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() FRELBALEEEE T
LA RN 4
TRALBALRABEAHEH —ARIRE 2R TS 4
YR 1B RARAE 0 T2RE%RFHR T (Engineering Design
Research Center; EDRC)Z 2B I ZF 2 A 2 e(NSF) & R Lty 42
#F % ¥ o (Engineering Research Center; ERC)Z. — » gb P o+ =8 4
Fréms » F£ 1986-1997 -/ 2L EGLBABREHALAL ¢ d
RMAHEFI0ELEE ANFLRREEFS0ELL BT+ —F
B35 H AR FRALERERRAREBRF NG TREIER 12
B EkIERENSFEEALEMYEF - SR EDRCEA RAEH T
£ I (Institute for Complex Engineered Systems; ICES) » sb £ % 7 &
Aty EDRC %} e A 4o . Micro Electro-Mechanical Systems
(MEMS) » Tissue Engineering and Artificial Organs % /,/8-F & . 48 %,
G - WEREFAERGEF AL LA X H WA Affiliate
($25,000/4F) » Member ($60,000/4) » Partner ($100,000~$150,000/4) -
Strategic Partner ($200,000~$300,000/4) (4% —) ° 4 8644 & o Bisg
REHBIFEHEAHFHERFREAFE -FERR B R—FTE
B CECRABIRS  MFTLEAMMNELRAR LEE
FEERH

235 P BB

EEWFALFORBTETF 45 MRS HLEHE: A
Westrerberg, I. Grossmann, G. Powers, L. Biegler, E. Ydstie, S. Hauan %
ABHEREEE c EAMBBRAAMRABRIREERE L SR
ERZHTINS X4 - BB RME 20 28BN BERILIHRAALR
RWBH > BTRESO SV GZAHKBN UMM EAE R
AR BARBEBOARERIERAAEARF A ATR  EHOHER



3 RBICRIESR ) ARABRBL AR LASEGELE > B L
A8 & $AE 7T R 4 - Westrerberg £ £#1 % 4& conceptual design & A & 3+
¥ > Grossmann RS FREMNESEZ EHL8E5T bt %
433 mixed integer linear programming (MILP)3] A42 F-3% 38957 %
# o Powers 8% EHFZEF L RO BRI T EDRC fv ICES #97 m&
B B Biegler bR RRBIH T ARZEGHE LK ERSE
"4E 0 B A4 B ATIETT & F &9 Center for Advanced Process
Decision-Making (CAPD) # 4% #1887 CAPD 94850 (35 4 A M
4—)  CAPD 2 &R B @A AMHE =+ ARER+ i+
BRRE BFRENA20EE2L R SNREBRHALEALER
FEREL - ML BRI BRFALIEAA R EAR Y BRI EGE
> ARABRELH TREFHEAIFELE SR —BEBRARE
B 893548 - Ydstie 7 5 £ A8 RIE HIAR B0k A T 3 69 38 B 42 4] 2] #0 PPG
%8 AV B IR P RA AR > Havan # % 3% 3t & (high performance
computing)#8 § A EBE X ZARERERBAME » BH — )z
HBERPAEERLBARD @Y P AL 2 8B A % microbalance system
BB o

W

3.5 0 4F

FRAEZBRREZOL D RAMBRIBAMELAIHNESR
Mo #FHH EDRC 2| BArgy ICES » B P 0B TR ERAES
BT —HAREHETL o B fT¥AR ? LRHH R F2(EDRC) A
Bl BRBRIILATRRITGEY -

Design for:
(1) Efficiency and Reliability
(2) New Products
(3) New Processes
(4) Environment
(5) Health and Safety

LERBRBRAMTEECMOAARAL " wRESARE B
2 EF aoT RLENARSTAAMAR - AEHBERETO
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AT A%E 7EDRC » CAPD 1 ICES 8 T AR & /& &, -

» lmportant
Problem

Emerging _tools @solutmns
: A S—
Science
..................................... ,
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New Science

LB F B R EDRCHE A ML A E ICESHETER
FlRA e R e A &M CAPD 8 E 668 - FTUABAZ > A&
R BBWEATHRCT ETRRR—BERAGIRAR T O Bh A
AT BAMEHEZR -
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TENEG

BEBMIRPILTAEE T MBI G E  — BB
Bt AMMELERWE AL L BEBibT A8 2
BATARE - A XXM RAARTHOY A LR @ EAEBZ X E57
RABRAARERITF ¢
NOEX EX-VE YT T
Jeffrey J. Chalmers— £ {b T#2 ~ fmf e & ~ %78 5L M fm B 58
‘Shang-Tian Yang— 4 fb T#2 ~ BS& ~ ik ~ AT 42
Robert S. Brodkey — A %8 K&y Ak 4 4 F Z /i & & ]

James F. Rathman— A M 4 S F 4 R @ H

(0)): 5 Y ok s Ty '

Liang-Shih Fan—kr 88 £ 47 ~ SR a8/t ty

James F. Rathman— F @R & ~ 4 F 8 4 -~ AL - R@E s
Jacques L. Zakin— @8 R Z i 8 2 R EHE ~ AR

David L. Tomasko — LA A2 B8 S5 R W m

Umit S. Ozkan— % £ B & kR Fey4E bR B

QYRBHE/ % AIRAE

Robert S. Brodkey—i%%&t%?h‘ﬁ‘iﬁﬁf) S BESH

Jeffrey J. Chalmers— £ b R BIEIRH R KR A A 2
Liang-Shih Fan— A Bt #r & MR H £

@ TFHAS/HEAS

Isamu Kusaka— s 2 B hfo it E R

David L. Tomasko —#BEE Rim B /1 £ ~ BP R 58

James F. Rathman— AR A @ ¥4 FE AR %R
G)amF/HeHFhT

Kurt W. Koelling— &4 FAe L - £ E MR ASH - BAORB ARG S
L.James Lee—#AMHAEASH S FhoL ~ REMSHF - 28 & B0
Robert S. Brodkey —#8 A4 4 ¥ 84 & - F FUIR &4 1%

David L. Tomasko— /& i &2 EE R — B AL A & o F Ao L

O RFARSGTHE
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Bhavik R. Bakshi — b2 # 58 24845 - A R 5 B ¥ A2
Martin Feinberg — 48 2t R /& % #t69 R & & & iift

(MR BT,/ HBIERE

Martin Feinberg—# 3t R B8 /1% ~ (S R B E &%
Umit S. Ozkan — 24848 16 ~ AB 4L 89 & R R 5 8UL
Liang-Shih Fan—#k 2 R & Hh £

2.3 B 4238

4= Ohio state university 8 £3% 7 » HPFEH T4 BT AR
ILE AN H ThEeEHE , FTERERMANE -

42 OSU # X #9474 ¥ » & Prof. Bhavik Bakshi A7 34k - /1% %
#4/6T % # Prof. David Tomasko € 3% @ 48 K &9 £ A AZEE R CO,
R RYNETHERAEFY CO2 5B TURKANSRAE
AAAETER BRTTEARERCOMEAR S - £ L ERAYEN
BHREBRANRBEN -2 T446 BB LS, F - HERTR
B CO SLEBMMANBMREHAR » —WAREFHEBNOY
N1 BANEFRRZ -

BER/MFD TRZBAEHIRS F#4 ¥ (Environmental
Molecular Science Center, EMSC):* € R T HE 3 X5 > 162 4 8 Prof.
Patrick Hatchen » 3 48, 7 3% ¥ ¥ A#92% 4 - OSU Z Environmental
Milecular Science Center > B 84 EARE E R R RS SLHAELME ~ &
18~ BN AR &Y 4 0 FELBR AT R E B AR B ARARH - B A EHeE
ARBREABEARREHE R GHE L2 EH5A - MBEAHRE
GC-MS~LC-MS - 44 & A4 B 2 A% 3 ¥ #44 F 344 - k48 NMR -
A Bl 48 NMR - Prof. Hatcher /& & #& Penn. State Univ. » 4% OSU 1L & 4
B IRE-BELLHMACERS  LRETEEIFHEY
SEHTRR LT B L BRALIRE IS - BBEIRRASK
ICERTHaziE AEFLRREAENSHEZE=FE L4668 %
FALRAUERES THRHETCZ— AL Reieh » S AL
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KRR MRS BB L ERYER ) B f55 T
humic acid £ B REF A A E -

#%  KNAWRATA %4 Prof. Harold Walker - fo4m gy 5 %
FERAEMNKFH Ohio AEROIHAE N ELRBLRERES -
R oo fe REELE > SHE - HTAREH - 24885 -
A A 4R B 2B BT AI(AA A& TPA)s ] B 3 do 7 10
TR ERALKE o

¥4 > HKAVEI6 T %4 4 Prof. Jacques » Prof. Bhavuk Bakshi — &
i 4% » Prof. Zakin 42 & B Ao T8 41 AEIR » ko fTIAIER K 4 e tE 2 4
P 6y BRAC BB T KAEBp 588 RARRE W) RIFF ik o

T 4 Prof. Bakshi /% T %ofeT A & /1 @844 A Ecological -
Industrial & Economical 4 %4 ¥ @A 9 T A » A4 s - %
4G REBITFA S T ARE ) B bk A4F3E = H 48 5 % F o304
PERERBEFRAZBAFH=ZFZEBBEIEE - 442 1 24 Energy 4F
ABERIHZESARE BAWE W BBAL2EM - # NSF
SHAIFERTA XS - CHABRRIME R - (S ALMEE)

% % » #4F1 2 Prof. Lianf-Shih Fan & Post doc.: Dr. Himanshu Gupta
@‘:ﬁ » B¢ A2 Prof. Fan B+ 5 AFHEUBLNNH - BB TH %
MOREE BB BB R AR TE  LBER T FiERARD
CO2 ¢y B » HiofTiE AL TR BT H S UM T R T8 -

3.5 4%

SERBRNERAORPA AR 2T AL BR P BB
WY BRHEAGRBEDZIHBIINEEL R A RN BISE
RABH BB EDHR > AR T ERERGRITRF % 0 4
Bréelgiii U8R datld MR TAENA4%edaEy
HEER TR EEEENTH A ETE AR AL R Y 23T
£ RRUMERABALB T RAITE 5 TEH YR EE -

13



SRR 3 e T AR AT 0 B TR TR MRt ~ BE TR SR R B A
WA RUBE et il BRRABE TSRS 4l -
TR B RGBT -

14



(E)EFALLLA

l. #ENEB:

EBARZAHRIHHB A IORIRE - REARAKR  BEHKwE
—RARERER - ZRIERA ERILE  FHEB IR B
RIFE  EARUBLARCELRALZMAN APl 4{gnd
AKX RATERHME A EENARABTE A LE AR
ABERABM LA RAR 5 illdoF !

(1)A 16T #2 — Agnes Ostafin & Andre Palmer B/ 32 #{ 3%

(24 1t & R J& T #2 —Hsueh-Chia Chang * Arvind Varma & Eduardo E.
Wolf #(3%

(3)#2 2 # M 28 & i #) —Hsueh-Chia Chang ~ David T. Leighton ~ Mark
J. McCready #i4% & Davide A. Hill & 24#%

(4)#% % % 42 —Joan F. Brennecke * Mark J. McCready * Roger A. Schmitz
& Mark A. Stadtherr 2¢#%

S)nTF#h 2R %3 /1% —Joan F. Brennecke -~ William C. Strieder
#(4% & Edward J. Maginn &|2{#%

(6)#2 /- 4 142 —Jeffrey C. Kantor 2| #;#% & Mark A. Stadtherr #(#%
(1)#+% & T 42 A 2 R 3%+ ¥ —Paul J. McGinn ~ Albert E. Miller ~
Arvind Varma #(#% & Davide A. Hill #» Edward J. Maginn 2| #(3%

2.3 Bl e B

£MHEBFLI030HLETF 440 &R > IR 28933
s> HRATFARTLRRE ' SIRE A BH XS F/NBF - Notre Dame
REMEXBREAHIH LN - HIL O RABE T ¥ A%
KR 4o Ohio State K2 E vy EB EH T LB LR EEEEBEER -
HIBFFM G ZMBGOAREARLEERRTANBR S WA
AREHHOBAFREENZOSLT OO R2LEL T LB ERK
& 4 & - Brennecke ¥ Stadherr # 3% & v =R 892 5%t 0 4494
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A Allen & Shonnard ##7 Z(“Green Engineering
* Environmentally Conscious Design of Chemical Processes” by David T.
Allen and David R. Shonnard - Prentice Hall PTR - 2001)% B 37 % & %
EEERFAB—AHAE - LHAM TR EROGEES Bo S
BARER  @FRA AP BRERRAN TR L ELENBE - 3k
HHEORAEHLEEE FEAME=Z T2 EAXSHHAR
RAAMARB()RELETHAEALAT LY RO T REERR 5%
MO RERA > FHBLERVEEZRAERERAQELE TR
REBRTEOTEAERC)REL AR T A NG BT LB -
BRI EENBAZIREY - ZARKAB AN T A &
BREERBACIHBEENRRT - SAL0XF B SHNEEN S
BRAFYABGRE  AEACERBE TR EFFTHEEL Y
2 ABRBEARREFMBIER - fldo -
1A A $#3RARABA A 6 A2 BE R — R /ba 3 BBy

(1)RBEER — A E A & ¢ 69 4 & 3 (ginger oleoresin)

Q)BER —fibm E Rk R

G)RER —AILn ERA D

DHREER — R AL LR BAK T thEy

G)RBER — A Ls R4 B

(6)#] A — A1t & #% dimethyl formamide
2.4 & IFAUR AR ¥ R-134a AR A
3.4 & p-Nitroaniline &9 37 & 2
4. B KW F R

(DA EEF HyO RAL AR 85 £ 2 K

QUEBAR & AL P X BT R 2 AR

Gy EF & ¥ A Kebit

(4)% VOC 75 843 KiF4t
5.F B) R J&E # B % #% Dimethyl Carbonate
6.5 4 Polyethylene Terephalate % # #93% 3

YR ITERFKE S TFEELRILREMA KA (Institute of
Environment Research ) 483k 8,446 T 4 » L K 4 BMBMA %
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HERARTREZ ARG A H o LIMLBIEA R ZRA R
BARRIAR » JHMEM S SN ALy IB IR H IR -

AT B3 A HREITRBRRANGAE

I BER CO 89 ER
REFABYERAMALCENET 52X Bt FGeysE
i &4 R o B A Brennecke # Stadherr #4% 847 K T8y %
BAHR BRIEBEER  EXEEAMBRR RS TR
R BBMAZLHAERANABHBRYCTIHEMOH L46 - H=k
FIAARER CO, Zomdk B & 42545 ANZ B CO, ERE R
ARBmME R EEER o WHAERAEZER > RIRTRERKHE -
ERBEFERRNEHABRECERR LA vk BERRRE
A rBRALY BAARARRERTR  EZARAEIFHOHEAR 1t
IMEZERANLEAH  HRGOEREKR -

II .3¢ F 7 #& (ionic solution)#) f& A

BETERARAETETARE  ARARAABRHAERD > T
iR R JEARMAC S - AAMAKIRE » B SLELE £ %08 400°C 8%
ALY AR BRI - BETERA FTTUMRERSAEHMRY
BUEHREASRTAR - BETEROERALEE > EdNETFER
HERBEY  LIERBER  HMHRE  BELETFTERARS
BRESS MBELIGOARTER - BETERHER O
(DA &AL - B S EBL RACRBETHNE
BFAERHRBRE BEEESLENMELER - GAETERY
&ARE  BREHHAE bR T# - — LR H8e H,» Oy
CO» CH, ABEFRRBERE RGN — AR RIFEIE A
ARl MTZ PHABERTEEATHERBERNEBRD
e At L RAAHRERRLEBREBEREATHTRELYARK
B F e

(2Q)f.82 58k
RE BT ERGBEBEBRKR > 40 CO 4 40°C » 50 bar B A TF >
Fe[bmim][PFeley 5 E A 05 EH 0% > MM R 10% ik
SEBERRAGETEROGET BT RpeAmu s



S HMETERN AR T8 WEHRLRA SRS R
% 7% B (liquid supported membrane) - EfE A% » — AR LB HERE B B
Ji%omg’tﬁ]#ﬁiﬁ
Gk n
AR GICEMAETR B OBETFER T A ARE AR E  #) A sbds i
TN EERARRA Y e M BBTERAT TERTUREE NS
ﬁk B sbA| A BT I5 R - BERAR AR B - BE R AR IR A A B 1A
IR -
(4)4’1E ropeL il
TS BMR BRI AMNBET ERYERERR Bl TR T
naphthalene & [bmim][PF¢]&9/5#2 K £ 30 mole% » B b A& F5%
BRBREGUBETAHS  HEBTHERRAFRLAES - KB -
CHEATRE /BT RH
BETFAERARELS RETE REEBELEE KN E¥ &
IR ER IR » 5B SR HFHER R -
(6)7E 2 78 75 &l
BETHERGMENERE A FREAYM ARG - ELETERY
BRTHRBARR (BHE) BEENEA S BAESETH
HEE
(M AR IRB R
BRMBABANETARBEESRRRARESE  mEETA
REGHE LB ARIBE AR
IOT 4% 4. 4 34 35 o 3Ret
mﬁﬁﬁﬁﬁ#%&mﬁmM%&%%ﬁ#%&ﬁﬁ BiEAL
BRI HRHE RBARERE - AFERLMA > RERHEHRL
Bg it ARG ALRIEH TR - AR EEH
BRIHAEHKASL  FRETHRE M M AERBER
IV. A & & o9 B8t
R.A.Schmitz 2t 3% #| A 3 B MBI A R A% > &5 EHRT
2o —FBRARABREE S EERBR TURAREEL240
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RBICRMKAYCEZER A —F @ TRERAWEKHSET
M#ﬁ%ﬁfii&&é’)'ﬁ% b B AR SRR e g B4
Jo TR HIRIR
V. RIS K
Edward J. Maginn #{ 4% i #4746 A FLIR KN 4 2~50 nm 6945 FLH K
(mesoporous powder) » $b5& #.% $47 K At B 3£ (self supporting) &
4% (binder) i m & mE AR (packedbed ) HE4LB H45
SRS  HERSTENIEFTHEL B RBENBRMENE -
LR RAR RAC T A 69 3T AL T 69 026 AR SR IR AR 04 P
%8 o 4£ Notre Dame #4935 F] ¥ » RIREF > RARABRIEH AL
SIRGHEEAI - AARRFAER EER LI HHE  RE
I BABRE -

r =
[S::A

3. 4% 4% ¢

#1 Carnegie Mellon & Ohio state 16 T % 2323434 0% » T AR &
MR RBBREEREN REITE > FLEFEAARRARARE F’{-‘ ’
Bp R A4S B t4 B8 > {2 Notre Dame #9332 M5 K lLBR T » A4k
MBMOAEBRLHARRS > BEFFABOER » SBFaRy:E
A o % Notre Dame {t T4 &9 X T E IR AN R IEILE R k&
4 Z F > 365 Notre Dame 89 — K45 &, ©
AT THRENERFEIKELENOARTRUMEE TR EZR /LT
AOHBZMAE HAESBARRPMBEIRTAMEESL EHE R
FRAHEER -
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EAN T L

SR AW EAERY TR ER R Y P hRE > BT A
AR w0k 5 B A8 B T 913 TR AT B SR AR AT
HE AT REBT ERE S AR Y HA X > RO T
o F

1. &3 HHABFALATIE M- ROBFALTIRE BTE
BEHERCGRITERRAN  BELRNAERLE - A KTFE
BRAERFABANITERAELIAS ZEE R -BAEHBASRK
SRS  EMBRRED TR -FFRNELNTAHERHN > AERY
BRA RELEYMLE BHEZFOHEH I

WA RIEAS - A8 A% - RIBMAMS - b 488 -
EEag s ETHHERARsR R aNE  ERB
2 BLE A R E 0 RERE R B NEHE -

AR BAARSR  JEAR TS  PID 3E 41383 ~ Spibirs] « 2 88
R BREZADE FRALARMLLBEEESCME - %%é%
RO THREE -

2. e B AR RAEER BT oot aEtE LYy
B AP RERANEUBGME - L0 SR -
RO ARG AR T ~ M0 BEAAT 09 B 55 RAB Bl 6 T2 44 - Bo A fb T2
Fleh &8 AFHEBZEN

R AR HeR  GHESE  SXETheBMME
Bl BB FBHEETERFZHE -
TREMN  ARBEARRWGRE - AR M BWHEE -

3. SRBE CRTEEURREN  SEBEMBAEL  RARL
1240353 PO TR R E EXREB GO #2338 4%
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+  Thenmodyramics-based srocess contral
+ Process verifization

*  Optimization-sirategies for pracess contrnl
and parameter estimatinn

*  Large-5t3ir noniinedr programming

+  Ogtimization ¢f ditfxce

1-aigzbraiz syste:

<« Strategies for mixed-integer 2rogramming

Logie based aptimization and disjunctive
orogrammirg foe progess synthesis and
schaduling

Advanzed envirommants for the rapid Ceeation,
debugging, and salbticn af farge, complex
eauationsbasad medels

Eovirpnment for cagturing, structuriag, and
sharing of infarmatian (@ suonort teant based
eagitipering design

Adagtive control and an-tine parameter
estimation

Hodeling simufation wny control of distributad
systents

Verification of coatrol system software and
kuman operaying precadures

_CAPD Short Course -

The consortium akso-ofters 3 shert Caurs? in Juns,

vith members recaiing 4 25% discount registra.
tion fee, indivigual meetings are 250 encpuraged
ndustrial representatives to define new
prejsuts and discuss current work,

CAPD Softwi

The comeortium slsomakes softvars avaftable to
its mernbers, aithcugh sane programs ¥sauice 3
Heansz i it uses angther commarciat package.
Some of Lhese progeams jactuda:

TSAP Scezessiit quadratic programming for
nonizear sptirization

DITOPT+4 Gererat purpose code far
mMixgd-irieger moalinpar optimization

24

«  SYNHEAY, STEAM Synthesis rograms for
eat exchanger networks, olility systems,

STBS, BATCHSPL, PLANNER Programs
for scieduting 2nd planaing

« LOGMIP Code for disjunctive progzamming

* GAMS P{ based insartaces for proguss
symiweis, plaraiog and scheduling

+  ASCEND Equation hased maosling gys

+ nedim Informailen managemens systems

The annual fre for membership In the carsartium
is $15,508. These are unrestricted fuads for
researth and o primarily sunport graduate
students (2ach student’s tuition and stipend
2xceeds $50,00C per ysar}

For more inforatation, contact

MS. Laura Shahesan at (412-255-6344),

e-mail: ir23@andrew.crmu.edy, or contact us via
wwwiheme.emy, sdu/ressacchicand




(=)Bakshi HE A MERBRBFAKITREZHREH

A Thermod  ynamic Framework
for Ecologic  ally Consdous
Pracess Systems Engine ering

Bhavik R. Bekshi

Oogartrrark of Chemical Engreresing
Obio e Urino taity
Colinbus, OH 3210

Motivation

+ Chemicgl Enginesning has ptayed animpontant role
In human prospertty
- Ensgy lechiokary, Medcing| products, New meterial

+ Significant impact of our activities on the ervironment

- Polluion, Oromm deplcton, Clrrate ctenge,
Bodvensty bas

N Mend for sustainable human adtivities (WCED, 1987)
~ ... mwaty the.osach of the pre sert withod compeorrising
l)ubixydfu pansestians hmuuhaumr«ir
» For jongderm competitive advantage industry must
consider ecotogical, economic, and 3ocial aspedts
Fiolday, 1999, DeSirons and Ropoft, 1597)

Traditional Approach

+ Censldars environment as secondary to more
important economic adhily
« Ermphasis on reducing beoal erd imrmdiwie risk
- Focus 0n remediation ard canpiance
— Narow focus on pros s wale

» Monay is an incompiata measur of environmaertal
nputs and Impact

» May soivaorty part of tho problem of shit Impadt to
anather domdn

NGO "6y Seme™ VIew 10 g0 by ond £cale of the
procoss

Life Cyde Management
Approach

» Aims to consiaer environmentsd, economic and
sodial aspects throughout We cycla
» Inciudes tochniques for,
= L#s Cychs Asses srmnt (LCA) of prochuct
- Desgn kr the enviknment
- Environment©d acoo unting
+ Essontigl for imglementing industrial ecology

» USQATOf vanous PSE 1aSKs oapegte, 1999, Petkopoutoe,
1500: Cabaras otal,, 150}

» Slgnificant adv ance ovex traditional methods

Shortcornings of Existing
Methods

» Lack of comman ramowo K fof tha analysts of
industnial, ecological, and eccromic gysiems.

» Ecologicat meheds ignore mpact of amissions

Engnecring methods ignore contnbialon of

ecological products and savices

- Buchas, wind, iver fow, min, photoeyrthe s, polinosion,
bedegracetion

= Heture' 2 serv s ate sssmated 1o by werth sbout 1.8 803
icbel 9ot s netibne! PO K eeca wial, 90F)

~ Con intnockics sigrificent error in LCM mault

, d of conaion
Snd sarvices

Consequenc  es of Shortcomings

» Datertoranon of ecological senvicas
— 33% dexine in ecotys wxrw, with 308 ircrense in hurman
PrYirue 0 a3t 30 year KAWE. 2000)
- B80% of workfs wetwcts biet i tast contiry (Wi 200)
~ 88X of cral roats irpexied by humen ackviy
~ BOX grassbirrds sufforing from il degraktion
Chemical engl have a special
andopportunty $ince
~ Chernical incsstry dsmnaies in geoerating tezandus
ey
- Morethan 75,00 0charricals devciped i het 30 yeers
- Gemmtion of incustrinl warrin in the U.2 is more fan109
Kgipersontiey! es wnd o, 1997)
~ Hortréul eacts of CFC, OOT, ex.
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Objectives

+ Develop rigorous tramework for incomporating
oAl and n
industid tasks
+ Explolt synergy betwoen mathods in
~ Sy shwers Ecolgy
~ Prooess S8y sems Engirering
~ UeCrcio Ansessrrans
» Apply ramasork to soive PSE tasks
~ Ulacydle massssmnnt of poducts
~ Chemical pmocess dumign

Outiine

Irtrodudtion lo Systems Ecotogy

=~ Chorectorisncs of ecobxpoal sy shema

- Energy fowdegmm

- Emeny, Exogy, Tanstormy

» Thermodynamic (R owork for Ing anatysis of
industrial end ecalsgical systems

» Anaysts of econamic and eculoglcal inputs

> Tl aralysis ot impact
» Emargy-asad e cycio assessment of products
+ Summary and aure work

Charactenstics of Ecological
Systems

» Deveopmenk and growth arq kmted by he
avallgbiRty of I930UrCes and Ina #dIflty Lo explolt
them

+ ADr330ureas and services are ransformed and
#10red solar energy
» Ecosystems are networks of energy flow

Historkal pefpecive
-t & R for the sbldy
parfarmrvenrt” (Bofzmann, 1908
— asteme pravail that davelop designs
thet meximce o flow of Lachlorenay (Lotka, 1522}
-:;My seckigordurion ko & orvronmere”

Energy Flow Diagrams

» Used Iy | and
MOGRING SCOSYSIEMS (Cdwa. 1971; Uencwes=. 1006)
» Energy flow In food cnain

108, 10 103, 107 4y 10 Joues

Sun Plants  Hethows  Pradsors
» Avakabia enorgy per unit of solar enargy dacreases
+ Abdity to do work and energy concentration increace
+ Andysis equires concepts of eldargy end aXagy

Emergy, Exergy, Transformity

» Avallie Enargy of eXergy s the encrgy hat e be
convenied to usul work
» Emboded Enargy o 6MRIgy s the total enesgy needed
direcly of Indaclly o make a produd of sarvice
» Emergy = Transformity X Exaryy
¥ e ¢ e (Trenst)
19 1 1 16 10 [og (Brorgy)
i 104 1@ 1P 0] (Exomy)

S Muws  Heivass | Podeus
O Bemivy

[Properiey ot Emergy and ]
Exergy

+ Emergy and axargy are complementary properties

Bwrgy
Wewture of etvergy Siure

Enmrgy
Veasars of snergy paet
Ingeats L Outpat
Rath dependant Stwe depandent
» Emergy Is the cumuilatve axergy consumad starting
from solar anargy
» Transtomnly is inversely proponiond to efiiclency
> Higher transformety indicates grestar abiity 1o do
work, that Is, nigher quaily of energy
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Analysis of Industnal and energy Flow hagram of TE
Ecological Systems Processes

» Industnal procesces transfomm ecoiogleal produds Eyaes

and saiv et into @ conomic products and services

+ Bohsystams are networks of energy flow and
catisty same laws of nature

» Emergy is ¢ maasur of ecological investment

ocost
— Whney iy an ncompéchs e
» Pamis joirt analysis of acologcst and aoonomic
aspacts of Industrigl systems

=
+ Emargy end exargy flows canbe Gelermined from
matertal and energy balances

Flow from Economic Inputs Flow from Ecological Inputs
» Economic inputs nave monatary value N inputs can b T
~ tabar, fud, squipment, etc. = Sunight, Rain, Wind Fertla xo2, Bicdegmdaton, v,
+ M3y be JaemMINadg from » Ecological services and produdts am needed
« Ufecycle iventory deta ~ A1 inpats for econonmic ectiviy and
= Matornl rolsartput bbies ~ Forduspating and chsorbing emissiors
» May be approximated from eoanomic dta » Emargy in ecological inplts ¢an be detestnined from
- Costef inpus therr traneformity
= Economc inputavtpt teties — Tabuiiod by scologists ©uum, 1998)
» Emergy = economic cost X fotal emargy inpid — Relaivoly conzant dis to eveiutorary preswms
~ Soler runsdorny = 1 sefd, wind 21,663, crude = B4E,
gross aconomic product Limoste =16 £+6 ;uﬂ
[~ TREFModynamic ANaTysis of Exergy Loss via Life Cydle
Impact Impact Assessment
» ReEponsa of sell-organzed systens 10 siress » ECOIndicator 99 83625598 42mage 10 (Qaadiaop and
— Sressed rystoms kose e g, trowe closer o ecrilbium Spmsma, 2000)
- Polulants ntodics emeny thetcaures mdkaction « Humen hoakh mensued by CALY
Ao yYM BX ey Pusmrosl, TON =~ Ecosy stem qualiity sreasured by PAF end PDF
+ Exargy 1063 due to pesturbation provides holistic = Resuumes
measure of impact » Disabety Adpusted Lie Yoars (DALY) combmes
, Combing with Life Cycle Impact Assessmart years of (16 15t and Yoers £wad disaniod (who, 1906
methods » Potentiatly Altacted Fraction (PAF) of specias is
= Neod I convent LOIA cubput b wor gy foes datenminad by ecological modals
= Require appropeints LCIA maods + Neadto convarnt impact in sach calogory o axergy
ioss
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=
» EmRrgy and Qeergy fNlows can be determined from
materal end energy batances

Exergy Loss Due to impact

Detemine axergy t03s of impact en human health
and ecosysiem quality

Combine DALY and PAF with exagy of affected
species

Exergy of IWing orgsnismsa may be computed by
combining

Approximata exergy per human = 4 x 10% Joules

Performance Matrics

+ Emargy gain for aconoay (Nel omergy) =Y - F
~ Nt emeigy must be postive kx induswind paceases b be
beowical o the wcorony
» Emorgy RO for ¢conomy (Emergy Yidid Ratio) = Y/F

= Mobgous 1 Btum on nvesernt
- i

» Environmental loading ratto = (FeN+R,) 7 R,

» Susigmabilty memic = EYR/ELR

» Usatut for analysis and companson of qoologica and
economic aspects {Ocum, 1994 Brown and Uk, 1957)

LCA of Soy Bean Growth

LCA focuses on adiatic and anargy cepletion arxt
mpad of emissions

] aton of pear
ton of soy bean o Heikrgs et al, 1998)

= Globol Warming Ptertind 4330

~ Hurmon Tasicly 1501

~ Pholxchernicn] Oxidant Creation 00c2kg

- Acidfcaton 03Tk

- Hurifeaton 4160

Impads ane combined invaluation step

emLCA of Soy Bean Growth

» Emeargy-based LCA considers all the inpuis
~ Renewabs resourors ;) sun, min, el
- Norrerowstie rescuces ) - kes of wpsol
~ Esoname resouces {F) - abor, fudl, senicns
~ Absorption of Waste (Ry) - LCA calegxies, wird
» Seledles energy flows for emLCA {sejfon of wy al)

-[Ry Bunight 3£+ 14 fan_ 68Es14
~{N__Sol snwon JE+ 8
-F I5E+ 14 Fotlzery 1.1E210
[ _amrun boath_TIE¢17

B and rputs ane -
neither can be ignerad

Ecdogically Conscious
Process Design

Evanste bom, economic and thermodynamic yidd of
solacted design
Pose selectad sustainabibty indax as constraint
May use mulioblective oplimizetion 1o ing Parats
optimal surface
Satect "oplimurn” based on valyation of economic
and ecologics! aspects
Canbe used Y determing medications to make
Prooess more suslainsbla
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Summary

Contritution of nature’s services lo industrial activity
MUST be taken into account
Ther <an provide

for analy sis of industrial and ecological systems
~ Addresses both velt L

Emaergy andysis provides

~ Mozum of acokogical cost

~ Comron currercy for el systems
L¥e cycle Imentory can provide em argy of economic
Irputs
Systems ecology provides emergy of ecological inputs
LCIA provides iformation about Impact of émissions

Future Work

» Mary challenges to make framework practical
= Lik cyclo mvenbry de m wih ecokagic o inputs
-~ Trnsonrities of eco bygeal ard economic prducts and

services
~ Thermodynarmic armly sis of impect
Mary poterital applications
~ Sustsinabilty ergieering
- Process design and retrofit.
~ Prochet asves sment ard design
- Greenchomistry
Requires muttidiscplinary coflaborationt
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