁﬁ}‘ﬁmﬂi‘?
p— zﬂéﬁf&ﬁ&m BT A A R E AR B2
ﬁyﬁf%ﬂﬁ#&ﬁﬁﬁ&mﬂgi%mé%ﬁﬂxﬁ@&#ﬁﬁ&%&%
:?i*’éﬂwg*ﬁm%g&%ﬁ%ﬁ%wﬁﬁﬁmwéﬁe
PR AH AR R BARAGA - A ERAEUA  WATELE LEEAEEEE
12 ner
SR E SR SR T AT A AU A2 ) R
Yyt AT AR RSB RIET « & A B4 § RS BIH 7R
D 74 W@ R A R BB M
[ R B RN EAE] o e AR A P A A 0 3 TR
|EERGOBICE | o % R 2 AL 2 F 2 IS 2
R WAL A Bl RSB R R RARRRT « B s A BT
A "
A R = Bl 4 4 ¥ = 3 i3 b
T 23??Wﬁﬁiﬁﬁ%T%éi%%%%?iﬁiﬁ%éia_f
YT ] T B
N e R Uk TR R S e R R~ K F MR S |
32462+ —RA]

o 1238 4 &, 164 & B] 7T f§ 1 PRODUCTIVELY ( Tang, Smith, & Poliakoff,
2005)

* P : Preventwastes ( # % &4 )
* R ! Renewable materials ( ] &% 1& H 8944} )
* O : Omit derivatization steps ( 4 #4 % #x 845 5% )
* D : Degradable chemical products ( 7] % ## a1 4 & 4% )
» U : Use safe syntheticmethods (& F 22894 & H R, )
» C : Catalyticreagents ( i & #9/81E4n'd )
T : Temperature, pressure ambient ( 7 fo &4 % fE $2& 77 )
¢ I : In-process monitoring ( % 2 J Bz 4% )
» V 1 Very few auxiliary substance ( ¥ /) & # By 3X %] )
» E ! E-factor, maximize feed in product (123 R EA L’ £ ek %)
* L : Low toxicity of chemical products ( # £ 1&e91t24 4 )
* Y : Yes,itis safe (#E4RA a2 4M)
48

. A
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Bioethanol  Sugarcane
Sugar beets ENERGY
Cane Sorghum
Com +
Cassva
Grain Sorghum WASTE
Ligno cellulosic biomass \

[ eneroy || wameri

|

most ’ Biofuel  Plant-derivated Oil :
I
fagog(;:d prevention fgbem. palm, sunflower, WASTE
+
. iniivisatioii Animal Fat
minimisa Waste grease i
Cooking Oil ENERGY
recycling

least energy recovery
favoured

ption disposal
3.2-2 R T8

(A) Two step process Cl
Cl,
H,C CH, - H,C—— CH, + HCl
H,O ’
ethylene OH
chlorohydrin
Cl1
H,C—— CH,; ﬂ.—mc—\ﬁ, + CaCl, + 2H,0
| ethylene oxide
OH
chlorohydrin
(B) One step process
Ag catalyst / \
H>C CH, +1/2 0, ————»
2 - 10-30 atm H,C ‘H,
ethylene ethylene oxide
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Utilized Non utilized

Formula Formul | Formul |Formula Formula Formula

a a weight weight

weight (g/mol) (g/mol)

(g/mol)
CoH, 28 CH, |28
cl, 71 0 cl, 71
H,0 18 o) 16 H, 2
Ca(OH), 74 0 ca(oH), |74
CH4Hg05CaCl, | 191 CH,0 |44 H,0,CacCl, |147 44/191=23%
C,H, 28 CH, |28 0
% 0, 16 (0} 16 0
C,H,0 44 CH,0 |44 44/44=100%

.

i

(3238 HEELBELA

Initial process:
0 0

N, _eo . X

HO” 27 YOR ——= PGO” 2 S

OR —= PGO”~ "Z° "OH

Z = CH,, NH, O, or S; PG = protecting group: Ms = methanesulfonyl

@

Amino-alcohol production

\

NH - S R
MsCI_ PGO/\ZAOMS 2 PGO/\ZA{:J'/ =00 HOAZADI'/
Greener process:
0 0
R'N R R
HO/\ZJLOR RNH, HO/\ZJL”/ BHe HO/\ZAu/

220



(32-4%3H B RA LSS 3

MOLECULAR MATERIALS INFORMATICS 5 4

Green Metrics

molar mass of product
Yield =

molar mass of limiting reactant

. mass of all reactants
Process Mass Intensity (PMI) =

mass of products

mass of waste

E-factor =
mass of products

2 molecular weight products
Atom Economy =

2 molecular weight reactants

¢ Trivial calculations... if the information is available.

A
@ - e ™
3.2-5% 265 B $18h Bl
Green Solvents
Ester Solvents Speciality Supercritical Fusible solids
| Solvents gases |
volatie non-voladie waxes  ionic liquids
o carrier olls ‘ ‘ ‘ ‘
o plasticizers
* coslescents ’
o isopropyaurate | | » giycarolcarbonate | [ e$CCO, | | *hydrogenated || « tricaprylmethyt
* rapeseed methy! — castor ol
estor (blodwesel) o Capryldimethytamice chloride
g . j ::::'h * 1-butyt-3-methy!
propylenglycol dloctylether ,
* TOFA ethyleneglycol- | | * dimerdiolcarbonate methylsulphate
monoester
* butylepoxystearate * ethyl lactate * 1-butyt-J-methy!
* 2ethythexyl lactate | octylsulphate

221



(3.2-6 Wit AME

1 1 Y®
R\C=N +H R\g\‘)w “HQ |REOTNR

\®
R OH o GOH; :

2 2 2
" " C=N A C=
//C—N{" N S ¥ o/ '\
@) R1 HO R! H,O R1

pokEs C MERORBECEABE B RB kL S PiIT o KR REIMEE
Be9iE R 0 RJEAS A G E Bl -

@

(32T A BB A

Closing the Loop with Green Chemistry
Green Chemistry Principle 7: Use of R ble Feedstock
“A raw material or feedstock should be renewable rather than depleting whenever
technically and economically practicable.”

Biorefinery

End Products
Organic
Waste

’h Production g @
orlr~ch0v

@ Compost
Energetic
Recovery
Renewable Raw
Materials: Starch, Recycling Biodegradation
Oil, etc.
Extraction CO..H O
Biomass

thxc\ymhcscs

Agricultural \\
Feedstocks \
Cornverting biomass from wood, prairic grass, plants, or other agricultural raw

materials into nonconventional uses is consistent with the principles of green

chemistry, which call on the chemist 1o use renewable materials, reduce energy use, Sun
and synthesize chemicals in an ervironmentally benign manner. Such uses include

@ cleaner-burning fuels, new chemicals for industrial uses, and new animal feeds.”

Manufacturing/
Processing
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Biofeedstock transformation routes

~

Intermediate chemical

products (succinic or

Hemicellulose - o

Oilseed residue
Algae
Ligno-cellulosic
biomass

levulinic acid )

Biolubricants
Detergents

Cosmetics

Biopolymers

Migh value-added molecules

Chemical products

h]

Combustion

Fresh moist e
biomass

g Electricity
i Heat

.

Classic Route to Ibuprofen

H AcOH, Al Wasts AcCH

c HC
Ac,0 ﬂ
Bk S CICHCO.Et H,0/Hs
Ay NaOEt
COCH,
E0.C—< OHC

~

Hoechst Route To Ibuprofen

NH,OH l
H.O/ He
— —
N OHN
HO,C ﬂ & S

NH

AcOH

HF H, /Ni CO,Pd

Ac0 —= E—
(0] HO HOC
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/\@j\ 8 steps; 8% yield
N

BB (a) ﬁQ%ﬁ.i@‘f‘%ﬂ

cl
(b) % & & 42 i 47 Friedel- O n
Crafts}z Rké’]f’é%&ﬁ@, RS N " NHzHC!
KI5 RERH A & o4 54T R O Lazavemide
cl J Pd catalyst
\(Oj\ + CO + HaN(CHy)oNH, 65% yield
- el TON = 3000

AL s
"0+
\\

NADH NAD™ NADH NAD™ NADH NAD™

CO, &.Z HCOOH U HCHO U CH:OH /

=

(32-10 T ARz %3 \

NaO;S NaO,S
Tetrapropylene benzene sulfonate Linear alkylbenzene sulfonate
TPPS LAS

Cl

—tZ—

SO Ao

Di(hydrogenated)tallowdimethylammonium chloride (DHTDMAC) -
Biodegradability test : 0-5%

(0] | (0]
/\/\/\/\/\/\/\/U\o/\/ ? ~"No
=

Di(ethyl ester)dimethylammonium chioride (DEEDMAC) - Biodegradability test : 76%
AF W T RRPE S R B PR 6% )
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/‘@ L e @

Dispersion o Emissions
ming Dispersion —< standords
»- Comparison with emission sy
stondords and/or ot | | Legilation
quality stondords |~ executive
Primary oir Secondory air
quolity ,.Z,.,,,d, quality stondards
Cousal analysis ~Environ ekt
(tompomn)s/ Public health ‘ ﬂ-—alus v
— Polificol decisions
A
Ideal or economical Ideol or economic
O Results domage functions domages
[ effeats [

32-12 AR Z2HCERHIEETNEL

Poly lactic acid (PLA) for plastics production

Unrefined

Dext -» Lactic Acid

Polymer Grades
Fiber

Film Lactide
Thermoforming

Bottle
Non-woven /

@ Etc.
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o 54175 & & & Sh(Pollutionand Accident Prevention)

o [ 52 4 R A% 4 (Safety and Security Assurance)
* K& A8 R A& B /R (Energy and Resource Sustainability)
ﬁ%ﬁ%&&#

Prevention
Assurance
Sustainability

s BiLBEYD
© MDA
* UBRRAHILEIH
L ESA

| B BT Bk
* BOHAFRREA| wima o Wi RAE

BP B 4775 R 56 . BRBARH

/
3.3 ik sk AL EP-A-S R
9 A A Pk AL A AR B 2 BB A K K A K BBP-A-S R 4T

- and Accident py,
\)

O
N

a

Ve
NDx.
00
-

Dubai Declaration
* Basel Convention
* 1SO 9001
* Johannesburg Plan of Implementation
* Stockholm Convention on Persistent

Organic Pollutants
Rio Declaration on Environment and Development
Globally Harmonized System of Classification and
Labelling of Chemicals
*  United Nations Millennium Declaration
* Manila Convention
Rotterdam Convention

PAS
Prevention
Assurance
Sustainability

K
(o)
Z.
‘®

Dubai Declaration

*  Manila Declaration

* Bahia Declaration on Chemical Safety
* Reform No 4 Louisville

*  Stockholm Declaration on the Human

Environment

* Montreal Protocol on Substances that
Deplete the Ozone Layer

* International Labour Organization

Convection
+ ISO 14000
* IS0 26000

¢ Paris Agreement
*  United Nations Millennium Declaration
* Energy Service Agreement
+ 1SO 50001
*  World Energy Outlook
* International Energy Agency
* Asean Plan of Action for Energy
Cooperation
*  Energy Agreement for Sustainable
Growth
*  Alternative Fuels Act
*  Energy Administration Ac
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* SDGs#i&4k it EmBehe s -

* SDG 3(ft Ef4adt) - R2MILEE LA REARREESF LTRSS

* SDG6(HRARR) BRI U EMBA » THRERFEAK

* SDG7(TAEZHRER - HBHFRFRERTRACEUBOERELE

« SDG8(ABEFERK) - HRGE LAY  REBAREFHA

« SDG YA M A EMARBZIM) MV ILELmER i S B s FuFk
BRAVGEIELEE

© SDG 11(K &4 B SUIRT) © 4k &P TR T REHFRZBE2Z—

* SDG 12(# % KB A BREABRKX) 1RV ohELER » RELNH  BE
HAEFEHBIELS

* SDG14&SDG 15(:f ¥ SLPpEHF RAER) © F1KA TLPHE » VL2 E
A RE A G BOR

&
T

(Ref: UN, 2016; USA EPA, 201 7y

~

G R RRE
b=
. BLLEEH Prevention
. HYEAY Assurance

Sustainability

* AR ELMACFELE

227



T

HRARFPHBER - BFRETETRZITE  RE=ZHX KGR -

171D N
HAEBRA (BEBEAR) LEFRNRATE L EERE -
b EERERIEFAEBRF -

2 UFEkElLE RGBT -

@

o KEHBREHS /AT (Faimess) ~ K4 (Sustamability ) & 4 B+ (
Commonality) = KREA] > BHARECNIINBERIKEEREZES  #HF S

c [E—Mk BRI HMREZFHS1998 Faysk e LS 1245 R R FH 1205
BRI P 5 sk &AL R SRS R Z BB 0 TR G - M R E v

4

s MM RERMBREAMRFORANE RS TETRIEDIW &

o g ARBBRPETRRD RABRBEZMEL o TP RRAR

~

T

HH o B ERDHABREREEORABE o (Target 12.4).

7ot A Avgk i A - (Target 3.9).

K'E - (Target 6.3).

* RIFEWHO » D SRRt bt BAHTRAKGAEREREIMER 4

Sl - 5020304 0 RFRBEA GBS AL  BRALE DS E S 4 8
0@) A4BMAMEELERER  EABED LG ER  Adv LR ey

- 5]20304 AR D ARALE Bdo % R 0 KT BRF0is Rd R
v

p ¢ 2120304 0 BB 5 R 0 KD ARICE S SR RHABEE 0 A
E BRI BEARILGIRE  RIERSERY D RZEA/FR L

v
)
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Rk EILEBHRFE

w

(41 A% e/ BRHAY E

NP

HEBRE LAY Kad
o D P 7 »
A - o WEATEN T > @A BAMFR LR EFEEL TR

PE PR EXR
18R ~ kB -~ HE

WAEM BEHRRENTEELOERCELRL YR E
> FACE RS 8 2 5 5 £ 64 4 BAlhR

FB k3~ BA-
A 57

PR R mEX|

8B ~ KB - 3EE

RO EEREMZEL > 8 S BEHE R R IR S RER
WRIER EREY AR BREE L ETEATREMIHEE
# o IR EETA RAF TR EHR BN - REEFREE
B2 BRI -

FAYHENRERES BN  HHERREWAREEREN - 5
FREFEH UL s 2 KB A EHH K

> BT HRKRRGEEHALARS Fh™ITE
> EHRXRE ~ KKE - BRRE > £ £ R F85 0 BRE -

M ﬁ&i%?ﬁ#i'iﬁyﬁﬁﬁﬂlxiﬂ§¥ﬁﬁﬁéiﬁ%%
Bitb
> DDT 4 & Fo & 1 6k a] (A A 3rfk M $HITE 5 )
> R192F K HE S S E2THRR 0 ENREDRAERE TR
M AT SRBFARIGIK R FUR 6947 A R S S o i i 69 48 L AE
BB EanRESRHBREE
Py >SRN EHEERSRPREAKL  BOENK—FRE T
E bS5 i iR o
M > AR BRI E B AR RSB BB P AL HIEE M A -
P >R T M A HNIUT KRB RA B RIEH A R TRAEBE M

%

S

229



A2 ARG ELEER G LB R

c FRKELEXHRT o REAEM - SMEMR T X B4 0 1990 FKAT
B % B 2AES 0 b i B0k £ (Pollution Prevent Act) & 3% 3r 8% 18
(Presidential Green Chemistry Challenge Awards)f{# T ¥ & £ 47 7 x &£ 3|
e Ab$ 2 48 HRAR

o 1997 FZ B RMARTERRILT M PMARRILEBLKELET R
2~ R0 RS PHBIRRAR M A K Z R K

© 2005 FF > SrBALLAABAFR THRALE R ER > LA EEBL T
BRANBMARZ LRSS > A& THMALT T

1990 1995 1997 1998 2004 2005
: - - - Pass of State Law
Pollution Presidential Green Establish GCI, 12 Principlesof  First Academical  Nobel Prize for
PreventionAct Chemistry Challenge GC&E Conference Green Program Green Chemistry,
Awards Chemistry Establish Industrial
Roundtable

Blue: Government Activities
Red: Academic Activities
Green: Industrial and Other Organization’s Activities

@
ENE ) IR ) CAREY

£ Bl 40 4 4 AL S PR 1S 720064 22012 4 69 48 55 3 4

TG AP HFRR s o = . Atorva LAz &R

aiiut gp-ghe |GUSEEARENN (UIARZRAMR | ARIBERFLAR | s (Atorasttin h &4

e Un i = 3 P

e SATES JCO, i 47 B

RREARCARMR |G2BMANHATRE | ¢ g r BT |l TORE A R T | 3R BAEIE

LatapREAGE. (B8 TRARELR sk 4 B AL 40 oy 400 | 678 M

i AP ' . ;

ﬁi:giﬁﬁﬁ:i BERAUXARBHE | MELAHOEEY |HOREMAFLRST |ASAARIERIEH

5 e AR ey X o

by

i:ﬁzzﬂziﬂﬁ 8 S A B A ;?giﬁf:ég SR AR A A R | 15t 87 80 2 R AR B

e R S e BARMH IS |Gk

R RAE BRI | PR A . .
RKCO L AR |MEHEEALMHE | L HEEoRERSE

BHFEIEAENHFEEA | (Treattaromes™) % 3 R

5 Siind HHEEANDEH | LBEH (Sitagliptin)

IR T & 6 R A LI )

ki SN AR | RS RER | RMARRLE |, .

o m ks Rdes |V : BT ARAR

%2, B8 HBEHE T8

WEMBILH T RAR |AREFRRLEHS |RECOR—RILR | :

PR P MR R AR G R o) | S0 L4 ;f‘“*ig%ﬁm ggi**““zﬁa

(Simvastatin) T F {3
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42 ARG EIERES B BN A
o B TeRMIeS sy A S 2, (EuCheMS European Association For
Chemical And Molecular Sciences, EuCheMS ) 4, & 20104 B 44 %8 288k o K 4%
L858 » BERFRE—R > BEIHARLE
o ERABH RS RIRIE  REGFRAA ALEFoZFEN - o f] A 3448 A5 85
AL B hoik RE 5
e EAEXRERTHEZIARMEEHM  WwAEHER
c MBEMARBES - ERABIRERBRKZIEE - HwERRRDBIEE

BAHEI
o I RAMBEHBIRASHMBRILER  RARANILEE L EWER
BREE -

@ Y
42 BEGELBER TG | LR k

o AL X —EMBEHCEIP AR RS AR B AR R R
F&E" BRRAKRD A EHEAGFERK -

o KBILLHBHRRMIERTY > LR AGERSME RREZEYR
#HEHETETX RO ARTELZBRERGIBT -

0
Raw Materials ® Products End of Life
- l - Management
POTENTIAL RISKS POTENTIAL RISKS
+ To workers ‘ + To workers POTENTIAL RISKS
 To suppliers = + To shippers + To workers
+ To shippers Chemical Synthesis + To waste handlers + To communities near
manufacturing site
+ To communities near POTENTIAL RISKS + To communities near
manufacturing site 3 manufacturing site + To local environment
+ To local environment Toworms « To consumers Iomus::sn::
+ To communities near communit
+ To global environment manufacturing site + To local environment them
 To local environment * To global environment + To global environment
+ To global environment

v
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(42 ARG G2 BB G ¢ AN K

o B 1990 £ 2007 M c R E B HHAABUEEEE T ¥ RGeS
& R B # % 0 754 & 4 7 Industrial Chemical Regulations ~ Industrial
Chemical Act 24 & Cosmetic Standard -

o 2000 #;R M B fF 3 3 T Centre of Green Chemistry LA % & 4k &, 164248 Bf] $4kF
BAFI -

o BINRM 2 £ E & (Royal Australian Chemical Institute, RACI) #1999
FHRBARGECERBE  BEERFHSEANAFREREE &
A7 e R EARF AR R R 291 & L B3 Gt — -

1990 1989 1997 1999 2000 2007
Industrial Industrial Industrial Chemicals Green Chemistry Establish of Cosmetics
Chemicals Chemicals (Registration Charge) Challenge Awards Centre for Green  Standard

(Notificationand (Notificationand Act Chemistry
Assessment) Assessment)Act
Regulations

42RABGEILERREI G BA k

o B AM2000F 3 " 4o R KEEIEZ 4 (Green and Sustainable
Chemical Award) | » S R&F -~ E H U T ¥1BH -~ 3EIFIEB K
BHF ~xfo~ &~ A LAFNBEBRTHE > BEHFE4&E
CRERAFZRIF2ERERES  FIBRGEFHEE2EB (US

Environmental Protection Agency) -

o B A2 FEKR R4 (Ryoji Noyori, 200143 B 24543 )
N2005F R 2| 4k L ZH=BERER  ERBEBERCO2A 4% &
BE - BEAARBITHFERCRERER R AEITRAHEHBLER -
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42 BR%EILEEREFTG I B A

HeKARE AR AR B

BRBEASZERERD
A

BRAARBHDZERE AR

HI R CO A A AUk & & WAk Bk As

BREAMGERACHEER
#

HARREAERENRUER
LSe35

HFRETECAMALEENY
o AN EE NBLR(e-
Caprolactam)

HRIE T EMOA AR
FZaAF K

BERERBAS 2 KEAH
BERANET A

ARG L E A REER
#at

R AR BB R R
. RT3

R A A mERZ %) A
s BH EARNKELAR
P

HaMHSARMADILES | Rof SRR ELE R
sl sl RH AR £ & dhi
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Green Chemistry Stratedie

» Green chemistry strategies seek
innovative methods to preventstihed
generation of hazardous substan
initially.

Qi§k = exposure x hazard

Green chemistry involves inventing new
and'innovative methods of reducing
chemical hazards while synthesising
superior products in a more efficient and
economical way.

52 4 &AL 2 EE X B
O Environmental benefits and financial performance of green chemistry.
Economic Benefit Mechanism of Cost Reduction Environmental Benefit
DIRECT COST REDUCTION
* Higher Efficiency
* Infrastructure
Cost of * Policy and Regulation
Materials,  « Packaging costs Climate
Energyand  * Production or operating costs - Change
Services * Raw Materials
*+ Storage
Financial * Transportation Environmental
Performance * Waste disposal Performance
INDIRECT COST REDUCTION

* Application of chemical

Risk * Handling and worker exposure =
Reduction  * Manufacturing - o]
* Transportation of chemical
* Use

Output of commerce committee
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lj(e—y—éadem to implementatlon of Green ChemistrE

* Human Barriers
* inertia to change from old paradigm to New Paradigm
* decades of shop-floor experience becomes barrier instead of resource

* Scale-up Barriers
* want to see same result in lab as that expected in plant
* availability of plant to take trials with new technology
* risk of scale-up - who will bear?

* Market Barriers
* Lack of awareness about potential of Green Chemistry tool box
* Some myths like it's expensive, it will increase cost, etc

* IP Barriers
* challenge to protect IP
* little respect for IP in the industry — no hesitation in copying idea

@

(5.3 4 6,005 1 89 R LI

( Pollution }—bﬁ:loan-up coﬂs)
Energy
inefficiencies

Raw material
inefficiencies

Emissions
issues workforce

A

_,[Heanh and safety ( Attitudes of ]

Environment Attitudes of

Production Public Relations

Increased costs of
technology to
stay in business

r

Increased cost
of raw materials
through depletion
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Thank you for your attention !!!

Questions and Comments ??
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46 (CANON) 4 3% ] 4 He iy
o ik (Canon) —HEBRANKERZ LB RATEHRIERNHGERESDT -

o R BB RATIR A 0 A 0 MRS 8 TR BB AT F R -
s Rt BB RSB T KR -

Calculator outer casing
Quality
Check =i Business machines Internal
Components
Pulverization
washing and
removal of
g o
2 2 foreign
3 3 objects
S ] | Reformulation of Quality | Use In outer casing of
Q Q pellets [P Check g business machines
=3 <
@ S
g &
g g
a a4,
g 2
: :
3 3
3 a
s s
= 3
[/ ] Pulverization
washing and Engineeringplastics ot Usei v b
ieriovelof with reformulated uality se in power supply box
> 3 » Check covers of Inkjet printers
foreign pellets
° objects

o
(121 4 A ELLRERERS : B A E
o (FUJITSU) = W H AT
« BAEE2A3E (Fujitsultd.) & —
RERERAERBIREEET | o

Company outside

cHANEMEHRTTEATH | |
EETE—ERE LR 7ﬁ\J\\\ —
© P STRRERRFaees || e
O MAAREM TG L AR rodn \\\ iicn
BE AT B - e
o F4 3R 2 £ BUS-based ’ necycle N
Anything IT ¥ 2 &) S 4E B 4F > A
KB+ 4 RAF OV 5 - i3 | Meodnersne cusomer
B AEREHOHE BERER e
ARERBETESAELER -

@ y

Distribution
Partner
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NEC &) e 7

o EH Tk Y AT AR A
T AT ERAIR 0 B4 [
EHhBHGEBEFE g

. s A |2 2
Ao A48 a g

i

© ETHBBEEELRLBm |
IA¥  PCBREI Xt 4B 3
E’J qﬁ; {l—‘\ :% iﬁ'ﬁ‘)ﬁﬁ_ i f Inspection and

o NEC ) :E&18 A 5% kB HK

Suguos pue Suipuews|q enusy |

.__J Printed Circuit 8oard }—‘(&alem metal refineries

J

J

S
= = 5 . ‘
N 3
Case (Steel) s ( Steel }—{ To manufacturer J
Units a
Power Supply § [ Al Cu H To manufacturer ]
Chassis, Etc. a
0 [ Shredder Dust H Landfill ]

l Cables \[ Soletonon mud manAacie 1; To manufacturer
——{ Braun tube glass ]—-[

H Heat recovery and Slag utilization |
{ Plastics f { J

J Pr L,[ Reuse (NEC) ]
—{ Fluorescent Lamps }— mercury

Hg

Washing and Crushing |

LCO Unit

Processing Company

N ; T

*{

Battery

;'F‘IJ Q}EFG é &5 é{] ;J'{/é\ % o maintainance Sale:o metal
refinery
Pb, Cd, Co, 2n,
a etc,
F ’ ; I
122 X A& BILEBRMBERES - TH
Benchmarking SWOT Portfolio Analysis
St o
m Ivnontve pomiola  + Limawd datrbuton
+ Good reputation * Hgh prces.
- o [ e ton
- g ;
R ﬁﬁlﬁ.l!. ﬂ.
Margin + Move oo * Local competiors
Key Assumptions e ey - High-level Goals
ryoe o g « Market sdowedown Low g
oo Thmgtion ] -
Market Annusl Chine macet growth ot &8
Deveiopment from 20142017
Technolagy Mo major techaciog sl
imares of wy plastics before 2018
Competition Competitor Aremeins focused on price. o
N2 me o MEA Bctamy
B fnaiysts
Strategic Controlling Key Levers
Mwstone. Musiora Comt Atects rage of syawges Tt
Sun { -~ .}. = [v] Strategy 0 onear cr b st
iei(fe F Review Development Design L |t
: / Fhocoss = ==
: | | = |
JFNMAMY IA S OND lmp _
Adaptations/Revision tation Strategic Options
? r =
s swgy @ = Implementation Team Implementation Plan
o 014
° e | lan T Fob T Mo
PVC additives
Launch xy —
Grow zy —_—
Far —_—
Promotions —_—
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@ China Leather & Footwear Industry Institute

® .

=8 3. Clean Production

=

x

s 3.2 Sustainable Technologies for Chrome Control

#1 & Method 1 — extend chrome recovery chain

® o e Akah | Focauiste

i ;

x

‘” Chrome Sludge \V,

i: Reuse

B  Technical measure: |
| » Chrome-bearing
| individual collection

area;

I
I
1
| 1
| ~» Chrome recovery and |
1
|
I

| reuse technology;

i ! Water-saving and
Chrome WW i | recycle technology.

Ty . o 1. A Teca ... O
R‘e‘ ~Y/( , 1Nne A b
o b &

~ In FY 2015, LM/LMS saved enough | \
* energy by recycling aluminum \

to keep a 100-watt bulb burning

continuously for nearly 11.6 years! ‘

Fast Facts:
* Recycling aluminum saves more than 90 percent of the energy required

to produce a comparable amount of new metal from raw materials
» Recycling one aluminum can saves enough energy to keep a 100-watt bulb burning for. aimost 4 hours
* Approximately 835 pounds of aluminum were recycled in £Y 2015

LM: Office of Legacy Management
LMS: Legacy Management Support
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Green Factory

PPN
JE |1 Westeminimzaton SCI 1 8 #H R Z S K d &)
3 % _ Waste ‘g
g 2 Regulation Conformance § 1. ﬁ @ {I:\ ¥
8 1.Eco process/Eco line ) Process
|1 High effcient product 2.4 & ABF
8 §’ 2Frendlyrefrigerant ) Product =
3 Resource minimzation § S
- [=%
1.Competence é g 3-3* éag. ;ﬂ
£i People &
3 2 Housekeeper's consciousness
1 Renewable energy 4.5 &, ﬂ $2
2Energy management system
§§ 3CSR actly Company %
4.Cemﬁcab9n approval g. 5. '% é} & i. %
5. Communication wi
[ 3R+1:Reduce,Reuse,Recycle,Replacement [

(1.2-3 SBRGKEILEBMBERES £ B

Most Preferred

B Fonurontn opion Prevention/Source Reduction

If you can't prevent or reduce...

Reuse/Repurpose
Ifyouican't reuse orrepurpose...
Recycle
Ifyoucanitrecycles:

Hacovar Valls

I you san't rgsoyar valus..,

~ LeastPreferred I
Environmental Option ! Iiﬁ%lse

g

- &——— EO 13693 Goal

™ Nonhazardous solid
waste diversion
(Excluding construction |
and demolition debris)

%2 ¢ 8588 388

3

™ Construction and
demolition materials and
2015 debris diversion

w
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CHOICE

Meets U.S. EPA
Safer Product
Standards

epa.gov/saferchoice

Look for EPA’s
Safer Choice label

to find products with ingredients that are
safer for schools and communities

' v;
|SAFER
|CHOICE

(123 s MG B EHEHARY L8 k

(RS eaFas T ARAKG /LSBT | (Presidential
Green Chemistry Challenge Awards)#s$fik B &k 6 ALS: K 24K B Bk -
IR A NI

% &, 4 3% 4 3% (Greener Synthetic Pathways) ~

4 &, R E4% 1 38 (Greener Reaction Conditions) »

% At 3%3% 3t 88 (The Design of Greener Chemicals) »
4% 4% (Small Business) »

£ 45 8% (Academic) »

A% 4138 (Specific Environmental Benefit: Climate Change)% -

IE = R E:

A B A AR AR &
HABREIRA S -

TR FRIER oY A & A o

P ¥HHE 367

244



(124 5 A% EARHEEERS  mEA

RALF AT

Gasification Basics ~ ©'en Syngas (COH;)

To Chemicals or

N,

Air Separation

Carbhon Source
Feedstock

+HO

Vitrified (inert)
Slag/Frit

Remove C
Oxygen Shift Reactor kil concema:'d“
Gasifier (Optional) stream or let slip
(00-00% CO +H,0 > CO, +H, with clean syngas

@

* Nexterra F%8 7 # R £ % £1642 & & 5 &9 energy-from-waste

(124 5 A% EARHEEERS  mEA

MR R e AL ERPELFURT T BRE -

Enabling the next generation of AC systems

Self-forming nano grid (SFnG)

@ SOLAR

€0

{i\, BATTERY INVERTER

* Solantro i A #r4E & H 81 R 453% fh H i Ao R 443%MH3%3t ™ (OEM/ODM ) &tk 4

SFnG system architecture

@a- @Q... @a

PANELS WITH > E
MICRO-INVERTERS s IDP

MICRO
INVERTER

connected to
PV PANEL

AC BATTERY
INVERTER

with BMS and
BATTERY BANK

LOAD

J
~
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Renewable Low carbon Sustainable Sustainable
energy homes forestry agriculture

| L] il R R

Ground Electric/ Electric charging/
source heat hydrogen/ hydrogen Hybrid/biogas Low carbon businesses
pump Bicycles biofuel car fuelling station hydrogen bus and industries

(124 5 B4 B2 HERERS  mEA h

Craft Brewers - Passionate ahout Beer & Serious About the Environment

Craft beer is the fastest growing segment : '
within the LCBO’s beer category, growing and counting... :

0, '
between 20 to 30% per year. : ‘m BLOOM is the "go-to" authority on

ario | eel S in | : sustainable business practices
Ontario Craft Beer Sales inthe B i 5
LCBO H raft Breweries are ;

located in over 100 And is creating a free online portal to
communities across

5 Ontario : educate craft bredwers on water
5 : ! management and best practices called
a8 ¥100:000 : : Water & Beer.

In 2015 $50,000,000

Brewers depend on water as a main ingredient
in the product and for sanitary use 1 ! &ABEER
\»)

LY}

Visit www.waterandbeer.ca for more information

Cran Bry = FactSheat pat : This initative s supported by Growing Forward 2 (GF2)
Ontario Craft Brewers; hitp./Awww ontariocrafibrewers. com/pdmedia_Industry? ‘
LCBO; hitp:/www.Jcbo. comicontentidam/icbo/corporate-pages/about/pdliL CBO._/ AR\yu«gu;n pat : a foderal-provinciak-terrtiorial inftiative
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Industry Clusters in the Netherlands
WE @ = X¢) 3

9Rotterdam 9The Hague @Amsterdam 9Utrecht
9Delft 9Leiden Creative Hub, Advertising
Life Sciences Software, Multimedia, Gaming
Fashion (European HQ)

Life Sciences

Cyber Security
Telecom

Finance

A%

9Chemelot 9Maastricht

Chemical Campus

9Eindhoven
High Tech Campus Eindhoven

Open Innovation led by DSM and others : i
Open Innovation led by Philips and ASML

Chemicals, Materials, Life Sciences .
Hardware/Electronics Manufacturing Heart

Highest # of Patents per Capita in the World
Life Sciences

Automotive

e ®

©Arnhem 9Nijmegen
9Wageningen
Health Valley
Food Valley NL

9Twente
Nanotech (MESA +)
Hardware Manufacturing
Mathematics (CTIT)

Computer Science

Cr

9Groningen
Healthy Aging
Lifelines

Engineering Data Centers

(125 A RGBS HMREES B

ecological
processes

functionol
troits

«

biophysical

socio-economic systems

use and
other capital inputs

human well-being

genetic benefits

diversity

species

biodiversity e ness

biotic
interoctions

state
present and future
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Ut R A R

How Algae Biodiesel Works Bioreactor Process

GAS AND WATER ALGAE ALGAE OiL
CONDITIONING  GROWTH HARVE‘STING EXTRACTION

AL AL L N .
-
AR ANS |
AARNNNN
ARRN AN

.
.
L
L3
.
v
.

AARRNNNN
ARRRNNAS

-
-~
-
.
-

Nutrients Recycled Water Biomass
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U.S. Leads the Way in Smart Home Adoption

Estimated number of smart homes (in million households)

24.5 W 2015 @ 2020

4.6

8 2.4
o [l o N
=] . L
United States Japan Germany

* chart includes the five largest markets in terms of

@ @ @ revenue in 2015

e Ostatista_com  Source: Statista Digital Market Outlook

o3

China

2.1

0.2

United Kingdom

<{O>Meltwater statista%

(126 ARG BB HMBERAES : A H

SHHEREMA S ABREAKRE LR

. - - = ——py
R R s
| e v C N g ki

e Nt B ]
Facility Water

Romesti Use

®

\
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PRIORITY AREAS FOR RESEARCH TO MAINTAIN AND ENHANCE

AKEER LA A THE UK’S COMPETITIVE POSITION IN GLOBAL FOOD MANUFACTURE
A resource efficient A safe, secure food
food manufacturing manufacturing

supply chain

supply chain

Sustainable
Food Supply AUTHENTICITY
Chain

An innovative,
resilient food
supply chain for

the 21" century
@ populations

(1.3 % AL 2 55 2

By 155 R & S ABREBREA RN  ARERERADHNE
Product Process Organizational
Innovations Innovations Innovations
|
Rl plis Toch Cleaner Production Technologies
(Integrated Measures)
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* Brab B ZE4(1)

© RV ETEM(8)

o O] [FAREZ 3% 3H(10)

o UL AL Sk &SNS A (12)

|

@ y

(21 AL BRB: ERHER T EARSELBAE )

o &% k34 % (Carbon efficiency) : £ B8 T ¥ P8 %1k A sLfE542 » T
Auw R R THBERKE  ERMoHEEFG

XS
REM 25 E

B RNE = (%)

o B F#)H 2k F(Atom economy) : AR TUAHEEG ZRARME P&yt
b % ZRLEBBDINFSRB A EETE—ZREAY &
TRBIREFAAZE  BPRIGEELZEILSEZER -

An+E
PR ARz RS FE

BRIARME = (%)

» 3% 3545 #(Environmental factor) : b5 AT AMMAHEZ B EY
AT AVATHRER Bl asgfl o Rie #5485
BELET EAVBEDOZRTHEGTAGEAN IS BHBIKRAL
BREABOREBBRED -

AAXZBREMES
@ Bl = FY T (%) /
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LG AR ERARAOHBRMTAHARAE  FLRAELTE
B~ Ak & B R BRAT 4
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ARG EeHMAL T AR REREMRBARE - ERA %S
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o HkAKEETIHEHERTEREOWEIE  FPRIEBREURBELALAZFRA B
CODAAALHIREBEGZFH AN » STHNET LD A SBEARET - &
BEBARAZRHBEARBR  THATHREKALEDWS  BREERAEE—
FROR 0 A — R P PR Z 3RAT AR K 0 87T B L2 B80~90% X 4 °

A A PH | cuctppm B
e AdEr T I i = oh

ik EFEHEES

§ H 1%
SR Z AW [Cu=2030gL FHER | Cudsgl _
L ETE S e L

2l
@ F:"I http://tech.get.com.tw/tech/tech-6.htm /

(2.4 4w bt frrear]

Electrostatic separation method

o R AL S B AR R R AR kK R R B AU BUR

o EIRBATEYE R A BA R A AR FE0DSHa KA B

s ERBERIEREHTHEABSH XA DUCERHER - TRERZEH  EHRAFE ST ERS
ERAH A EFABZXFT S

@ Asada Corporation, 2015/
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CO:depleted oo pnriched I;1o.qngzaﬂ

Flnegas Process liquid Gasdliquid —Grsy B
SLJ
Coy flue gas

separator

BP

BP o

4 Carbon enriched
1 solution

—— B o, CEM B

1 1
v : : §

3 i f
- + ] <-i > - f > |=

Rel Nudon ¥ il on:
elease ¥ = 1
- 1 4
(acidic) "E P iR < : N
Chamber s Hd= <d»

R : :

) H i

ool . H Capture Release Capture Release i
Flue gas -o oo L] | ! L -

Process liquid return Purified CO: s ta Ak .t % Re,
@ G
: €O, laden AA
|  Cation-exchange membrane (CEM) flue gas S o
: f;rb;: depleted
. luti
|| Bipolar Membrane (BP) Gas-liquid Ry | Pure
separator CO,

[] Resin Wafer

¥ {BIRW-EDIE 7T i 7 CO, 4% 3% (14 % RW-EDI %% 4 £ HupH¥%E %] F 74 CO, 4 3%
AR

@ y
(261 BT/ E M @M | BT [insase]

Critical metals
Precious metals
Rare Earths

Electronic wastes

WA HREBRETRED T RREIK?
&

U] &“**ﬂﬂﬁ&’&y
UWin Nanotech Co. Lid.
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20%H, +80% N,

W ﬂu*#mmm»n/
UWin Nanotech Co, Ltd

(262 T F @ BT 1 85511 4 B R tnintn]

8. XY ITEY
10. =] B A Z3xEt

B

Vin Nanotech Co, Ltd.

RN &u*#mmm»n/
uw

255



(2.62 T FHw s 1 4B HUk B R R [eminse]
|1o.fr!¥#za‘rr

Hrig T3 A BALE E F 1R IF 4% =i —Barrel One Automatic Machine

PCBER b - 4R ey kg m p
HABEER  TUBAAGESL
B Bhe 4By E

@ (:/‘ &I**ﬂaﬁma}y
UWin Nanotech Co, Ltd.

(2.6-3 T8 E M e A RBEES

BRI EHIL 10 THAZEH

Power Consumption of Main Engine
(Kilowatt/ Per Ton of Motherboard)
Power Consumption of Processing

296 1233 1054712
(Kilowatt/ Per Ton of Motherboard)
Total electricity consumption
(Kilowatt/ Per Ton of Motherboard)
Electricity carbon emissions
(KgCo2e/ Per Ton of Motherboard)
Water Consumption
(Kilowatt/ Per Ton of Motherboard)

Carbon of water consumption

245183833

017 0 0
(KgCo2e/ Per Ton of Motherboard)
Th | carbo issi
e e 181 1219 169904596
(KgCo2e/ Per Ton of Motherboard)
6022 40618 5663486535

Number of trees needed

oy AR R D

UWin Nanotech Co., Ltd
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Case study: Codexis, Inc. & Dr.Yi Tang,

UCLA |12 8 %2 LS ap LS gL

® i TRGHRBEEBHELEY  dRAEIYS -

® Codexisif LB fviL 21842 - L& A 6hBR R KRB A
EhRE BARAKBESRELHER - BKMfvEp
B by — b v B4k R T W FRAIT o

'%mi%%ma¢¥&mJ%%é$Lﬁ&’Mﬁ%m

& HAE A ARG Hoi 4 & 3 %4k T(Simvastatin) (9
= CODEXIS

ZRIEGFZ -
Ho 9 e coo NH5* HO*CCOO'NW
LovD acylase P
) Lovastatin NH,*-monacolin J NH4* Simvastatin Simvastatin
/
\
~ PRER D R AR BT
s BV A ELESKR3)
* X E R ILE (4)
o R R IEH HBHE(5)
© BPEF AT T R 6 (11)
/
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(3. Solberg &) & & & KLk

o HMATAR |l
Akthmlk ~ 9
RaEHaY
WR K E A
KK

s

3.8 th# FALFA K

43 R EE RS

http://www.solbergfoam.com//

(3. Solberg &) & & & KLk

* Pyro-cool Fire Extinguishing Foam (FEF)

SAFETY LIFE CYCLE
1. Risk or Safety

5. Maintain

Assessment
and Improvei Wl

2. Functional
Requirements

and Validation

3. Design and
Verification

@

3.8 th# FALFA K

4% R EE RS

-

-

WATER

PYROCOOL

-,
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(32lanapt itk o M A BN ] )

43 R RS
5.8 44 W5 R Lo A

o K& RHCANAE R RIEFCO/CO2#L AL T R4} 345 A 4ARE R R L A LEE

c K& R RS (isocyanate) & £ B R BB R 1250 L R A
(polyurethane) R #4 ; RAB ML SA5AM - BB > HEH > BEMHH A RFY
AL B AR B RUERES » Hlamine R JE © A Ak % ¥ 2L 7 £ 85 (polyhydroxy urethane) » 4
20 R B ey RAL S # A

C0/C0, ———> = A\
/JC A OH
)ks 0
Ethanol
[Traditionai poly urethane synthesis | Acetyl-CoA
0=C=N__~ { ﬁ\/
O\N:c;o T S \kO( A Sio/\’odf\ ‘ \\
Isocyanate Diol A polyurethane l 0

OH OH

O/YR\(\O " _RE o U ARAD g N OH
o)’» o oq\(o HN NH, ho‘/ \f;H ik Acetic acid
Cyclic carbonate Amine A polyhydroxyurethane &/
NOTE: R and R’ are proprietary
OH
2,3-Butanediol

C&EN, Volume 93 Issue 33, pp. 32-35, 2015/

/3.3 BV B E g B IR EELE |

43 R RS
5.8 44 W5 R Lo A

® “RETHEAEMEMBME (Bh  2#AHF) r EEAEAREE ©

A solventless reaction:
Grind
Solid A + Solid B —— Solid C (quantitative yield)

NH, CHO 2

R" 4 H,0
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grrresT T
o B RRE ALK TR T

5. R HEAA

_ DRY CLEANING OF CLC cl cl
® Tetra chloroethene(C2Clz) was earlier

used as solvent for dry cleaning but these

compound contaminates the ground water —

and suspected carcinogen. e

© The process usin 'I’hIS compound is_now / \

bei - d % process where

( ' suit cl cl

W R TH

Perchloroethylene

High pressure system
cleans with liquid CO,
By-product of
industrial processes

Skin, eye, respiratory
irritation

Nervous system
CHE S

Damage to liver,

No environmental,

kKidneys
THIS AREA CONTAINS AC
Proposition 65 CMEMICALS KNOWN TO health hazards
e e identified
\ Reproductive toxin e s oo

f3-5 Kk 4 T SRIRAEREEE |

4.3% 3 R E S
Case study: Buckman International, Inc. et
e B Y 5 R PL AR AT T 8 AE R A KR 4 ‘Buckman

Commitment makes the best chemistry.

® Gy N A BHBEEREETEOARE %%mﬁﬂ&w 5mm

® © % 2 iMaximyze® BB R KA T 49 4R 4 T A ho i R R A I RS S R B 0 1R
BIREA RRWMBRERET E - BRERIHILEDRAER -

® 51334 M AR 30D R M k4R B B Lb ] 09 B 4K 0 4R B8 TR T 8 41008 £ T
PEEXTIE SR IE LI LY S ¢ &

® Maximyze fifig oy 45 & e B A T LB MM KR AR 5 4 - B SRR
& #&Maximyze ik #i5 & 2 %
7y

e Fibrillation is evident through multiple
\ be seen connecting adjacentfibers fibrils (arrows) between cellulosefibers /
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© RT&H(2)

aX @

HE R % (6)

© A AERHM(T)
o R IFAHMEILE(9)

N
a1 B R AR & e LS F R BN

J

| 0.2 R e fiie | 28 T84
[7.6em & 2 mst | 6xstsman sk

Environmentally:
friendly Energy &
Energy Storage

\ Sewage gas /

CO;-reduced Power

\_ Generation _/

Electrochemical

it Grids

Smart Grid
Local and District
Heat Grid

Circular Economy

Sustainable
Management

Removal of
Contaminants &
Hazardous Waste
Reduction /

Water-efficient
Technology in the
Residential Sector

ur
Efficlency

Industry-specific

ernative F Energy-efficlent
Production Proce

Photovoltai Energy fi Biofuels Biotechnology

Solarthermal Energy | | Waste & Natural Gas Nanotechnology w’:::‘:'}’:c‘,"‘,’gz‘m

Geothermal Energy Sorting Technology Hybrid Drive Mechanical Efficient Engines

Wind Energy ¢ Electrical Drive Engineering / Heat Recovery
Bloenergy Fuel Cell Drive Process Technology

Energy Efficie

Infrastructure &
Traffic Control

Management

Carsharing
Vehicle Fleet
Management

© 2013 by DCTI1, EuPD Research & KPMG (2013). Cleantech-Standortgutachten 2013, Based on: Roland Berger Strategy C

Optimisation of
Existing Processes
Utilitsation of

Recycling Components of the
Thermal Waste Water Distribution C AN i
Treatment System & ompound Materials
ater D Gl | ETICientC Electric Appliances
Power Plant Engines : Information &
Cogeneration Plants Environmentally: Communication
High-Performance VQ*:I"IE“le x Material-efficient Technology
cle Design P 5505
Power Stations Safeguarding & \ / roc 1llumination

Technolog . i Matests
tﬂ::zﬂ%‘af Tg:gg{;;llc: tnhtc Ytlarl‘:lec"(‘:g:!':ol Reduction of = 'dTedén'cal
Mechanical Storage Commercial Sector / Integrated Traffic Operating Supplies U'Bumn :g'.meﬂt
Infrastructure
Storage Environmental Electric Charging (lrx::::‘t’l‘:sn)&
Electrical Storage Remediation Stations
herm: Natural Gas Fuellin
\_Themal Storage ] [T\'3nd Rehabilitation i)
Ecological Restoration,

(2012).

de in y 3.0.
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| smsm pareriiie | 2B ek

42 4 BB AR L A

| 7.6 4 ot | 6axat s ¥
4 H e BB B RAN
#8510 X
wAs1Edh oz ||l .
(Trans- A b | EE R RERH em ¥t
esterification) b fs 1y
e £k | ERAREMH | eBEL
B ontation) | T W[ 2 ma | EMRRSME | eBkl
R4 R OKAR B BWEREY | £ QB | EHHRERH SRIE S
EXVE 21 BB & : : . o
(Biotransformation) | F 7ki& ;5 an b R A R E R
R
(Anaerobic BR SEE A TR AR A em ¥t
Digestion)
HEm =
Ak 2 g | 2R At~ BE _—
(Gasification) E;g igm SRE | EHER - LENRH S R B
(Pyrolysis) ARA | EEWAR - BB SRR
[2m7ea|

a3 & AR

162 £ YR Z R AR -

Polyurethanes Polyesters Nylon
:

/ / ‘\\\ ‘ /
Polyols R 2
N LoS-TY “Polymers
N Hegg ; 4
\\

| 7.0 4 ot | 6aat s ¥

@ The _Siereiiiagry Platform

Lignin

f
/

/ Ethanol
/‘

>

O 254k e oS i A YR B A £ 8 BERM IS & &

Acetic
acid

Organic acigs\\\\ \

Fibers «
ek \\

N
~.

|
/
|

/

N "~ Monomer;

\

<//
P
sl

Biofuels =

=7

=

e

Green solvents

__—" (ethyl lactate)

Specialty chemicals
(Yo

_—— Biorefining

y) =
\. Highf \ Amino acias

\ performance ¥
Fecd additives materials Pharmaceutica’
precur=s.s

The Biorefinery Platform: Biomass routes to renewable chemistry.
(Pfaltzgraff, LA and Clark, JH, 2014)
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K 4.3-1 i %ﬁ'ﬁ&"ﬁﬁ"i% ﬁg‘ 740 A R | s.i:}iii: |

FI R R I8 (PLA) & & A BB

b Unrefined

Disvisviag ition |- Lactic Acid

Corn =¥ Starch

Polymer Grades
Fiber

Film
Thermoforming

Bottle AN

Woven
Non-woven
Etc.
& y,
(831 & B -  B T FEL T
H ¥e A b s5 (PHA's)

Sunlight Sugar solution

L" = O 0

Plastic product PHA
Fermentation

1 - Biodegradation to CO,and H,0O

@ Y
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4 i | 0. %5 Rurertiiem | 2B T8 %
4.3-1 :‘t % ﬁﬁ&‘pﬁ'i % ﬁ H; | 740 A AR | 63 ERAE
O A A A SFHHE T KRB R ey 58 F AAREL S mPEFFPET »
ML EEMER

| eosock | procss | prooucr |

n:}:f; & N,CQ% ..:(_;i'. N i}\“i ‘J’
! — ¢mx2'h:hv¢ro m Fombicydo  Z=§ . iene Ouidation, Tersphthatc terephthalate —— =

rios i _r—‘ 12.2,1) hept-2-ene acid (TA) _1'—' e

~ Ethylene
HME Acrolein veol (€G)
8
| o] O
o L
' LN o NA
Dehydration  ydroxymethyl Bio-based
Fructose ——————= T (ol (WMF) | ™ ottle
1 ] H
\
g | H-c-o-H /\/
§ H
3 Ethylene 2
z FDCA Methanol FOMC md oy
Furan-2,5- 1 Duntmv” ran- Polyethylene
sad furancate  —
(FOCA) Esterification md (Fomc) Polymerization (PEF)
o
wo A N on Il ol | o o

o Med = C. C~ e 1B S
oY ~r

K (Guneet Kaur, et, al., 2017M

a s Eb 2 | 0.2 R areamie | 2.8 7o %
4.4 £ #1626 R | 7.6 4 gt | 6axat s ¥
BERABSEARGBACE - ol Ut o vo onyegtemion

3 TR & EO MEG HO 0 OH s"g'z’i"
FRERE : DEG
D 19 Fﬁ ﬁ% éa VA s ﬁ'} ( '{5’] 4o : CO2 ) Hx'fj(: Catalyst oxio gy EN\erneEccarbonale
=4 Y > = ey \‘—\" >,
& s } ~'99.3%
o ;Ei‘ll Ethylene glycol synthesis process using novel

homogeneous catalyst.

Ethylene oxide production of monoethylene glycol technology
and the traditional comparison

Novel technology ———————— Q
: Phenol ]\ [Polvcarbonale]

Dighe“V' bis-phenol A ]
Car

P

@ 5 ~ Conventional | AsahiKASEI

Novel and Traditional Comparison of Polycarbonate Production (Ushikubo 2013)/
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45 BARM el

F BT BB AT 0 RO ZER
FolEABERTRTAAL

Non-renewable Renewable

451 AARM RARENEFA i

@

ERAMAENKTECREZEDRELEREY

If the waste activated sludge is added into the anode chamber of MFCs in treatment of solid potato
waste, the following functions may occur:

» Promote the hydrolysis of solid potato waste
» Be used as substrate

Potat ti
bl G » The sludge originated bacteria may compete with electrogenic bacteria for hydrolysis products,

5] o Bl Ratios of potato and WAS/inactivated WAS
E> %?';mm éﬁm WAStoPotato 0:1 10 1.2 14 ~On
] Inactivated
WAS hrenarati S mm WASwpoe 0L 100 12 14 o4 VR\: e Vamica
preparation - — | =
8.0 g
The WAS ]
. C“\L‘:\"s“d inactivated = :ﬁﬁ = I L‘
J
Fresh WAS by NaClO & Carbon el
mS:‘n'kd :;‘ﬁ:;d Mixture of solid N
cenl
413000 rpm for § potato and
min, WAS/inactivated Cation exchange V]
Anacrobically cultured WAS membrane
Centrifuged WAS forone week.  —
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(452 BAEM  ABETARER

Fuel Cells, Fuel Processing

and CO, Sequestration A
i vy
Sunlight < >
LA
CO, heated by Q,,i;..pvs Qstack otc.s Quroducts RsotariR (betow

[2m7e#|

| 7.6 22t | 6%t o dak

Nanophotonics-
Enhanced Photovoltaic

Molten Molten Molten Au O
Carbonate Carbonate Carbonate +
Electrolysis Cell Electrolysis Cell |g Visible MoO3
] light
co/ic O, co/c O, co/cC 0O, —
Molten Li,CO, p
electrolyte GalnP top cell s A C60
formed at Wide band gap, prar e i ZnO l -
e cathode: tunnel junction ‘, -
1 solid carbon |8 middle col e,
(T<900 °C) s : s /% Quartz Substrate
i it 4
CO (T>900 °C) e =X A
Buffer rogiomf- GarIAS butter = v 4
Ge bottom coll\ D V Q

v

(452 BAEM  ABETARES

PACO2 2 o oFt 3t 86 AT 56601 M 3 K E b

v
. Isopropanol

light
(' CH;0H
o Den-NH,* NADPH )
(Uzp,chpp LS rcpr 5 X @ HCHO
H,0 Teep: Den-NH, NADP*

Hcoon

o,

Den-TCPP-TOCNF

[2m7e#|

| 766 42t | 6353t o Hak

NADPH/eazymes-loaded Den-TCPP-TOCNF
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[ AS3BARH MERENEMAEMAR o]
© M BRENELS AR BILHERZRH 0 BILEZE W T

bR~ &BRER > NERETFEAGEEHZIHREBM - Hid i

FAETH M FHRILA A » 37T R FEARCOBEA LA R B 37 38 Sk At

A Bt B AR LR SRR X

Waste Flue G: Reacted Water
a ::wuc as \vbomled (Neutralized) O Product (indirect carbonation)
e > @ Product (direct carbonation)
z
Slacked lime Limestone (]
CalOK), a0, a
Carbonation 1 g
Cycle H 5
!
f" Green o
Water added /i Heated  comentitious g
7N Materials O
s a: o
Quicklime " co
Industrial Wastewater €0 m‘ ~
it g
T Silcate pe
Alkaline Solid Wastes oxide
+
50000

3000 15000 25000
Particle Size Distribution (um)

{Ca-rich) ILS 160

@
-

(FHRER: Panetal,2017)/

2B TEA |
6% KA F

4.6 ZFERA L%kl

RRMAK 3%
KREAAXK 12%
B AEAX 9%
WK 5%
WIPX 28%
HRAXK 21%

~——

A (81 4TSRIKHEG

S If 045

()45 5 B Rt B PR S) LI ARty A TR ) & |
FegsE BB 47 (104F) | » Bhs LS f
1) #-2.6~10kgCO2e ;

() pmBEARAT M "HBEEH LT (34)
o ERHREE R 720.9~1kgCO2e

(3)6 % BB M mA ML W | HREBER
BRA% o 0 B L EREUE A AE N £38gC02e -
AR KEIEAFTRAAKLEHRG2E  BA
FRARBEREZASRUL » BIERES
KA EWEBEFUPTHEITEHEKE -

A [l 3 FEEFIUKFA Kz e

J

http://www.weis.org.tw/Upload/QUARTC/000166/26-10. pdf

@
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RESEARCH & INNOVATION

T
G | s ST ST ST S ST

m Europe's Airbus wins award for green manufacturing

4 Rt Airbus e b 2 A 1970F4K 84 + 5 2 — 69 5 R 3T

a5 FRMRG RG> LT @R L0%
http://ec.europa.eu/research/transport/news/items/europe_s_airbus
_wins_award_for_green_manufacturing_en.htm

&k &%

W B 201458 AR B AAmlS %A H R R
i

BAZ A 045 A AL B A H 2 h 8 4 50-90 %49 B b s
HE

http://www.manufacturing.net/news/2014/12/boeing-cond ucts-
worlds-first-flight-with-green-diesel

@™ y

' . & [ o.® R e iien | 28712 %

4.8 ;Fg./ﬂ\ﬁ"f‘& ’fbﬁﬁﬁ' | 7.0 4 gt | 6aat s ¥
Case study: Elevance Renewable Sciences, Inc.

FI A AEICA A A AL £ S E & e 5850

® Elevancetf Al S M AEBALBI AT R R Kol s - B8 K EM AL AT B HEL
BALS R o BRVEBRHALBTAEIRERD T50% - ETERAESER R e4F
FRAICZE S » w HREAKFEL > TREZFHFEAR > BEFEKERRA °

® AR — LR R - TE R A R BB R RIS FENE
SR e9iE$ b | Elevance/t AR 5 AR R YU MBS TRERE »F > T A4

ZRLEHREK-

Mono-functional esters/acids are typical of Mono-functional olefins are typical of EIeVO n Cg
oleochemicals petrochemicals REMSWABLE SCiENCES

Elevance# 7 F 44 7 Wike (44!
RGN B AL E ) Fo B o AEES Bk
(sl gy Bs AL ) f£— A%

e Di-functional molecules as shown above will be % ‘P Q‘J I/J ﬁi'éﬁ 'Ti 2
produced by our biorefinery j

268



/ Py ﬁ;}ﬁﬂ.{&{b:}iﬁﬁ‘ | o= R Ferfiiem | 2 Fos %

| 766 2 gt | 6353 o Hak
Case study: Elevance Renewable Sciences,Inc.

&
Elevance
o
P S 2N
2 3
. ) u\/\/\/w
Biorefinery >
Gresik, Indonesia Z

Capacity: 180,000 MT

Modified Triglyceride (mTAG)
o

Moo IASAAA

Unsaturated C10 Methyl Ester

2 S,
MeoTIAAARN
Unsaturated C12 Methyl Ester

‘
Elevance Proprietary Olefin NN
Metathesis Process

B~ #EKECRAM BT R RE
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(5.1 55 JB & 6462 B Sk 3

A HHEE AR
© EGPRBEAEZURE
e HH SRR ESH
‘“ﬁ‘ o EEAREERA E R A

R 3% Py T
c By ¥gz 4B

o RS EACTE T IREAE S A
© RBRAREARRTERKZ R

AEMHBAES -« BRGBMERELHP NN
o MESMMEAE S
BRI KEMHERE

s B4 RITERE
o BEAIMGEA A

BEEERERKX g&ﬁ_#l}fﬂ&iﬂ,ﬁi)

© EOBEWRRLER
o g RS B b

© WRORRA (ARAE - BEWARE - ARAL - ARMAR

G

(5.2 5 B 4 B4 3 - K ] 4

EsT A Hafn L&A S5 R 48 B HE B EEH
ﬁn%%ﬁﬁ%m%?c'W%$EQZ§§%z$
CETREDD | B AR AR EPBEATEN  RRE | ve m 2 4 o .
T T T PP TR EY e s el
A (10)°T i 4 = 3% 3t
(1) ik fiE E 40
e e e o e | BRI B RRAK
Crappy |DEMUBTAABT IREL S erembnnl | .p
FR O BBRECBRREGTELR | e e 5% ¥R
é&@'&‘fiﬁ ’}%l&-ﬁ»f’“ﬁ R (6)uX ufﬂbh\)fi‘g'
7 (7)4% A 7 4 B
(8)isk b #7 £ 40
(1) B ik iz E 49
o BORE A i (B)x b eh H FALBRA R
ACRFEEF (FAAMBERT FRETHHE | ER2NLER i@
Z AT B Fik o EHELSRESE | BRI FTEY °
(Simvastatin) (12) X . 2yt s ik
EMEAE
B 5L ES (isocyanate )T 4k & B 4R
' # 85 (polyurethane) B #+ 5 £ A &34 | B)E Y 89 A FILEE K
;ggiﬁi 168 R A R ALBSS © Stamine | (ST R R MRER | o o
Qﬂ:é,z,a% RBE AR % B &KR K G |CEREYERMABHE N A
(polyhydroxy urethane) » 4 2 3% & &5 | (8)ik b #7 &£ 40
RSB
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(1) By ok B F 4

(B #9 % FALFE R
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(5) £ % 2 this B 1) &
(6)3% 3t fie TRk &
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(531 BRANTEGEILEHZEBA L R

e LR PCBEL
* Cut Eﬂ *SI»

1. Prevent Waste

2. Atom Economy * Etching %I i
3. Less Hazardous Synthesis + Electroless Ni/Aufl 2 &
4. Design Benign Chemicals . PTH L2 YT4R

5. Benign Solvents & Auxiliari
6. Design for Energy Efficienc
7. Use of Renewable Feedstocks
8. Reduce Derivatives
9. Catalysis (vs. Stoichiometric)
10. Design for Degradation
11. Real-Time Analysis for Pollution

° Plating Ni/Au's 55
* silk-screen printing

* Water Based Ink

Automation Control

¢ Environmental agents

Prevention Acid and alkali reuse
12. Inherently Benign Chemistry R C——
for Accident Prevention oo e .
. dangerous chemicals.
(531 BBANTRGEA LR EBEE K
o EPRIERIRAE:

—— == Waste Flow /
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(532 BUANTHEGEILEHZEBA L R

* BiL¥E:
; i i Mixed
Raw materials | Natural gas '"":':l'l"“‘ Naphtha bu'l:;‘c
‘V' ‘V' V/ \/
(2) Utilities Icustrial v Ot (1) Chemicals
and 835 5 ? H, Supply Chain
Infrastructures | Rare gas : » He. Ne. Ar. Kr.
Xe
Cogencratio S C » . ]
nofHeat | Steam P 3) Public services
and Power  [< 3 Cooling water e
; > Steam
Incinerator |, .
< 1 Hazardous Wastes
’ Industrial b v
Effluen water plant > Water & (4) L()gi.\'li('.\'
Ecological
wetland Wastewater
treatme: - ste Wate
Effluent plant ) 3 Waste Water = "
8 e . 5) Safety an
Spent C ¥ Oil, acid, alkali . ) : /el
chemicals |« — . < . environmental
recovery | Oil, acid, alkali waste p .
M managemen
Green shelter [ , Noise, buffering zone
forest between plants

(JeremyH.Yune, etal. 2016) /

(533 BUANTHEGEILEHZERA L R

RAK C

NI TN

FERAEF

RAKA S

A B R
xiEmE || e/ z..@mﬂtﬂ X RS

/élxlnl ﬁ%& gﬂﬂ
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(533 BLANKBSEL R EBEE
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~
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v
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e miematies | L BRMRSUTEEM | e SoRB2EE |
Do BORMUBY  le—n - RIRFTHEABE sl o HKLAEN |
L Mersay . BRREHEES ¢ AMERAR |
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LM mEs | L BREERAFAR | |+ RAZERES |
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Clhadodie 0 WAt aRa Sy g iR
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%5 PUR B (Plan)

o SR A EORMAR A2 B AR

o B BN A KK EE R Z WS
o BRIT A K AR EE LT B

o R b WORAE IR AL R B A 52
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o A EBAFM AN S AART #E) SErie e nia
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o AP RATBMRLTF AL
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Thank vou for your attention !!!

Questions and Comments ??

N
&
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Contact Information: hsiehcc@yuntech.edu.tw
pcchiang@ntu.edu.tw
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Contribution to global
Warming: Phipps, NPPC,
hittp:/www.snre.umich.edi/nppe.
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Climate Change 1995, Intergovernmental Panel on Climate Change, WMO and UNEP,
Cambridge University Press, 1996.
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David $honnard, Michigan Technological University

- Chemical & Alied Processing
Thousand Short Tons Per Year VOCs = Petroleum & Relnted indostifes.
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National Air QualityandEmizsiorz Trenck Repart, 1997, U.S. EPA Officeof Air Quality Plaring and Stavdevds, hisp-/Annr. epa.gov/oaragomd®7/chapter2 paf
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o FiEabH gz 0 H&E 1.7 EEK (Willams et al.,
Environ. Sci. Technol. 2002).
o BT > 1 N &S 100 7 EE 7K (Sheldon, Chem. Ind.,
1992).
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eI RRA=

' 7t %% JE (The Lotus Effect)
* W, Barthlott, C. Neinhuis, Purity of the

sacred lotus, or escape from contamination
in biological surfaces, Planta (1997) 202: 1

Fig. 8ab. Diagram summarizing the
connection between roughening and
self-cleaning. While on smooth surfac-
e the particles are mainly redistributed
by water (a), they adhere 1o the
droplets surfaces on rough surfaces
and are removed from the leaves when
the droplets roll off (b)

Fig 5. Contaminating particle on a regularly sculptured wing surface
of Cicada ornt, deronstrating the decreased contact area betwesn a
particle and a rough surface. Bar=1 pm

Fig 6. Mercury droplet on the papillose adaxial epidermal surface of
Colocasia  esculenta demonstrating the effect of roughnes on
wettability. Due to the decreased contact area between liquid and
surface, air is enclosed between the droplet and the leaf, resulting in a
particularly strong water-repellent surface. Bars=20 pm

Fig 7. Mercury droplet on the adaxial leaf surface of Colocasa
esculenta, demonstrating the Lotus-Effect. Contaminating particles
adhere to the surface of the droplet and are removed from the leaf
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Head group

when the droplet rolls off. Bar=50 ym

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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o PerryL.McCartyetal., “4£ 5 KRBEAEREEEZE-TEERE 77,
@ Environmental Science & Engineering, 2011.
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3. k& EALRBEHT > RIKEEAXBRFRAN

© RIGEAFXIRE  EFAPRINTBE > BEHLCELY T GRERRFL
DA th & E 2 AP FHE S0

© TREEMCEEAMARAE  MMEXISKEERBARFTE S 2% 810
PEBRRHEA &6 HMISI MR E ¥ HHaHR T
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Thank you for your attention !!!

Questions and Comments ??
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Contact Information: chiahunghou@ntu.edu.tw
pcchiang@ntu.edu.tw
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=. B %75 # & & b2 3 R (Pollution and Accident Prevention)
=. 1R A B4R 2 H R (Safety and Security Assurance)

w. K& FE R A B RZ I R (Energy and Resource Sustainability )
5. K& % 616248 %74 32 F 5 (Priority Governance Direction)
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Sustainability

s BiBEY
c RIUTAEYS

VS - oL (oF o8
I EIMEA

f B
* BOHAFRREA| wima
Bp BF 447 75 e By b

- BHERKE
R LEYY D
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f1-2 B BGKEARERANZTE

Bt 63

M5 %75 # & & 4} (Pollution and Accident Prevention)

|1obmes || 8 kpiratm || 10 TRAZR || 202220t EESEL |

2003, 31 % AL 5 ) ) B
190,46 % & & P AL K 012 # (Germany) HEE
R4 A B & RIS

%3 (USA)B=

2005, £ A 4% &5 ko i
el R (Korea) (@)

2010, #f#HiE 2B HHE
AL (Korea) (@]

8 #8148 (Korea) (@)

2010, # & 45 164t 4 A& 91t

BRI (UK) S

2011, 3 & H A A Ao

2012, H#HFHEL P

@

1972, B A T ¥ HH B &R
% ik {iapan) @ a e [ | 234" (Kores) 103
v 7 y
1980 1990 2000 2005 2010 2015 2020
e i

1995, ¥ $ A R HFoH B 2013, 5% s & B £ 4% || 2015, £ £20205F6k
R KB ER) 5 & (Canada) &[] R 23,13
E=%+—4 A4 - [ (German) mmm
Bl 0 TRt A - 2013, k& A AT HFR
EEHRRE - BakX ## o (Germany) HEN 2015, A FAFHAR
H3k R R R #H(UK) SP=
#7553 (China) [l

2015, 1L & SLAF AR
(k) Si=

%

(12 5 A%EILSRAZTH

B 638

1% B 22 2 B 4% 4 (Safety and Security Assurance)

~

| b hEuson | smstpuranss ||5pesasmann || 1006505860 |

(Korea)

2010, % & % #1t
HACE RS

2016, %3 FHA SR
%45 (Usa) B=

tat
‘.0

2016, 5 4 & B LS
Bt $47¥(UK) 52

2006, fw A REACH

2010, {53 R RBLDkL

2016, R X F EMHAAEHH

N

(Germany) HE % (Canada) ] By 345k (Sweden) B
1976, % 4 HiEH 2008, B FIL S ¥ 5% 2012, 3 WAL B 2016, 1L 5 4 R H
EE (USA) = A # R (Korea) :.: % (Sweden) B Em (Canada) %]
v =S BT v N
1980 1990 2000 2005 2010 2015 202?/'
T t ¢ s T

1973, HAALH || 19901, 3 v % HALS 2003, ERTH 2011, & A Z# v 2015, 3% T R HE S

HH BT || @i@es s (Korea) (@ K= 8 THhfom FHEARRAE | | BEFFR (UsA) B=

(Japan) @ ST K ZE (Japan) @
1995, $# AR A B BRE || # (canada) ¥l 2015, A4 4 FILS 5
B REREBEE) % 2010, ML F L ¥ 2 A SRR L
St HEHPREHS THRCELBRMF % % #(Germany) N
REIRABE - TATRI B 7k (Germany)
BRI A L SRR - 2015, 3248 B Z 2
bR s ER) RO 7T R AT 2008, & AL 4 $F RER (usA) B
FALR KRR - # % (Germany) I —

e RAFKEA PR EAE 2016, & & M F A MILE S
K(China) I St R A (UK) SIE

i
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K 4k #5 R B & /& (Energy and Resource Sustainability )

|28 78 || eostiemact || 7.0 M B LR | | B REWBILH |

2007, 4 B F & A o T HE R
ket B R A BAL SRS
# AR - PR ES R GAE
4t (china)
2008, GreenchemiZ {24 M £ AT /4
HRAPFAISD MALSTE PH 2012, £ AR - R ML EH
1 4 4 A AL A3 8] (Sweden) B P8 B B AL AT (UK) S
1980 1990 2000 2005 2010 2015 202(>
T
1979, H A4 &K 1995,  $ A K Ao B B2 2009, 3@ B FH B | | 2011, % £ 2050 43k i 485 45 fo2
ik (Japan) @ T SR AE) B fRRAHTE || FERE T (Germany) M
FH4 0 BEREN FafoqE o 2k 4y 2
ABSE ~ AR ST (sweden) B2
FAH WA & (China)
2009, 2 EHFHH
HEPAEH
(Germany) N

£ h
& :/I

-
13 L2ERE TN EMEY

World Chemical Industry Output Projection (OECD)

6,000.000

India, Middle East and Afrika
O Latin America
5.000.000 m East Asia

o China }\\\\\%
|

8 Japan, Korea and Australia

-~
§ 4.000.000 { @Central and Eastem Europe
ﬁ = Western Europe
2 @ North America NN
$ 3.000,000 =
£ Senes NN\
]
=)
§
= 2,000,000 -
H

1.000.000 -

0

2005 2010 2015 2020
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Basic Data
Collection

Risk
Assessment

Risk Management/
Communication

o et | | Mg |
h

1A R EEREER A

Ik % B ) Fo 3745 3 3]

Bk 2 REACH

BRAR ¥k
HFRMb 2R 2w
B2 R EE

B IR £ Su e 23t )

RN R PR Sk
ES

& SRR
A B T KR e
5B & B2 R T P

A a7 &
@

B4 BRI
s BERHFITas
c BREFas

& 3R PE 3,

4n 8k

BAOREHEELE &
BIRE BHET
LRI 3B o
HAFEALR®
LARBEALEA®
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1.5 4k &1L 2 & 15-2020F F8 %

($ Billions)

@

$120

$100

$80

$60

$40

$20

s — im
2011 2012 2013

= North America

=]
2014 2015

N
=]
=
N

2016

Latin America

Eastern And Central Europe  ® Africa and Middle East

N
o
-
(-]

2019 2020

= Western Europe
m Asia Pacific

Global green Chemicals Market by region: 2011-2020

#

1.6 1t &&#8 8 %] & (Chemical Leasing)

o {4 H$) E (chemical leasing) » b E X —HABRB AT OO EHEK - T
AP A A EAE YIRS TE > bR R Ee ARG EE -
s %l HRHLETHNMHEEME SRR EEVICELAF - EBLESME
FE - ARAKXHEACERUAEGTOAE > FHdl At EERTRNE LILRE

L8 > RGO RIS 0 R G 5 R R A A
R -

Supplier

T

wants to
increase

Traditional relationship
Conflicting incentives

Chemical
Consumption

Buyer

|

wants to
decrease

Service
provider

1

wants to
decrease

Chemical Leasing model
Aligned incentives

Chemical
Consumption

Buyer

1

wants to
decrease

@

7 # 4% | UNIDO, 2016/
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[ 16-1 LB ETHERRRRE

@

164 sufa B 70211 24 -
wRGAHIZ R ¥ HE Rk
i ERST MU S S B B ) eyt
R IAE E 4 E AR N o
2004 4 %t 5 B £ B 36 4] AT B
B FAb T A XX ARSI B
E TERiZ N

T REF TR BEORE
B AL F) 3Ty e AL S A
B E2RALH T G AT o

FIRST PROJECTS

REGIONAL UP-SCALING

GOING GLOBAL

# # 4% : UNIDO, 2016/

" 1.6-2 LB A E 2 S

2B FHEZIAGHERELL AL
RARBRRE - RIMEF SRR ERGHEA
AEBFARLRUGRANTTF
WE - RECESTERLFE -
CELMARAGHERFARF G F
TERFRE @G HILEIE - REFRTH
B R ERERXSKEBERBEBR -

-

Environmental Social Economic
benefits benefits benefits
Reduction -
of resource Reduted risks In Reduced costs

consumption

chemical handling

Reduced emissions

Better qualification
of workers due to

Improved

and waste £ competitiveness
training ‘

Reduced energy Reduced health Better business

demand hazards partnerships

# # 4% : UNIDO, 2016/
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(163 LB R EEHEREREE A

© AR S EFEAL LB EBR ATk AR EHRES  GRAFETE ad
HIEESHETREAEAEGRIPANL E -
s CEAFTAPBNAEIWRRLASL > ERACHEBHZIROTARRI A RERKE -

Exchange of expertise and

optimization of processes
Circular Economy
/b ﬁ !* . ﬁ

Less chemicals used More added value

Less negative effects to the More benefits

environment, health and

More qualit
safety 9 Y

More shared
Less risk responsibility

More incentives for
recycling chemicals

@ % # %38 1 UNIDO, 2016/
4 R

1.6-4 1t 2 548§ %] & #REACH & SAICM

* SAIKM 5 A B2 HKMEMCSE L EER# L2 L2 BREHENBART S
SAICME R & * B ARE M BRFR LS THLELHEEAFEE - &
AR BRA R AR A B E &M -

© Sbob o AbSEShAE B HI R R4S REACHH) 48 B A #F -

c LSS EREACHE EMEH LSt R X Ma R AETE ~ WS
BT ARG -

c RS AEAREACHE SRR S 004478 % W oy
BoBHfTFHEAL -

* {LELMEMREACHE ZRE LY FTHIACLELGERAALARKE
ZERIEE -

s bR A FHETEE TS NIET RFIEAKRY T PA - FLREACHH
bzt mER VLR L Z M/ ZEA -

SAICM: strategic approach to international Chemicals management g -
@ gle app g 7 # 4% | UNIDO, 2016/

REACH: Registration, Evaluation and Authorization of Chemicals System
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* B5ak B E (1)

© RV ATAEM(8)

* T AR Z 2% 31 (10)

o UF RN E A (12)

&8 Y
(I BAREEILERE KR o

*  #5g K % (University of York) 3 31 & &6 £ AB K F &

c BAZOLATE  RUARBAZIAERBERAG TR LA G EALE B MR

s THAE%EEHFAT ST - WEMERA XS BLERE BB - 2ERRE
WRZGEAEHT > BIFTE -

NORSC MUSC

Combining the expertise of the
leading Northern England Universities
to provide sustainable chemistry

solutions to industry

IS

The Chemical Industries Association
and the Green Chemistry Centre
working together to create new
green and sustainable supply chains

for chemical products

Promoting awareness and
Jacilitating, education,
mraining and practice

Anglo-French

collaboration

Green
— Chemistry | | chemicals from biomass
Centre of Excelience using green chemistry

of green chemisiy —
worldwide
i Green Chemistry and the ISUSTOIL
Consumer The internationall
'/ "
Green chemistry solutions Nenwor) kf‘”
Sfor . biternatives to
perroleum

the retailer and producer

and white biotechnology

Green Chemistry networks
worldwide

USA,
Korea, Brazil .. .....

Greece, Portugal, Cyprus, Japan,
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(A ARG BILERE A Centre

CRILHE T o AT AR .
HERRBAEERARARE OO
TER o Ak EA
j’ ’ %ﬁq%&?ﬁ%ﬁﬁiié‘jg¥ bevinaded | by
BRBE - x -‘E';z

0

nnnnn

University
Level

KV (Green Centre Canada ., 2017) /
(23t nSERASEIE &Y o

O F8 K454 616447 1T A: ZDHC tools, STANDARD 100 by OEKO-TEX ©,

DETOX TO ZERO by OEKO-TEX ®, GM SUB tool

CITEVE - main areas of activity

Laboratorial Testing

Product & Process Certification
Technology & Engineering
Sustainable Production

Design & Fashion Intelligence
Training & Coaching

R&D + Innovation
Standardisation

Clusterisation and intercluster cross-fertilisation
Industry 4.0 & Shop of the Future
International consultancy

K (European Union, 2017) /

X, w20 2 & %> B

&
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°© #1990%7 & R 4% i & &, 48 % (Green Economy, GE)##% & -

c BABRN201248 24 HE FHR MK E S 2K KRB [UN2011]
» BB BBERRARBERENEENF

Ordinance on Hazardous Substances
Climate Protection Ordinance (2010)
protection of the climate against Protect people and the environment
changes caused by certain against substance-related damage
fluorinated greenhouse gases

Chemical acts:
Protection against
particular hazards

\
.. 2002 2003 =Enee= 2008 > 2009 ‘ 2012
- _ CLP Regulation I IC Regulation
EU Fertilisers Regulation (EC) ‘ _ __Plantprotection products
European Chemicals Regulation :
regulation

SAICM

QARG EILEHE R A

AT S b A F H] E (chemical leasing) » sl B & — LR A Tty B
¥Eﬁ'?%ﬁi§%§§§wwﬁ%%&’aﬁ&%&%Mi%ﬁﬂ
kg A

s A4t HERATHNMHEEEME FRAEZRVICRELA E - HiB1E
LoMEHE AP ENCELUAHEETOAE  BhEEAER
STRMFLICRHB LY > bR 0 A ZOBERMRALE LS > FIFH
1BAC S S H IR B R ARG B e R R

Traditional relationship Chemical leasing
(buyer and seller) (service agreement)
Supplier Buyer Service Buyer
provider
T Chemical l l Chemical l
consumption consumption
Wants to Wants to Wants to Wants to
increase decrease decrease decrease
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(2S5 ARG EEEE R R
CEAABAE ATRAE HOLERE - ARIEE -
REERLCY¥ZILLAEREZ2  BHILEZEEZRAHN
Hor B o

The Dutch Chemical Ecosystem

@

°
e
Green PAC

<)

BE-Basic Foundation

Port of Rotterdam

Institute for Sustainable
Process Technology (ISPT)

A

Dutch Polymer Institute (DPI)

»

0

Bioprocess Pilot Facility (BPF)

Biotech Campus Delft

Chemelot

P

Green Chemistry Campus

Plant One

(2.6 1A

SHEIREBY

WEREEE TR

O # RIS e Rih @ ~T A &4
FLE RVORIAZE A suiyiim o

12 Principles of green chemistry (GC)

12 Principles of green engineering (GE)

GC 1 Prevent waste and contamination

GC 2 Maximize atom economy

GC 3 Design less-hazardous chemical synthesis
GC 4 Design safer solvents and products

GC 5 Use safer solvents and reaction conditions
GC 6 Increase energy efficiency

GC 7 Use renewable feedstocks

GC 8 Avoid chemical derivatives

GC 9 Use catalysts, not stoichiometric reagents
GC 10 Design chemicals and products to degrade after use
GC 11 Analyze in real time to prevent pollution
GC 12 Minimize the potential for accidents

GE 1 Inherent rather than circumstant
GE 2 Prevention instead of treatment
GE 3 Design for separation

GE 4 Maximize efficiency

GE 5 Output pulled versus input pushed
GE 6 Conserve complexity

GE 7 Durability rather than immortality
GE 8 Meet need, minimize excess

GE 9 Minimize material diversity

GE 10 Integrate material and energy flows
GE 11 Design for commercial ‘afterlife’
GE 12 Renewable rather than depleting

@

RAék et isre T2 24312406 R R
—tEnt ERERERAZER &M T

Infrastructure sharing

Products

Gireen chemistry:
-PRODUCTIVELY

Green chemical
engincering
IMPROVEMENTS

Cleancr production
End of pipe treatment

Food web

Inter-firm cooperation
~Vertical integration
-Horizontal integration
~Industrial symbiosis

Energy infrastructure
~Combined heat and power
Clean/rencwable energy

Centralized wastewater
treatment plant
-Reclaimed water

Risk Prevention and
emergency response system

(QiaoHao, et al. 2017) /
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B0 e H 24 R(3)
HE PR A eIt R(4)
B 52404 75 ) $1 8) %] (5)
BP B 47 75 4 By 4 (11)

@

(3IBAR%EILEEE AR

e 3‘*5‘ § % ﬁ‘ + Q’J ﬁ‘”& * Assessing and Managing Chemicals under TSCA
B ELRERGES
* 3 %) zero discharge of

hazardous chemicals

(ZDHC) 1t £ & & #l %
- ZBHBILLWE OR <
i%%"‘b%%&%g%d oonl:t‘::i:il;\;lew

B (ko REME &
EM-FAL-£DE e (e
MM~ FM o BREMN)

@

£ BB E X IDHCHR &1 54
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(IIBAE&AILER A AR K

ZDHC#, 3¢ :

O ERACERESZEMETEHER » R TR ST RN RS H
R BRAL 2%, W Bk o

O Fd5 86 5 % BB Ao il A Mo 5T 40 B 8b 45 T W IR ASL S ) Pk

O 000 % B do {745 Jo B K ) 55 % 924 AT B 3 9027 =T MR 4] S 3R 4 TR 1

o

Chemical Management - Legislative and Regulatory Changes

International
Legislation
X (REACH, ISCA..-)‘

S
-as @ .

~ b

o/

Company

| 1
| Source: GIZ, 2014

@

(ZERO DISCHARGE OF HAZARDOUS CHEMICALS PROGRAMME., 201})/

K

AR KB4 eS8 R £ H

XAt > R R 2GRS K -

CHEMICAL SAFETY
QUICK FACTS
£ e

45%

ACC's Responsible Care
Program® Improves Safety:

g the safety of

The Chemical Sector Outperforms Other
Manufacturing Sectors:

According to the U.S. Bureau of Labor Statistics,
the chemical industry has an injury rate that is
45% lower than overall manufacturing. This is
largely due to the rigorous standards and work
practices in place to manage the integrity of
our facilities to reduce the risk to personnel.

Responsible Care companies

c ARSI FR(ACOBBFTEMMAE > BAKESEELS

through ACC's Responsible Care® program and our industry’s

have a worker safety rate that
is 5x better than th
manufacturin
whole, and
than the b
me companies
cordable injury
and illness rates by 79% since
1990

® 58%

Safety Incidents Have
Been Greatly Reduced:

ACC member companies
have reduced the
number of safety
incidents that result in
product spill, fire,
explosion or injury by
58% since 1995.

@ 79%

\

eC:-

our employees, cur contractors and the people who live

16 billion

Industry Commits Significant Resources Every
Year to Protect Workers and Communities:
Industry has and continues to make

considerable investments to design, build,
maintain and upgrade facilities to ensure safe
operations, The U.S. chemical industry invests
more than $16 billion annually in environmental,|
health, safety, and security programs.

@ 5 agencies

Chemical Safety is Subject to Comprehensive
Regulatory Oversight:

In addition to industry efforts, nearly a half
dozen federal agencies, including EPA, OSHA,
DHS, DOT and the CS5B, have the authority to
oversee the safety and security of chemical
facilities through a comprehensive array of

regulatory programs.

(American Chemistry Council, 2013) /
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surorE 2009

Restriction of Chemicals (REACH)3# 4% % 4

ERARE R BAR

Hazard Ann-um (HA)'

Information: available = requiredneeded
« collect all available information
« consider information needs
« identify information gaps
« generate new dawmpou testing

+

Document m registration
Dossler' and SOS

Exposure Assessment (EA)'~

* Assessmant aco. to
REACH Agpendix |

ondy tequied KPBT o

Risk cmilﬂﬂl (RCF

class fwd dangerow o

@

oposwebased
wawing (Appendic XD
Documert in
CSR' colmlllul?
fteration
Communlcate
ESV‘BQSDS substances < %0 ¥a no CSR is required. The required/nesded

mum ¥ 1o be documernted in the reQist Mon doetimr only

REACH:F &84 %

» #2007 5 # Registration, Evaluation, Authorization and

* BBUBRARGCENTIRRRAA LRICENE » REFR
Z2LEMENOFE  BESAER - BFABSETRAORR

~

(33EEB&ElLe Rt AL

* 201153 4T

"AAEREOMHEHBRIE
c BANMAERREOHRETEDHESEOELR > HH
bR B RARFHERBRBA B R FERSE -

amumu (approx. 28.000)
X thsa-aumnl’l) H
+ Publshed chenncals

23304 alfter rew chomucals evalsaton

Exemoted General Chemicals
Chemicals d (7-8,000 estimated)
(approx. More than 1 ton

1.500) I-lnhcluud/lwtd .

8

New Chemicals

)

-

i More than 1 ton ["“.:m*“ [“"’:.',_“"‘ HL“
|

|
P ot beodegradadle

Not toaccumutative

Notfication by
compomvs

E ahuabon by the Less than 10 lonsyear Confi
‘ ‘\ govemment ) Low Volume

=

Raview by the ’
& 200 ) Sufficiertly

Persistont low nsk
Bwaccumulative concem

£ ] cosen

apel of sk concem by screenng

Pre-marketing Evaluation

Monitoring Chemicals
(vPvB, T is unknown)

Direction of kong.

Long term toxicity to
human of highet trophic

Class | Specified Chemicals

v
2 predotors

Priority Assessment Chemicals

Step-wise nisk assessment

Slep- o n o
Qoﬂnﬂ of long-term toncity nvestigation

Risk 10 Humans of eco-system

Class Il Specified Chemicals

B ARG Y 2L HIEFEIRE 8 BE
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(ARBSEILERE b N
« 19914 #| & & %1t 2 &% % 32 7 (Toxic Chemicals Control Act, TCCA)
HHITECRRETE2DEE S c BHEIFAHAXZERE > B
FEEFARFERARBEZEZEFNENHLER L2 REEW
CEFESH@ILERPRPFHERE -

Category of Chemicals Regulated under Korea TCCA

" Is it a chemical? ’_17’ Classified as existing chemicals and
i; N controlled by corresponding law.
83 Ve
§- Is it regulated under TCCA? = ‘Whether annual import quantity exceed
L H 100 kg not for a purpose of R&D?
— Yo Yes
2 Is it a toxic chemical? J Notice of Import (KCMA), business
z : S
of =
s Is it an observation chemical? - Whether annual import quantity exceed
g E — 100 kg not for a purpose of R&D?
! Neo ’ Yo
E Is it a restricted or banned chemical? ‘Notice of kinds, expected quantity of
prY Yeu
( Is it a new chemical? ) Lol Whether annual import quantity exceed
z 100 kg not for a purpose of R&D?
aAS Yeu Yo
z
;5 Is it exempt from notification? Permit for import or storage or use, approval
g2 for export (regional MOE)
z ; = No, — Yes
3 [t s IR ] \~——| Centificate for Excption(KCMA)

&a *By courtesy of Nam and Nam International /

(IS ARG ERE YR

c HHARLCLEZETIBES  RBEZERARSG > 44
Ao RE - RAAREHFRE -

& Rl

fe B & H SR PR * BERGERIER

& BT faba it dh

; o & T
faptetd |- & S R L
& PG BRI SRS TR

& AR AR L b

y A A A

fEB AL G FERRAL & fEPR AL dh fEBAL A & fEb AL ah fEB AL &
B K17 8] 2% i pect 7}

- y
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(IS EB&ELERE: VH N
SR LREERA(LAARTERE): £ 02 R - N MM
R~ KRR ~ B EH  BRAIRERE AR EANERFE
HELAY - TARKERELSBLEINRAGER -
Raw materials| Natral gas [ [ ™80 | | Nopnuna || Mixed

salt butane

)

™~

[nl

| S T I | R

(2) Utilities Industrial Mottt (1) Chemicals
land 825 A H; Supply Chain
Infrastructures He, Ne, Ar, Kr.
Xe
Cogenerati Sta i <
aofHest SUeau 2 (3) Public services
and Power Cooling water
> Steam

Incinerator |,

3 Hazardous Wastes I

Industrial T L.
water plant_[€ Y Water ¢=+ (4) Logistics

Ecological
wetland

Wastewater |
3 Waste Water

EfMuent plant <

Spent C > Oil, acid, alkali
chéinicals
recovery

(5) Safety and

environmental
management

@ | Green shelter ‘: - Noise, buffering zone
\ forest between plants (Jeremy H. Yune, et al. 2016) /

3 Oil, acid, alkali waste

W~ KEREBREBRER
o B4 (2)

AR E(6)
AR R AL ROR(T)
o EIERIFHBACEN9)
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(ARG AL ERE B

c BATIRBEREIBAMERAGILAKRER — -

* 3% 3L BUR20304F 49 B AR A& A AR LML AR 6 2 4 o

s AABRTHRILERS»H KRBREOIHRARAGR > EAE
i o B A MROR

/

(fatty acid methyl \\)
SN ester) >

@ Biomass Conversion process Biofuels for transport /

ARG KR
C REATRE - RER sy S

B AT $7 37 (DEFRA) " incusiey

BB E SRR ﬁ\ &
¥ ABE N

% *'J Fﬁ % ;}'i 4 jﬁ-% Photosynthesis Fuels, Che':::’lfs' and
CO; release } chemicals and materials
B & B RS =

FALH A 0 T & %

AN ERES

#¥2301& 4% -
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CA3E K AILERE  BR R

o 5B EUR IS ER B A & 69 20504K 88 £ A R B v 240 RE IR F 3] o 45014t

ST R PIR R AR + I TR BAB S AC T 82 S T R A AL X
RIHERSEFE > BI4ELETRER -

Low-carbon strategy for 2050

Targets compared to 1990 levels

B KB ECEFEREEN G

(Priority Governance Direction)
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FHACE W H TRk~ BEWHEL ~ MBS0 T RBRA ST B5kmik -

F A S W EAE SRR E

FREIMC A AR ~ KT RBEE ~ RIREEK - BARRERAS - BERMA

FREHEE

ERFCAITFEXA 2 RELERLE > 2RATFHEREATH

AREFREZER

HBTHRAGRAARBACAH HAREBER  BHCKELCERNGREZ - A X AW

A STFHARRELELEFE > BT HRFNELE

TR A A g IR AR A

ERERFHCEDTAREENE
AL RAN B BRI - 7|8 KHH

ARME RRBILEREE -

C AR FHACEME 2B REHE

> AL E

2EEHGELFRABBERETRR LRG> ML ERERAGELE
HRTHEELRANNFEHT R AR

HRTIE A &k EACE R A ST R A 88 L 3RT K6 3

@

" 5.2 B P A3 L S 4 610 BB

BARE -

B BRT R MRS
ERGEAHRFTRESIAINRIES
REGEARNBAEFEEIBHE EEAHY

(1) L EE 4
(3)ex b v A FALE A&
(8)ik b 47 & 40

BRBEFEHEZRE - 8 - HEREYR

ERVEFEREZEN
Z R AREARE

Bl & 75 % R By

% Byt 5 F Ry ]
KEEEZER
FERERAKEH

AARTARELAGREFTZREE

BEF LS
R R RS
—RBEFENERZ AR

BRBERERBTREIL T2

(12)Bp 85 5 47 75 F By ik

(1)F7 ik Bz 40
(6)3% 3t iR F

(7)1 A & £ B4t
(8)ik 2b £7 4 40
(1)f5 1k & & 4

(B) bt E FILLE R
(7)1 A & & Bt
(8)& b 47 & 4

(1)F7 ik Bz 40

FEREDRAREREDARREIEREEE IRV MATILELKR

#HRERFARRBE
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Thank you for your attention !!!

Questions and Comments ??
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Contact Information: yipinlin@ntu.edu.tw
pcchiang@ntu.edu.tw
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