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OUTLINE OF A CIRCULAR ECONOMY
PRINCIPLE

Praserve an d enhance Renewables @ . Finite materials

natural capital by controliing
finive stocks and balancing
renewable resource fHlows Regenerate Substitute materials Virtualise Restore

ReSOLVE levers: regenerate,

virtualise, exchange Renewables flow managemeant Stock managernent

o

Parts manufacturer

Biochemical l ‘
feedstock Product manufacturer

Voo

Service provider

PRINCIPLE

2 Regeneration

Optimise resource ylolds

by circulating products,
componants and materials

In use at the highest utility

at all times in both technical

and biological cycles

ReSOLVE levers: regenerate,

share, optimise, loop Biogas
Collection
Extraction of
biochemical
feedstock?
PRINCIPLE

Minimise systematic

Foster system effectiveness leakage and negative
by revealing and designing externalities

out negative externafities

All R2SOLVE levers

& Hunting and fishing
2 L

Sevre Fesindation, SUA, Cortar for

Bush h
Crace to Cradie (G20}

Ellen MacArthur FoundationZ &2 BIERSEETR o (ZEHRIZHJE | Ellen MacArthur Foundation,
SUN, and McKinsey Center for Business and Environment; Drawing from Braungart & McDonough,

Ceadle to Cradle (C2C))
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RENE TR o B AMAIDIFE R BORE R R - SR ALERARSTE A R (IR
B~ RGO EE RS - BEEREEZEE B - BRI EIREA
"R 0 FTEMIT (Made in Taiwan ) ZEERAEZE » HAEREIERERE FEIERAZ
EIRIEE - [FIFEEA B 2 BIIRERN S - T BI R BRI EhE -

bR T IEEREG S - FRBDRERMSEZ LS R EREGRE R HA N - BEEE
T CRHMR) -~ KMk - BEEREaEE - BETTH - EHERT - FE L BESESEAFEY)
BHRE - B EMAHZ ZRZEEF ; #KIEEllen MacArthur Foundation 5% - AEVIEEM 216
R ERIE A Y (LE S, (Biochemicals ) ZEHY » B BEVE (Bioenergy ) 42 K AE
R LIEMEBIER T AW bl Sl FIsE R Al B A S - AR WA b B2 B 2 U il I A
o Rl - P S AR R E T AR E R EA M A EREVR (Bioenergy ) A2 - FABLFIFRFREVH
G EZEMEEEY) - FMEMSEER R (FIami e ) s B B - DIEF# |
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@[ heme 2: Waste Valorization Tech. Theme 4: Net-Zero Tech.

Catalysts ﬂpngng:\.  Soil Nr Emissions |
Biogas/Syngas H * BECCU i

Biochar CcO:

: » Carbon Sink !

‘Adsorbents / H « Mineralization i
Amendments Biosolids . | Carbonates i
Digestate i Pure :

-------------------------------- Methane (Chemicals)

|
nl
W
H
[l

|

(Micro-)plastics
* Irrigation Water "

* Reservoir / Lake
* Ecosystem Services
1 Water-Soil Intert, R
1 (heavy metals)

BEFHTEESZT (Green Technology Lab ) FZ&RS
FRELHR - R E TR Zen - B AR DA YL A ZE TR FE 2 B (XY
W) - FEREYIEMAEERFEAES - DOREERNEH EFEPN 5 - HFER
AIFFERZEFZENATH - TEFRMEREEL 2 HREHE EHIN6E -
RIENR T 2 P[] ATEERRBH 2 i3 © BB B EIEZ&1F » MELE M
B B LT IMITRGEIFREEE - IE R TAEI TREERNSS REHE - DT
ST BRI Ry - REHERE TS
: «  JEF/55TRE (Atomic / Molecular Scale) - Ryl fEGRFAM BIELET &L ~ MMHEER
7L AR - RSB - IR EEREYE 2R EEM R - DI
) R SRR BRI -
«  TEFFEHd (Process Evaluation) - %75l fE5RERTE 7 3% B IR I G A (R REREAGE 8
FTER » MRE AN M ANAE L2 EEIR B - ERmEAJI2HEe 2% - F &k
REERAFT] - B AlRECAIIE - (BREIFSERE -
«  RitB{t (System Optimization) - FfjlFESRFH LR AR R E(LEr . TR ~ 3=
SR  REVRE RS AR R LR SRR RMES - AanE IR R
TR -
- Lf2FEM (Engineering Deployment) - FfpfEm TIZREN B & - MR
o HAE - HEABRE - Bl -
i T RE R TA2 e EAE - ik b2 1275 H] (Twelve Principles of
Green Chemistry ) JNVE = BRI - B0 T8 M (Atom Economy) ~ BEIRZRELET
( Design for Energy Efficiency ) ~ i FHAJFF4: 5B (Use of Renewable Feedstocks ) 5 ff
1t (Catalysis) % o FyfRHLEBEH - ABEEBOL#H BRI E B Z (Green Technology
Lab) - HilE Ry B3 BEK K R EREREM S B LB - R A S B il e 2 (R
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PRI R R aTH KR - TR SRS ol 2 DB BT - TR A ARE SR o OF
HERE L REREI R RS )

IRCHE

[1] National Academies of Sciences, Engineering, and Medicine, 2022. “New Directions for Chemical “
Engineering” . ‘
[2] A Rani, SW Snyder, H Kim, Z Lei, SY Pan*, 2022. “Pathways to a net-zero-carbon water sector through |
energy-extracting wastewater technologies” , npj Clean Water 5 (1), 49. |
[3] SY Pan*, KH He, KT Lin, C Fan, CT Chang, 2022. “Addressing nitrogenous gases from croplands toward |
low-emission agriculture” , npj Climate and Atmospheric Science 5 (1), 43
[4] CY Chen, SW Wang, H Kim, SY Pan*, C Fan, YJ Lin, 2021.  “Non-conventional water reuse in agriculture:
A circular water economy” , Water Research 199, 117193, ‘
[5] SY Pan*, AZ Haddad, A Kumar, SW Wang, 2020. “Brackish water desalination using reverse osmosis ‘
and capacitive deionization at the water-energy nexus’ , Water research 183, 116064.
[6] Z Zhang, SY Pan, H Li, J Cai, AG Olabi*, EJ Anthony*, V Manovic, 2020. “Recent advances in carbon

dioxide utilization” , Renewable and sustainable energy reviews 125, 109799 |

AT IVER

EAREIELT BASAEMRERMGLESRENIEHR - B EEA

REABREREETIELRMES - MEESBESHEREER  BEK

TREBRERMRME - S85RE 90 & SC #FIZw X (Google Scholar

5| A7 81581 6,000 > h 581 42) - ZHEEE ACS Sustainable Chemistry &

Engineering Lectureship Award (2022) ~World’ sTop 2% Scientists ( 2020;

2021) ~ EEHEHEEE Green Talents Award (2013) % » Wi AFKEEFR

g (CAEARRE) ZRAMEEE - BIKEMNE BRE - BKE -

RGBS SRR E - REREEERESHHE (1IAD)

FHKIMEIERE « HEVZAZEERXTRRES2EER - EAKT

Frk & £ RKBAAREMAL - BN 2 2 EREFREMTHEEIEE) » FI40 International Soaety of Paddy and

Water Environment Engineering ( PAWEES) * American Chemical Society (ACS) £ -
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PR e B B AR A ) PP R B T 2 R B R AR - MR E AR R R T A EM T ENEE
VR~ BEAREE - REFRCTKEBRENTEAG—SHE T2 Al B T3
it & & (CSR * corporate social responsibility) * ESG ( BJE2 15 {53 (environment) * it &
& {E(social) » 2 FVAH (governance) = {E [ ) FARZ HAAGEFFAIBER o A0 ZR e 12 -
& JVERTEN S | AG R T B AR A ARSI - WA R 2 Bl B N & SE K A8 < Rl R OK A SR He
TRLE - BIPEAER - STFaRIE - IR Ry B A S B e Rl A KA 2 B ERYZRR -
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WIATETET
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HR > RUNRECE R FKEEI A FIEL > B0 BORREBOKEATE A - BBPIE -
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IFH—4  FERAE KB/ N FRE R ENNERFER T - BITR2020F K H BK
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u o o = RAHREZENT - EKER 2020 &F
L AE I LR S e B , BREREHAE Ly [ IALT
Eﬁ inJZtHﬁE?ﬁﬁHEI’JﬁTWﬁE Eﬁﬁﬁﬁb%’] quﬁij 12 )EJH?:W?%E:%QEF%EEWHF
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https://oir.ntu.edu.tw/ntusdg/wp-content/
B MAEE R A A FRIIRE T EHE B — R uploads/2022/06/NTU-2021-USR-
PSHE RS R ST s Ty oo OHedd)
BB IR BN B P A fy B TR IS (EREDLE— R

A M BB AN 2 A E

TEMEEE (CSR) T2 "Mz, © M2
LBHEFRBFIERRA (Stakeholder) &E&
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( General Electric ) #%Z2KFF5 101678 /& 75 REERL2050TF Z VRS - JE{F98% R II[H]
B BRESWARE N R FE H AL e RS B R AE B R B AR AS URAR - WA HIPFSs » &
B S5 Al A GE 1A 2025 BT 22 TANVE VK PFSs » Wi B R L2 BB R AE - BRRRIBIEIHR S ; S5
REGESHEE T TESCOMAR & N BEOKIEMRIB B A M E R - HIE R R i & oy
PSRN » BETESCOMRFERH R Fr i AU $H B AR TE 58 % ME202 5 F iR 1 £165% + DUR TH 5 iz
KBS B TP 552 5] .2 —Booking Holdingsf% & ANZR » EEMEFATIE K IBHTE LA
FIHEB M A B R E L T A E R -

B LI ARG - IR T IEESGRYBI R WA N LAY E st g~ -
NECHEBE S A KAE ~ 3RO - AREEEIER T TEpHIE ) » RV EIE ARREEE
THERRGRES 1% - B THEERTE - SERAER - (B SERIAIER A
(AT M ER BRI A S 4T B A\ SR A (P B B (F B A & - ploRs— 1 ] DU IRE 5=

FREGESR  ERAREEN— 2 FIRBERENSERERRIRTE
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. . ABEIEFEE DS « T AEE IR 6 SR 2 (miGce)
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2011 ™MW’ 2014 (eps)  mBAEERFESET ) es)
@ - ® ™ ®
| -BuUSEHEEHCRERE 2015 Bowdones 2016

Sustainability Indices

P oy fh AR Gignad CBA

-ZEEXSEE  ARERE| - ARERXEEAEYN B Lot
SiEEHER - WETCrOEIRER Climate Action 100+ Z /AT
- HEENEANF - SERE | - ERUEERGETEE (B EREBSCHE (BEEX
BrEEY SE®EERTREED (PRB) AREER) (PS)
® L
2019 TCFD 2018 Remnioo) 2017
- RE100 A
2020 2021 2022 CCUMATEGROUP ¥cpp -
. ?ﬂ)\cg;s valuing Water . %ﬁﬂé%Z%%@ﬁ%g : ﬁiﬁa;mﬁﬁﬁiﬁﬂﬁﬁ*ﬁﬁ
‘ Ei“;"“if"';‘;;; I b gt i , &%&mgﬁ@a EHEEAAEENSE
- BEXEREEDE - MAAIGCCESHBAR S B . Gilse =
|- B S o R ERescH R S H : igx;;?;agﬁ%ﬁ;&rfmﬁ

2019 FEFREEMAZEE —BREEREASHMENNEME @ EHEEEMRRITEI LALBFE -
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ghtBackside.jpg )
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Gustav Klimt. The Kiss. 1907-1908. 180 x 180 cm.
Osterreichische Galerie Belvedere, Vienna.

( Source:https://commons.wikimedia.org/wiki/File:The_Kiss_-_Gustav_Klimt_-_Google_
Cultural_Institute.jpg )
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