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CHAPTER 1

INTRODUCTION

W, (71" 1/- 1"(& (/-*"$ (&' 7 /9 (+*$&$ $w& 1&'* #%*,1/"(6  (-(/1
JIBITSE (J1# RIS U= L =t (LR (/RS (8T TFT 1Y) B 1787
8 THE, (TV'2 4 - 1/- SB<S('& (/-*"$ (&' IA[ /¢ $/188".0 -8 & L &/8" %! & +8&/
OB 18T (T &L N/-a $S + (/188 (/1T /- /W &
8188 (/ $H& -& "8S( / # 1KV &' X T8 V/- (& (14 1" +1" &/ ( /,&/81"

FEL N7 EG[ S KL% /1§F 1M & < T8 48 /18 1% /S0 e #1S 8T /(7
1 C% 1/- 48  &'&/8 CI'Sed™ "(&'$."& (/ -& &' &- 7 */$ (&" W & 71*"&- "1 18
& *T&T /xS &AL (L & (&S &L V-1 /- T(1 (J80*(S. #
& " 7(88(&" 2Q[3
W & T& §( / &S (/ S&HE L*IS( / BV/RCT /78S #-8& &' &/$ S!S
(/7 V& &7/ LTV & (/L8N /- IR T TR/ E ST ATV
1T&™ W U A% (C TIME= RSN/ & &' L &/5 CW(T% (* -&H(/&- (/ $h&
AU/ & S(/AP RIT\ *YN/14E -8 & L&/% (" & -& &', &/8 CW(Th ., 888"
08 /88&-" H WG &GS C(E% *$T , L ("(/L WG H('(. # & 18/E1S( /7S, 888
W& C/ /88&-"Y B3 &1 "2 W& 1 1" # RUSN/14E & &' L& (C /S /.
BT/ " ATYT AR 1Tt 7@ W& T RIS/ ¢ &7 / (71, #&I(+'& /-
& (7, &/8V"DE (8-, T&ME" GO*( &' Mh& &k ' # TWE, (71" &/1(/&& " (/ e
& & L&/8 B TRSI/1HE TRTRT QD W&, (71" &/L(/8& (/1 -("T( (/& (/T"*-&"
SN N- &N F 0 TE VST /RN /¢ TR (/LIS 287 1, (TV
/U EE T&TE /- CTRS.Y / WAE 1US SC -&71-8%2 TWE, (71" &/1(/8& " %! &
UG-8 7 /7(-& SH& (/8L (7 K& (/&M (VRGN (/S T8 "M/S =& (1 V/-
& 15( /3
("L(/ & /1 C&'$'&/TRTE/-D D (&Y NTWNE TR(/L SET /S E LS
88181 8IS, 878 #CISE S &Y, "D &=*T(/1 &S <(7 TH&, (TV"* 1/=  "S1/$ 1 */s"

A



(/ 08 § 1/°88 (/& 1/- (T 1&" V& (/T8 (/ W& T8 -&'(L/3  C& &1
&/- # (&Y VThE T*&— & 4R, T &I +. & & 1S( /T IS%& Swl/ /
W8 71*'8T #&/ (/8781 +'&," IGEN[
L& FU L 7% (U CUS& L (/(L(BYS( /2 CW(Th (/7 18T " * T8
&=*T8( / 1/~ &1.7'(/1% -&7 &V'&M& Y, */$1/- (9" #WI51 - ** CI'8&" IR[}
, LGHATS( & V/-  NTS( &Y NTW ™S/ & &/S( /S T 11(/&-
(,  SI/782 CW(T% (" —(#48 &/$ % , C1'S& , (/(, (BIS( / V/= 71" (7V" ™ /7 /$ "3
G /& &I/ V- §T WG (7. # & &S(/L &-*T(/L MRS/ -* (/1 (8"
18/818( /3 TT —(/1".0 CU&S  ™*S( / T/ § +& & &/38-2 WISY — ** "*4'1/78"
ooR'- 48 &7.78-  S&I%- (/ 1/ &/ ( /881", V778 $14E L1185 (1
8'81& # WISY = ** RLSI/TR S & &7 (/L &8 " *'- +& $HE "1'S T (78 1/- $&
881G % *'- 48 &/ (/&8N T </- IR} & & VKIS( / ESM& T /T8 /% # &
e, (71" 8O*( &" A& "(H& 7.7"8& 1/1"."("2 (T (/7"*-8&" O*1/S(¥. (/1 $& #=" 1718 #
& (1,880 (, VT$OEY RIS/ TRT(/LUSE T USUS(/1E L 8sals,ess #
1IC , 186 (1"$ SWEH(/1"S 8IS, &/8 #9WE -&"(&- -*T$1/--(" "I" #CI'&"1 [3
We (/7 N(/ & T /(RN T8 -8/ + (/1T V/RC T /T8
718 \1 88/ &/1(/8& (/113 88/ &/L(/8& (/1% T%'&" [ TV*"(/1 1" "8 &/ ( / ,&/8V"
(, 17817 (R -* (/1 & &L/ V- & N( 7 # TH&, (71" T&& &8/
&/L(/88 (/1 V(.  W(1%& 7 /7 &"(/ # 1C L18& (12 %(1%&  -*7$ "8"&78( (5.2 (L%
(, &, &/ (/&8 1. SHH(T(R/T 28" *"& HH%E"1*"% #+&/(1/ " " &/8") **+3(5*8( /
8 1C 198 (1" C(8% & &/&CI+"& #88="3 79"2" C 1, */§" 1/-"8"* WI51 - ** CI'§%
KT8 S1V/-" C& 8T /=Y L&, (( /TG /%, LY 0188/ &/L(/8& (/1 /88" S
7 /M-8 RSN - (/1 78 &ML/
§S(" (/S (" J8T&Y LS T /M(-& FUN/1H(S. 1/- 188/ &/1(/8& (/1
LA RN H T8RS W(T xR L& (7T /& (/L8081 1 (T /- T(8S.
88,7 &1 /1R S (880 (/TS T # TESNNH(S. TV 48 T, L1 (B8 T
LR (1E &8 1. (/887780 CUS& T /xS /28 <7 VM- s/s &L(t( /T PR
T/ LT (/-7 T V& &M CE% KR <& 1/- (/&S &/ T(1 (/-(T18
SHETS I8(E*-8"8 CY =&, " .&"1" "@"1/-T*'$ ,&'IA 3
"Wo<1% (§(* , & 7'&) CW(T%H T /788 V&S +& 7 /(-8 & (/ & V*I§(/1
SSH(/1H(G. V- 1887 /18 & &<("S(/L BTG (6 (F W -& § "&'e7s 1/- !



78 & LUTRT(E&(NS & VRIS ESUVH(S. V- &S (/L &8N e (4
pZ AR AN 0% N 7 AL O K V¢
B tSe-. 1(L," 1S -& & (/1Y L& - " 1. B g C&eTS(/ ¢ T8
&4 LU/78 TR (1 SIS (1 (TWE -* (/1 T8 -k & L&8 (/T 1(/1
& (/88T LT (15 T8 =&ML/ '$118"3 *USN(/1+('S. /- 1 8&/ &/1(/88 (/1
7778 8"V AM&SC T /78 $ RIS T &T /7(-8 &= *1% *§ %8 1/1".7("3
LS FTSI(/1H('S. (/8 £ (BCL W& &/&CI+'& 1C L 18 (1" "% *'- 48
7 /(-8 8- U&*U& # & E*,D+1"&- #8&-"$ 79" (" / " /18 ! (168 +&71%'8 #
e -& "8/ # &'& & 1/- A& W(1% (7& # & &%, IAAD —-(8( /1™.2 k&
QS ITS( / # T *-& & "&*, M- (8" T&T(LS AN/ HTS( /1Lt Tieg
(/1" (, 178 /SR &/ ( /L, &/ST [3 *&S SHE'E &1* /2 (/3% &' (/ V'$& /1§( &
H( DHI'G- #88-"S 79" CUW(T% 71/ & "17& & &%, +1'& #8&-'$ 79" 1" (/7 &1°8-
(T8, (71" #8&-"$ 79" V. # ., "XLL TU/8) "FL1 4888 7 /2 V/- $h& k™'
1", /=" WIBE/RS U/ CU/*G GTV& A8 L S +( L1, 'S (L D&M (T
7, (WL L@ /- ¢ &S . CI'SE™) & &8N T (T # 78— / T8 'R
T/78& (/13 & "6 #MEHRE-"S 79" 71/ 487 / &88-$ &8 1+ # & (<
TU4 /%10 * (/L TR  8/5. L& VT S TSI E & Y- LT B TR 'R W
BOGN/-"(<TU+ /10 " V& *S("(58-# #< W& 7 /7 &"( /" W/-#(/"™. % & -&"( &-
TH&, (713 & &% &2 (/ 9H(" "$*-. 1"S& /1S( &  -*TH( / IMCI.* S S # , "*IID
$17%= 1C 18 (1" 1/-S&( T/ &( /8 WM&, S (/LA +*(-(/1+ 79" 1/-
BAI™. S SHE -87(8&-  -*TS" V& &N, (/& #  RSN/NEE ¥ /3 1 #1780 $&
TR TR H (/T (NS E NG CEUETS( / #HC-(/L A T9N (1 & § & 1e +. W&
(LU LY, E& 33 & V.88 # /&1 D IR —-&— &, (T!"H
(L1 %% & 8 (-G/S(HE" SU& T &&/(/1 &S E WG +X('-(/1 + 79 TV/-(-18&"
"WRTH- —*& § TG, (71" HS/TH( VG, V- S/ %8 CE' & +(-(/1 +" 79" 1 &
T/(-&8 ¢ T/ &/ S W& (/3% ,8-(1%6 T%&, (71" S (<& & (/-*"$ (1"
SRTSTU/- L =T LA E & F /TR RIS/ F T8RN 416 /WG
QAT SC&" & HX(-(/1 +" 79" S G (/88 L&-(18&" (" TV (&~ *$(/ -& § -&8& , (/&
e . 'S L((/1 T8 R E ShE -8 &' L &/S # 1 RUSI(/14'% T, (71"
(/-*"$ .3



/(GBI 7 #18&/ BIL(J8E (/1 T8 -8 & L&S("T /(-8 8&-§ +&
177, (U&= (/ 95 && "$V1&") 7 /78 $*1" -&"(1/ "$11&2  &'(, (/) . -&'(1/ "$11& V/-
B ' G- -&"(1/"$1183 / 18/8 VISNET L, /&/-D M) (&1 VT (" (58~ $
8V (&G & (/881" (, 1T ##5"D-& & & TR W& T (& (Y CW(T% ! &
(8- 15 Sh(* "S1A& 7 /(-6 SHG KHRTS" # Wh&  7&T'ET *T(/1 (/-8<&" # 1" +1"
Cl (/1 S&/5(12°S$18 " %& (7 5 /& -& "88( /2 V7(- =& “G( /2", 14 1§ / /-
(/-8<&" 8198~ C(S% S8 %&1"S% &'188&-§ <(7(5. 1/- 7V 7(/ 1&/(5. IAG[} / $%& $& %!1/-
CE% "*"SU/V+('6. (/-(T'8 "8 &/ ( /7, 8/81" &# /78" #M& 788" TV 4
& 1"I88— 18 W8 &'(, (/' . -&'(1/ "S11&3  C& &1 J&(HE W& (/-8<&' # #*".D
S8 & TR/ $h e &L (V. -/ V&Y (T1HE 18 e (/81"
7/78 $1 -GN/ U81183 W& & &R (S . & -(H(TFSS *S('(5& W& *T*1" &/ ([, 8&/91"
&4 L U/T8(/-(T18 " ISSUET /78 $*1"-&"(1/ "SVI&F#  CW(Th%&  T&' (/4 L 18( /
("7, (& /. EM& 1C LML (1UISHE  -*TS /- S%&T 7 & (/%S W&, S
I (198 7 (B& (1 1§ $& 7 /78 §*1" -&"(1/ '$11& ! & "L'GTSe- 1" & & "("S&/7&
FONTT* %8/ V- § <(T(6.  # & TE, (71" (/" &= V/- $w& 1§, 1/- 1t
SHTEST. V- 8T 1 TV Sa/8(1" #Sw&  -*T8( / *S&" ZAG[} & "179 #  &S§.
SISUE SR8 & 1KIS( S ESWE &S (/L&A1 (, TS H & THE, (71" G- S SHE *"& # S8
. (71 1/- TG, (71" &8, &S(,18( /7 11, 6% -& & & +. WM&
/(7,88 RIS/ 1&/7.S T 4 A3 e &S F %<& 18
*((G&=§ VUG SHE S (/L8N & H L N/T& B & +( D+1'E- /- &5 &%, D+1'G-
e, (V20 /=7 , V("7 #UR/18( & *98'3  SU& &7 / (71" 7 (56 (1 & 1*1§( /
W& &7 / (71" S&/S(1" HS& ISHCI.T 1 & (/ &'S(11S8-3 W& 1S , /-, 1"" &HH(T(8/7.
TUTFUS /T V& T, "88e- (G & &VTS( /'S (TH( L& (& # & -*T8( /
IBNCT."3 /7 V1——(8( /'S $h8’82 SW& &"1S( /'%h( +8SCE&/ 8 # 88 &/& 1(&" # &ITY( /°
/- $%& &7 / (71" S&/$(1" #SHE *S&T V& (/ &'S(118&-$ -88& , (/& (" *I+("(S. 1" !
B g8 7 (38 (/ 1$S%& T /78 $*1"-&"(1/ "$1183

J8 ESH& L1/, RIS (T CURGTSE- H #F & (/ &SI/ #SM& T /78 $*1
LSS T LS RTS(/ ESRE &L (/Y . &L (" * & A 1/8-( ™
(" "84T8 CH(T% (" 1( &/ V(L% (,  $1/T&+. LN/ U8V-(J1T , V@& E (5 /8
BLMT/L L W& &L (/Y . &ML/ "$118& T (8& (1 CUW(T% 1 & 1778 - 1" &
SSL/1H(G. L8 (TN 181 "8 § W& /aC'. - FTY( /%R # AG

Q



1/6-( " C($% Klebsiella pneumoniae $ NT 1/- Clostridium butyricum §  +T
"1/



CHAPTER 2

LITERATURE SURVEY
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2.1 Top-Value Added Chemicals from Biomass Volume I- Results of Screening for

Potential Candidates from Sugars and Synthesis Gas [1]
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2.2 Process Performance Criteria
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2.3 1,3 Propanediol Production by Commercial and Novel Routes
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CHAPTER 3

METHODOLOGY
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3.1 Evaluation of the Persistence of Chemicals
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s & (T8 RS N/ LIS/ BV THE, (T1"S TV + / —( <(-& 1/- CIS& 1§n& %1/
(J(1" 881+ (68 1/~ W& (/-8<&" # +( -GL1-18( / TV +& T/ &%~ § $(,8&
8O%( &, 8/8 % +( -1 1-18( /2 SH(" , -&" (" "&'&TSe-# & & 1<IS( / # & ("S&/T8
(/ CIS&3 W& , -& -& &/-" /1'% & #AR 3} H( =81 1-18( / &< & 8"
& 1"*188- Th&, (71§ 17%(& & W& 8O*(&- $(,& # *%(,1& /- ().
+( -81 1-1§( /A [3

We & IM T IS -886 , (/& & & "("S&/T& # $h& THE, (71" (/ CIS& ("
8T (+8- (/S8 (1* & 633

We & '("$6/7& # THE, (71" (/ CU& (" -88& , (/& *"(/L 1 '(,("T 1 1%
e & '("RTE(/ NI %e M 11, 1( & (< -(#& &/55. & #, -& &™*§ 1"
& *B KE Ug K(, 168 +( &1 1-18( 7/ H1+(G. , -&  &-(78" 1 +( -&1 1-1§( /
(/-8< CH(T% (" 1$&-# , A3 § B3 CUWTH(/$*/ (7 / &% $ WL 1% +.
/(LTSN & (=TS TESN/S(LAME Y L&A 3 e MS(/1 (/-8&<2 §(, 8D 1, & 1/-
WIMD'HET / & ( /TN & &&SK- (/ 1+'8 GIAD

/T8 G (S (1 TG & SWIS SWE L T<(L %, 1R F ShE WI'E(HE # !
TH&, (71" (/ CIS& (" "88 1" A —1." 1" *1% %68 WISD'(H& # &7V'T(E V/S , "&7*'& ("
C /18 SHI/ SH(* CES 1'% C& &2 -* (JLSWE 11, -& & L&/ (" -8 . (/&-
RIS %% #" /18 WIE'(H& VR (- / § VHRTS SH& &TFSTZA [3 W& WIS 1'% 1 &
TG § T & TG, (71T %6 SR T (& (1%, 1 (B&- (/ 1+'6G3 3



Input to EPISuite:

SIS( /7t HSME W&, (71"

S M T

Run the Biodegradation Probability Program

\ 4

(/&1 E/ /D&Y, -8 &-(T( /"

(/-8<&" 1/-$(, 8D 1, 8"
81— +( -&1 1-1+("6.  &~(78( /

Results of the Biodegradation Probability Program

(L1 E*S(, 1S ( M(/G &*"ST +( -&1 1-1§( /

\ 4

TS S R TG, (71" %S h8(

& "("$&/78 (/ CI8&
(/L N8( +( -&L 1-18( / WIED(HE 1"*8

Figure 3.4 %& 7% "&-$

888 (/& & "("S&/78 #1

wg, , (71" (/ M1S&

Table 3.1 1§(/1 #%%& ( M=/0G *§ *§ 1"*&" 1/- %&( /7 &°( /7§ 1'i#
"<& (/ M1§&
Biodegradation Index Time Required Converted Assigned
Rated by the program for Biodegradation Half-Life (days)
B3 * " JAR
QiB *ry -1 A3 B
Q3 e GG
GiB 1."§ C&&9* INR
G Mé&&9* AB
B M&9*§ , /%" GR3B
3 /%" N
A3 /1& A




SIS/ E (ST (T (V- (L85 LE-(1 V& H81(/8- +. &
SCGIS 7 & M DG S, 1S& +( -&L 1-19( /(" C& */-& /18 +(T 7T /-(( /"
W61/ 1& +(T T /-(( /7 /- (6 (1L & SHIS SHE 1S& # *"(, 18& +( -&1 1-18( / (/
(L 878 (F 1L 8- 1T /& Y & 118 J8D/(/$h SAIPT # $WIS (/ CI8&3 /1 (L, (!
IR H( -1 V-I8( 7 V& VTG, (TI(/ T (Y <(, 1S&". /8D%I" SAI T SIS
(/ CIS&3 %8 & 82 %I"HD"(HE (/ "8-(, &/8 (" P §(, &" $U& W1"8D"(H& (/ C19& 1/ S8 14D (H&
(/" (" SC(7a 18 &"%(, 188~ # CI8& I P[3

Table 3.2 & *("$&/7& (8& (! (/ #He [
Environmental Half — Life (days)
Compartment Not Persistent Persistent Highly Persistent
MI$& e , /% T o, /% gN, /8"
- e , /% f /W gN, /%"
( h -1.* g -1.°
&-(, &/% e , /% T o, /% gN , /8"

/78 & & '("S8/T& (/ N V- CI& V& -83% , (/&2 $h& VS(( /(/1 # !
T, (71" (/ & # * &1 CH&/ (5 (* &'81°&- § W& &/ ( /.,&/8 (" 7 /'(-& 8-
I SRE VS (/L # Y THE, (7Y (L VLT, VS, 88 V- (8 "HRDS(, & (/ ("
CRT(H(T L &-(*, -88& . (/8" & -&1 V-1S( 7 # SH(* TH&, (71" (/ & &/ ( /,8&/% &
SCS (R /B QI8 THEL(TV (/ -(HE &S &/ (/&8 T, VS 88 (°
S88% L (8. TG EY R &=(1T L VS,&/5, <& -8 & &-# SW(* * &
We & &D L *S(,&=(1 L1 H1N/T8 L -8 #FLIT6. L -8 -8 &' & +.
1791, 1/- 7DC 98" &-(78" W&, (7Y 7 J7&/$18( /° (/ & &V &/ ( /1, &/8V"
7, VL8 (LRSI KTy W&, -8 (T 1- /8118 XU (7 S8 &/7& WIS (8 ("
7, SIS /N RTS8 V- (T8 S VTS BTN/, +8SCR&/ T, 1S, 8/ 1/ -
SN JIA D W, <& (TH&= 1T URR) LN (f <& AR (S */ CE%
M SU™ 4D 11, # <SG CUTHI( & A& ">, , 1 . #SR&I™ XD 11"
N



/- &8 #%& 10,70 /. &R CEuME */ & M T3 S( (/TS %8 &
§ —(TEURGHRISF &' (/ FS &S I/- xS /7 EME L, -84
W 1791 & &D  #*LITE. L <& (" ]! / /0RO*('(+ (*, /- "$&I-.D"$1S8
. & -8 & 8- (<& (/8 N8/ '+ *SS%& VSO( /(L (/&L ( 1,881/~ (/8D
LA-(18 177 SISSE 78" "7 8&/(/1'& &NI P[3
g "S&I-.D'SIS& 7 /T&/SVS( /T # &IT% TH&,(TV" (/ & &/ ( /,8&/91"
7L US88 (/T L V(S CE YT &L, (N (SRR * Lk
& (1,881 BL( 7 V& &(T8- +. D& . -& *S((G(/L W& %. (71" /- T8, (71"
&8(8" # 1 W&, (71" IAGD W& %.'(7I" 1/- W&, (71" &S@ V& *& §
8% (/8 SH& $ 1/ +BSCE&/ WM& &/ ( /&8 T, VS, &/$3 & *S('(58-
&88&" V& (<& +&" C CW(Th ! & &'S(,188- +. XD L1, #  *(& Ch&/
e & (""179 ¢ &S.(/E L1 /)

& ' 1C /'S1/S
! 81" &
&3(/1 (/3
81/ "UCISE VS /T &#E(7(8/S
"g7*"1 C(LY%S
MISE " "*+("(.

CohET8 & S@ V& &'S(L198- 18 B i3 %6 *1% Sw& $&, & 1$*& #
L &/SRS (/L8N LE-(1 LY. E AT 1RE2ES(, 18( /7 IS SH(T S&, & 19* &
C(™ (&Y (/(AWSE T R/(/L * "EN

W &L I( 7/  11,t T /(=& (/1 '€ &D  #LITE. , -& 1& */ *'(/1
SGATEDUESN(/LTD WG V&N V& H &, ((/ M&S & T L VS, 8/8 /- & (58 #
W& &/ ( /. 8/8 & &,("(/ M&TETES 1T A 9LM# ' (2CIE 1/-
(2 C(S 08 1", S( / SIS SU& & (" / —(&7S —("TY 1&$ $%& "&-(, &/ %8 "(5& # S8
8 ( 1,8/5(" & &'8/%-CE /& ( /., 8/8%) (/18 "(5& #$%& %( *$1$&Z P[)



*HT8)A 2 9, 7 /SN/(/1A VCIEFP V" (""* 417§
MIS& -& $%)

("-& %) 7,

&(, 8/ -8 )BT,

S, ' UG (7 WE(LUS) A, S (70" GAR(LUS VHHETS&- +.  "<SL/S" &, (558 1S U
ISyt T 178

We, (71" 0. &/8& 5 SW& 7 ., 1S,8/8 &(M& +. &, (( /T 1- &TY( &
LATWI/(T 'S VU8 # TR, (71" +8SCEES &/ ( /&8N T, VS, 8/8 +. —(H*( &
/=7 /D-(#"( & T&E" T 178 (58— +. (/38 L &-(186 5 1/ 1" ——(§( /1™
L0, 8=(1 T L VL&A1 L &' K& & #LVTE. T /T8 S E L1 S/ 1/-
QITS( / CEW(/ W, (71" 7 , 1,878 USO( /(/1 # 1 TH&, (71" +83C8&/
& (1,881 WG (" -&'T (& +. A& 8O('(+ (*, T (88 ( / #8&O*I"#*117¢. (/ 1™
%18 ZAG[3

188%8 C(S% 68& +( -&1 1-18( / %1"8'( &* /- & &D #1175, , -&" &*'¢"
G & 1™ 16— § -83% , (/& & & "("S&/78& # 1 W&, (71" (/ T& SN/ &1 ( /. &/% ("

8% L (/18( /(7 L 1-& -*R S WHE &TFST SN/ ¢, & B8 'S *1% S8
*(6& </ CE% P& VL& " AT M- KT C(L(Y L& - " 1. %g &1 /¢
% (/1 8 HUG (" SIS S8 TUVHTIS( 4 # T, (71" C(h Se H'G

&M 8" (" 1 ("1 (/ S8 (8 15* &3

3.2 Evaluation of the Bioaccumulation Potentials of Chemicals

We 177X, RIS/ H $h& TG, (71" (/ & M. SRR & 11/(Lt ("
88, (f&- +. *'(/1 &(U& *(8& 583 S *(S8 +( T ST88 (/1
4175 781/ 'DCISE VS / T SH(T&/S &'S(L18( /1 N,t TV +8 *'e-3
BOQ 1 RGN (T /TSNS A1TS L8 - 1( (/1 8 T, & &'F'ST C(% % "& 4
(683 W& 1 1T SIS (" £ M C&- £ H( VTTEL RS/ TUVUETS( S # &
&, (V" ("%, 1 (& (/ (1* & G3B3



Input to the programs:

S1S( / HS& %4, (71"

\ 4

\ 4

Run the Bioconcentration

Factor Program
S M T

Run the Octanol-Water
Partition Coefficient
ProgramS: MM T

v

v

Result of the Program:
(7 /784808 /1 178

Result of the Program:
1 (8%, (7 1"*& #
781/ "DCIs& Y §(8( /
7 &HH(7(8/%

\ 4

\ 4

T S e
T8, (71" =*&S S8
HONTTE Y &
%Y 1788 ("8(7"

TS /e
T8, (71" =*&S S8
HONTTR (&
%Y 1786 ("8(7"

Figure 3.5 %& 7% &= &S& L (/& TTEL RN/ #8%& %8, (71" (/ &
(ret e 11/(,"

§ (" (., SIS S TN (H. WM& -&H/G( /T V- oV L&U(/1t

H(T /8808 7 BT S T 1/- T8/ 'DCIS& U S(( / T &H(T(@E/S Sz wmTd %8
H(OT JT8/80S( 7 BITS (T SRR N NS BN TG, (TVYT T 78IS NS/ (/ $HE S(TRE # 1/
10%1§(7  11/(", § (8" 7 /7848 18( / (/ CV& /- (/-(T1%6- $h& 177, *"18( / # &
THEL (71" (/ $h& E - TWI(/YVE (L (1.2 TSI/ 'DCYS& VS(( / T &#(T@/S (1 S
NOX('(+ (%, 18( ESRT JTRISIS( 1 EVT , K/-(/ TS U((T I'&TS (8"
T80/ (/ CI& Sho- (7T WIU&TY 1/- (" C(L/(TV/S & w1 SO /(/1
+8SCR&/ & %o—  W('(T V- %.— % +(T W& (/& & ( /&8 V- WK N+ -
IAG[3  &/78 + S # SH&'& & S(&" -88& (/& PW& 177*,*"IS( & T VT8 ("S(7* #
THe, TV (4 & LV/(CL3 TS/ D MR VSS( / S(TEss 11, *'g
§ LI V1,875 /S(HS( /S T L&k -3 BT/ E (/-( (<F1" 11,88 1/-
1 %' (/2 MM C&&T /'8 *T8- +. *$((G(/1 ,*9( "% &L &"( /" # ,&1"* &

P



I"*g" # & %!/ Q

&7 (87 # (7 /784808 1 T8
e 71T HTIS( /T (88 (1 #
FOVTTR Y &+

148 GIGI $%48 "(, (" #
(-8

T%&, (71""3 %& , &1/ &

$(, 18( /

(58 1 & (48 &/5 #

("1 <(, 198", SANAZA [3

10, (U &< 33
, Sh1$ He 3 /
# S8 T8, (71" (/ H'e 18

Table3.3 (177, *"1§( / "1I""(#(718( /4 & e 7 [
No Regulatory Concern Bioaccumulative Highly Bioaccumulative
eA fA B

"W <1% 1 +( 7 /7878 18( /7 #178
68 T9& , (71" WY (/11 +( 7 /7848 18 / 41T
Cl"-& &' & IAG[3 (" 1/1&#% $W&+( 7 /78/% 18( / #178
1SS / 7 &B(T&SS ("

T /78700 TV #
# 781/ "DCI8&

/18"
108 &S (76- (/

Table 3.4

B8 +( 177* ,*"18( /
1+g G3Q

(77>, </

1"*g "&"" w1/ A

80*( & /  &1*"1$
N TV
/- 8" 11 (S, (7 1"

(<& (/ '8 GIQ# + " C /- %1%
RIS e /18 #  +( 1TTH RN/ /81 ("
HTIS( S # M 1I/- = MM IAQ[

Bioaccumulation Potential

Range for classification

High $&/§(!" 39" 1z moQG gA
Moderate  $&/3(1" QGg" 1z mgGB A g gB
Low $&/5(1" GBg"1l: m Bag

88/ (/8N T I8/ 4
VA NIV LY

+&-& & &~

+(17T*, *Y(

/ +87 L& 'S (78 2 J&C *TV'& 71/

1/18" #%& +( 7 /7875 1§( /#1753



3.3 Evaluation of Toxicity of the Chemicals

<(7(5. #8%& T%&, (71" (£ 10*& *" , &=(1 (" &"$(, 188~ +. $%& *$("(518( /7 # $%&

7 %, ("9 1, kD 11, T (/78 # *(583 & &M
I (" &"&/%8- (/ (1% & GIN3

L, (T8 —(# &/ 8O*19( /° # -(#& &% " &7(1"

1% # 7%, (71" %&'&j &7(1" "I (/7T-&SIT "L L,&USHT / A/(772STT

&UN/- ST % HITSI/S'S UETH &/S & (7 #UE RLI I B L2
(JT™%-& " # "LL&) &/ V(T SHETE L V. 48 1--8- (/ & #45* 8T

C& &2 "VRVICLE&E N (* (/T WA ISR, % K (7
TSSO LR TR 1/-"1: C 1™§"IA [3

108" & L&-(1/ "SI V/- &#&TS T /TS / E Th /(7
TR/ R E VTR, (TV (/G 10*IS(T L &-(VE (M8 &5 &< "< &9(, 8" #
B0 S+ S # 8% 1/- "1 CIRTI CIS& #81° S=1 %/(="T /- 188/ 1"11&3 /7 $W& %8

%1/-2 58 (<&" /" W& TH /(7 V& HCUD & &F &2 W& 10%1(7
§ <(7(6. & V*IS( /(" &# L& *F(/LE  *($& &*""
T1/8<Y, R SNE &S # 8176 "18& (& (/ 148G /

(" S1+'GI PG &V & T4+ & (18 /T FTHIT B2 B 1/- % & &WI"7 /78/8 1§ /2
BH8TST JT8/$VS( /1 /-Th /(T V'™*63 #1/ 1488 "% $'( &-8&< "< &B V #11 *
B80°8 L1/("," V& &< &TS8- S -(Q2 (" T JTR/SNS( /(P TIME&- 11 B 3 # &HETS"
& S0/ -GIH T & +& & EG(TI™&- 1" B IANR % /(7 V<& (" $U& &8s #
T%E, (71" =* (/1 08 "(H8D" 1/ #1/ 1M/, # 1" /I , &< "* &

§ (" (, SU/SS T/ &SR T /TSI V& & 8- (/ 1+'& GB $
& (1,88 T JT8 ST E SHE T, (713 (" (" VT(& & +. $19(/1 (/S T /7(-& 1$( /
/8 L0/ (<& (/ 1+"&" GN E GRS

GA



SIS /7 H & &, (71"

Input to the Ecosystem Risk Program(ECOSAR):

\ 4

*/ $0&

7%,

("9

11,

v

g E

B

Results of the program:

1"*g" 1/-

#("%2 -1 /(- 1/-1&8&/ 1"11&

% /(7

JT/88 18( 1 VR ¢

\ 4

(7. T'VHTIS S HS& THE , (71T %8S $H&( 17X98

E% /(7§ <(76.

1"*g'

Figure 3.6 %2 17% "&-§  &8& , (/& W& O*1§(7  <(7(5. # &, (71"
Table 3.5 AR R S /R
ECOSAR Organism Duration | End Point | Predicted concentration
Class (ppm)
("% PND% B A3 Q<A®
("% AQD-!. B A3 R<A®
&x§ 1" I %/(- Q D% B ABG<A B
1/ 88/ "11& PND% B RRR<A ¢
("% G D-1. 0% AG <A ©
I %/(- AND-1! B ABP <A °
88/ "11& PND% 0% P30G < A
("% S MT PND% B R3 <A°®




Table3.6 11,88 "4 T&E % /(7 <(76. "7 /6 [

Organism Acute Toxicity Value Chronic Toxicity Value
("% PND% * B GD-1. %
I %/(- QD% * B % AND-T.
&&/ 1"11& R PND% * B %

Table3.7 7%&1/- % /(7 <(7¢. "1"(7%( / (& (116 [

Environmental Concern Selected ECOSAR Results

Low <(7(5. "G 8& 17¥8& 18" 1 &gA  , 1I 1" $% &4
% /(7 18 1&gA 1

/. #5%& S && 17*8& 1"*&" 1 &gA3 L, 1N 1/-
eA L1 2 /. #8%&7% /(7 1"<&" 1&g 3A , 10
1/-eA LU

Moderate  <(7($.

/. #9%6 8% && 1786 1"%&" 1 &eAd L 1N 2 /. #

High  <(7(S. WM& T% /(7 1E 1 ge A L1

3.4 Economical Criteria Selection and Use at the Conceptual Design Stage

W &7 / (71" HRIH('G. #  T&& 1S Sw& 7 /78 $*1" -&"(1/ "$11& ("
LTS F TR B VRN & -*TS(/ ISKCL.T3 & & VKIS /&
IS /18( & T8&(/L *E (O VTWE &- 7 /(<& (/1 W& 7 ST & 1C 188 (1"
TS (/17 U8 N - S TS & &/%E3 W& &T / L (71" S/S(1 41 78(/1

LT/ +88< &&= 1)
XC  -*78 & &/*&_ IC BE (1" 'S /TS (/1 s $G3QT

CU& &2 X (" & &7 / (71" S&/S(1"C(h 1 */(5 #KIOL #  —*78

GG



W &7 / (7" RSN E TETENT /T(-& & $h *1% *S SwE 1/1".(" /88"
§ 4, —(H& (/T8 JN/TS (/LTS E /& X/ MRV E/ § (IR
CL& EWE XIS/ *&TWME XTI 4.D FTSSTT /- 1C L1861 (788 TV
$& HV(/8=1 WELX (" & "NT&= 4. XY (/-(TVS(/L SIS L V/RNTE (/1T SN & S §S 46
T /(-8 8- 1S (" TSYIE B TET -8 &' L&/S (/78 , -(H8&- &7 / (71" S/ ("
*e-b TRIL *
We "&7 /-7 /*(=& V(7 (/ SH(" VS (" &'18&- C(% M& / /DY 1(T+("(S. # Sk
e, (T (78" S &H ., PR I/UNCIS ML -&N(& 813 %& (T& (/4 LW( /("
/8- ¢ L e, (71" 1 O&(/1 & & IG[3 W& T 'S /- -&/7(. # (/-*'$ (V"
108" 1/- $h6 —&/"(5. 1"<& V& 1M 4S1(/&- £, H& "(5& 1$* & 16G EGQ[3 #5&
&<V, (/(/1 948 S&TR/(71" 1 V-8 , 1 988 (78" # $U& TU&, (71" +8SC8&/ $& .&! * APPR _
BI (5 (* +'& & SIS SW& (78" 4 S%& TU&, (71" V& /&1". "S&I-. "% C (&
FRTSIS /(3 /T8N (78" V& *§("(5&-# ., 'S #5%& T%&, (71" (/ &
87 /7 (71" U/V(S % <1% (§ (1 &O%(&- § W' & "W’ (T& (/F L VS( / #
7,007 E&T S L1 (N EME TRU(/L *SETITWE, (71" 7 'S (/-8<&” 1 &
JS VNG E RITH S, & B THE, (T T2 SH& *TE E T 'S (/-8<&" #  (/-*"$ (1"
T, (71" C(™ VHI&TS SWE .1 988  (7& # &V TUE, (71" C(®% "1, & &<$&/S W& & &
&7 7 (71" S/ VTS / C($% (78" &'&/$V &US(&T , V(" /H M8
T8(/L %6t A( (/LN (/-(TU8( 7 1+ SR HRI(H('G. HM&  *83

3.5 Evaluation of Atom & Mass Efficiency at the Conceptual Design Stage

Atom efficiency (* $%& 15( # $H& /*,4& £ 1" QTET 1S . &'&/S (/ &
&&= -*T8 S SRS (/ & &1TSI/S'3 Mass efficiency (* $h& 1S( # $w& L 1"
7/ 888§ $h& -&"(&-  -*T58 & ,1"T # &ITSI/ST &/%& (/1 IAG[3 W& & &) SW&
R E IS, /- 1Tt RH(TR/T(8T W' TS 838 L (/& $W& 1, */$ # CI'e- IC
LRI (/Y TRTY B NG GH(T(A/T. # WM& &M (T (LU $%&/ & T #
L& SRTN- (Y, RS E9he 1TS1/8T 1 & C1U8R-d

JOSh(" TSR H(S & NS, M- 1Tt GH(T(EST(& & +( THE, (71" %61 &
T/ (-&8-3 W& VR U&T , 1 & C(% & TVTFISR- 1S L, 1/- 1T GH(T(&/T(&" #
e &5 &, (71" R’ & 1S, 1/- 1T GB(T(&/T. TVTENS( /U2 & &17S( /

GQ



BOXIS( /" 4 SW&  -*TS( /KT V& *FUE-3 N, "G TVTHIS( / 1+ *S e 1S , E
JUTURH(TR/T(RT B &L MR (&= (/ &-(< 3

3.6 The Gibbs Free Energy of Major Reactions and the Economical Potential

W, (++"H8&&/& 1. # &ITS( /T (<& (/F L US( / 1+ KSM&T /S1/8(. #
S8 &I7S( /TIMUES X e 208 &ITS( /(" /S1/& *'3 W& /SI/&(S. # W& &ITS( /T
L (L% %1 & 1/ 8H4ETS (/ &-*T(/LSH&T7 'S #7 /7 &°( /" V-  (-&1 &' &# (1%
87 7 (71" SRS # T&TE'S W& & &G (T &1 /1+&S " 9# 17 g/
+83C88/ S8 # 88 &/& 1. TWI/1& # LI &ITS( /T V/- & &7 / (T S/ # )
78" %83 CRE9H 1T &S /1 & THE&, (T H  CW(Th (7& (/¢ L S( / 1/-
T8 (F LU/ V&Y NI (/ e (58 1S* & 1 & "R'ATHR- IGAD W& (++' # 84
88 1. # &ITS( /" (" TV'T*"IS6- *"(/1 S8 "$1/-1 - #8& &/& 1. #4 ,18( / 1"%G" #
e 1C L 18& (1" /- —*78" +_ $h&# ™ C(/180%1%( /)

G., Gurooucrs  Cacacrmrs  IGB[ 818 Bi EAIS,T SG3BT

rxn

TH&, (V" #  CW(Th (++" #88 &/& 1. #4# U8/ (/& 08( /7 -1§1 18
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Persistence Classification of Chemicals
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4.3 Toxicity Classification of Chemicals
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The number of chemicals being highly persistent and not persistent in air
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4.4 Comparison of the Biochemical and Petrochemical Production Routes With

Respect to Persistence and Toxicity Evaluations
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4.5 Evaluation of the Economical Potentials of Alternative Production Routes
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4.5.1 Propylene Glycol Production
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4.5.2 Gamma-Butyrolactone Production
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4.5.3 Ethylene Glycol Production
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4.5.4 Tetrahydrofuran Production
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4.5.5 1,4 Butanediol Production
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4.6 Evaluation of Atom and Mass Efficiency of Biochemical and Petrochemical

Production Routes
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4.7 The Relationship between the Gibbs Free Energy of Major Reactions of

Processes and the Economical Potential
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4.8 Environmental Performance Evaluation at the Conceptual and Preliminary

Design Stage for 1,3 Propanediol Production

4.8.1 Comparison of Environmental Performances of 1,3 Propanediol Production

Processes at the Conceptual Design Stage
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS
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APPENDIX A

BIO-BASED AND PETROLEUM-BASED ROUTES OF DERIVATIVES

A.1 Flowcharts Linking Commodity Chemicals to Petroleum-Based Feedstocks
and Building Blocks to Bio-based Building Blocks
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A.2 Structural Representation of Bio-Based Building Blocks and

Their Derivatives
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A.3 Production of Building Blocks and Their Derivatives
A.3.1 Production of Glycerol and Its Derivatives
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A.3.2 Production of 3-Hydroxypropionic Acid (3-HPA) and Its Derivatives
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A.3.3 Production of Levulinic Acid and Its Derivatives
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A.3.4 Production of Sorbitol and Its Derivatives
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A.3.5 Production of Succinic Acid and Its Derivatives
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A.3.6 Production of 2,5 Furan Dicarboxylic Acid (FDCA) and Its Derivatives
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A.3.7 Production of Glutamic Acid and Its Derivatives

xS, (7 V(- (" =*T8- %, #& L&/81( /7 # TFLL T3 S (Y & 86— (7 $h&
"(86 16> & $%16 $%& , 1L =*T8( /7 L &7 /(ML LTS, (7 NT(- =& ( VS( & (7 &-FTS( /3

A.3.8 Production of Glucaric Acid and Its Derivatives

ST V(= (1 *T8=# , 1T & C®% <(-19( / # /(5 (7 17(- IA
170 (7 17(- =& ( 19( & 78(%8& +( T%&, (71" / &8 &, (71" -*T8( / %' 1 &
& 98- (/ & "(5& 15* &3

A.3.9 Production of Aspartic Acid and Its Derivatives

DI U§(7 17(- (" & , ST L. /8. & H 1N UST V(- & $& (/ M8
6% 155 83 W& & &-  -*TS( / L& - & DI VY7 VI(- (" & &7/ #
L, /(VCEh s, 1 (TV7(- (/%8 &'&/786 #".1'68&/5.,8 /7 &'(/ #1" 187 17(-
§ (5 -& (19( & 8O*( & -(&7S #& ,&/818( / # X113 C& &2 WM(" *& (" /
7, 836 & C(S & &<("$(/1  *$&" -*&$ (8" (1% 7 "$ ZA[3

AAR



A.3.10 Production of Itaconic Acid and Its Derivatives

KT OV /(7 V(- (& Sa- (4 SH& (S8 IS & 1T #& L&/ / ¢
TU4 G- MR <L LV (7 W/, B /&N EGT /T8 @
S (188" (C /8 &<ITS. 9F C/1 (5 (1 SIE- SRS 1 (L (1 IMCl. #
ho- 18/18( / # LVET V%h.- (<& § 86 Wh.— #% 170 A0, 1 4} 178 /& 1/-
FROU/G=( "1/ tho— 1R/NS( /7 B AV, VAR IS /&S L (- /&1 (1 V(- e
T/ & (7 £V /T8 (=& ( 18( &%

A.3.11 Production of 3-Hydroxybutyrolactone and Its Derivatives

W 7/ &YV XTS(/ # G- <.+¥S. ITS /& (C &, 1T VI(-
&=*T8( /3 %I/ #-&( VS( & # , GMh.- <.+*. "ITS /& V&/ S (=& +.
8 (6% 15% & ——(5( /1.2 8<T& §CD .- <.$88 Wo.— #* 1/ ¥TY( S # , TIS_§(7
8- 1S( 7 EARSU/E A QDS ("ZBART L, L& T -*TS( /0 R E (8 -& ( 18( &
167§ & $& (/ & "(8& 15* &

A.3.12 Production of Xylitol and Its Derivatives

HOG " /- VI(/ " V& %784, %.- 18718 /7 #9m&( 7 & /-(/1
UL T G- V() 8 KT/ <G (T . %R W% (T& #<." &
I %78/ *SET A<V (T V(0 GG V- SRR 1T NG (8- +.
$68, "(56 18* &3

Table A.6  -*78( / #H."¢ " & ( 1§( &'

& (15 & (D+1'&-  —*75(/ %
HT (7 7(- RETS( & <(-19( / #<."6 TA[
VN - L (<00 Al
%."&/& ".7 " 18/ (T #<(S "ZAL

AA



A.4 Commercial Production Routes of Products

LLET( XIS/ VTN (-82 0T /G (R YT T VI D, 88 DA

RS /8- ") A8/ 17T " AN, L ADFRS. NS /&S T2 MRS (7 07(=2 LV /(7 17(=2

DL&." . (- /& S T GMh.- <.$8$ V.- #1170 AB  &/S1/&~( " AG
1/8-( " V- G/R1.T "V & & $8- S8 (8% 1$* &3

Table A7, ,&7(1" =*785( /7 *8&" # 7.1, (-& 7. /6(& 7.7 (-
D &$6."DANQ  *$1/&-( "1 $%."8/& ".T " ) LT (=2 /(T

7(-2 26D .- <.88 Wo.- #* 1/0AB &/S1/&-( NG 1/&~( "
8/8 T

& (19 & » L&Y KT/ *8E

7., (=& - 18/0( 7 #V7T /S (6B [

7.0 1 <(-18( / #17 "&/ IBO[

I+ /."18( / #1788."8/8& IGAEBQ[
(U7 /(8 ('8 IGAEBQ[
QITS( / $9836/8 1/~ % ,1"-&%.-&1 P[
<187 ¢ 8s&BQ

&h.- 18( / #"178(7 17(- 1BB[

AQ *$1/8-( " & & 78D &ITS( / #1788."64/& C(S%
§,1"-8%.-& B EBP[

<(-1§( & 1788 <."1§( / #AIGH*$1-(8/& 1 P[
8D - LM/

"7 % "B [

QITS( /7 #  "&/& /- VTE(T V(-1 P[

(&78%.- 18/08( / # , V&7 V/%.- (-8B [

AAP



Table A.7 (cont’d) , ,&7(1"  =*78( / %' # 7 .1 (<& T ." /(&
7.7 (=2 D &.DAQ FSI/e-( 7 $h.e/E T

U7 T2V /(T () 26D .- <.86$ 1%.- #*1/2
MB &/S1/&-( NG M&-( " 88 LT
0%."8/8& ".7 " - 18/18( / #8$%."8/& <(-& IBP[
<(-18( / #88%."8/&1 P[
776 (% .. <(-1(/ #  ."&/8&IBNEBR[
AN <(-08( 7 Heh."&/8 T P
1,1 *5. "I75 /& 8h.- 18718 /7 #11, ,1I+*S. (717(-IN [

<(-18( /7 #9388 1%h.- #* 1/ N [
- WS ETTIVT V(T V(-
1/%.- (-& IN ENA[

U7 1(- QI8 /& S (,&M."8/& T.1/(-& C(%
ho- T (717(-IN [
QITS( /4 c@ = Y- "/
10%& ** , &-(1 ING[
6D .- <.%6$1%.- # 1/ 151" (7 -&%.- 1§( / # +*$1/& A 2Q §( "
IBA[
/7 (- - F T 0787 V- C%

.- T (7 17(- INQ[

Q175( / & C(S% ,8&%." 1, (/& 108[

AB &/$1/8( " = TM(tOESES V.- #FEE 1T 4 " ING[

NG 1/&( " 15( /7 #17 "&(/ 1 Q[
= E L8/ HESh.8E <(-&1 B

N ~ "(" % "8/&IGR[
— 18/ 7 #-(h.- <.1788 J&IGR[
151" (7 %.- 18/18( / #"178(7 17(- IGR]




APPENDIX B

DESCRIPTION OF SMILES NOTATION & BCFWIN

B.1 Description of SMILES Notation [12]

(s "(H&= __ &7 S <Y _(f& S5 . "%, S T/ 887 & &&/8°
, &7 TG RTEF T 1TSC D (L, &/ ( /Y (78T & #W& , "€T*&T-1C/ /1 1 &3 $
&IT & W& , "&TF'&T V/- & & 1TV T%&, (71" "1/1*118&3
/Y /7 , & # atoms S-&"(1/'8&- +. 1§ (7 ".,+ "'T2 bonds?
1 &/%&*'&" S  branchingl? /- /*,+& " $-&"(1/!%& ring opening and closing
positionsT3 M(§% $%& &<7& $§( / # -&"(1/1¥8(/1 (/1 “(O( /2/*,+& "V &/ §*T6- (/
/ $18( /3

Atoms & &'&/$&-+. w&( 18 ,(7".,+ "3 (/'$1/78)
mn+/

("

/6 18/
( *#*
("

& 1/-" C& TG 888 " V& (, SU/S ™ 1"( WIS(T IS " (/ & 'S *7¢* &'
1&C(88/ (/ & * & TUF CUG &I 1 187 /& 1 & &/38 & (/" C& T1"& "8$%& ")
X OGS &L (S L8 - K& LTV LIS 181 <180 R V- R,
15, "3 M(%h S8 &<7& §( / #%.- 18/ 1$1TH&-§ V(WIS 1 L7 /(5 18/ C(h !
U8/T8 . &SN/ dGLY.— 18/ (*/ $&/3% &- +. & *TEY  MC & -(&TS. T , "888"
%8 80*(&-%.- 18/ 15

A A



8<l, "8)

Chemical Name Molecular Formula SMILES Notation
1/& GD D G
» &§W1/& GD D
1/ " GD D
S, (/8 GD D D
& &<, "&" # $u& /S /7 V& (e / Sné <!, "&
11&ZA 3

Bonds ! & 7'1"" (& 1*) "(/L'& + /-0 - *+'& + /-2 ("& + /- /=1 14T
F /3 (1% + /=T V&S §T CF M- xR (8883 /(98 (/1'% + /-1 - <+ 1/-
§( "8+ /=" " Ko 48 - (L/1S8- 4. PHE L L+ "D FH& 4 /- (0 & &'E/R- +. W&
BO*IS. "L, + " e =S (e /- (C % Cf 4. G /X4 L+ "0 L I(T
/W &N /3 S (P C/ 4. ] C& TVEESE N M- SF 48T 1 & e S
(/-(716 & (/1 &/(/1V/-T" (/1 '(( /7% <V, U8 # & -&T(A/1S( /T re
g Ch)

Chemical Name Molecular Formula SMILES Notation
$%."8/& c c
L"&/& c D G C
D *$&/& GO c D G C
788."8/& _p D 0
7." /68 (& cC p cC o
&/58/& @ TATTTTTA

Branches ! & "% C/ +. 1 &/$W&"&"3 W& (, $1/8 (/8¢ + V/7%&" (" $%!1$
/ SW8( 7 #%& , "€7*'&TV/ / §+81(/ C(8% $w& 1 &/%&"&"3 &<, "&



ST YARLE JSS(/ T LE NS, W, & /8 + 1/TR
/TR VRT 8= 1" T /8T & (' # VE/SHE'R"Y ESN&+ V/TH (T T /7878 $ S8
TV /Ch - "% $("&+ /-0 TV + /18 1+ /=" + " V- W& T /875~
TU+ /"% %"= 48 (/T8 (/ & ' &/M&'&  (/S/T& ¢S T (C (/T &1R (8
oo 48 & (L/16-1" Sc T 3
1§ JS8( 7 BV, RTFE TV 48 (/% 888~ (/ -(HE &S H L
Wk " C(/L &Y, "G ("*US 188" + S & + V/TUH(/L /- SH& K& # -(H8 &/S ST &TS
1/- 1778 S48/ $18( /° # (" +%5. (717(-)

Molecular Structure SMILES Notation
G ST S T
{ { SIS TS T
_C Sc T ST
{ cSTST

Isobutyric acid

wg *'¢" 1 "(&-$ C (& 7.7(7 'S *Ts* &' 1 Q)

TUT USRS & JETRTEISE /FL 48 (4 <& S (/-(TVS k& ST S(/1 1/-
6 ,(/18(/118 , #S& (/13

g, /%, +& (/-(TIS(/1 "SYS(/1 1/- $& L(/IS(/1 1S , " *'- +& "1, &S "% C
OIS TG 1S LT N &T //8T88-$ &1TH &3

R8T V8 G/ G- (5 L &-(186". # , SK& IS LTS " C W& 'S 8(/1 1/-
&, (/181§ /7

170 /%, +& $h1$ (" *"&- ,*'$ 1 &1 $C(7& (/ 48 &/3( & / $18( /3
B8V S L (/IS(/LNS L (T JIRTSR- S $K& /% 4B G- 1S, SHRS)
W& 1S , 71/ +&# ™ Ch- C%SC 7 /'&7T*%( &/* ,+& "

AG



"C(/18<Y, "8 (/-(T156 $HE *TE # SWETE &/T (/1 *'&'3 W& #( ' &<,

&

(/-(T188" S8 +&/58&/& *$ *78* & 1/~ (3" / SI8( 7 V/- & 8T /- &<1, "& "% C"

$%& *§ *78* & #/1 WSN1"&/& /- -(#& &/S/ SVS( /T # /1 %$N!1"€/&3

Terminate

$1§( /
TATTTTTA

Figure B.1  "&7*"l §*7§* & 1/- $18( / # &/5&/&

! ! !
ey 1 1
$18( /°
TATTT 77777 TA

1A TTTTTATTT7
1 TTTIATTITTA

Figure B2 "&7*'1 §*7$* & 1/- SIS( /* # 1 UgHI"8/8
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B.2 Description of Bioconcentration Factor Estimation Program (BCFWIN)

M &'8(, 188" & +( 7 /TSN /TS S T kY 1YTT ., */-
<L T, </- "1 T8/ DCISE VS(S( / 7 &B(T(&/$ St CT o 'S(LM8( /
LA - "L & LV, (/T8 SME TV S BVT L <=V &(WE ( /(7
LI T ST, <TG TN 4 <TI0 R ST V(= - e /(7
17(="21/- T%1 18- /(6 18/ 7 , */-"S/(6 18/ C(% ! dB 1"&/7& "*Tt% 1" 0%18& /1 .
V. /5,7, /=T & T, K/ LATIT(EE- T/ /N /(TIA I3

IITT ., K-V &-(T8- +. Sh&HE ™ C(/L1 &S /()

"1 c RR"1:CD®R d *, ST 1z CA} § R3T S 3AT
"1 CDAGR"1:- CdAQRQd *, S(TS"1:z CgRIT S 3T
"1 c B Fl1:zCeAT S 36T

CU& & *, S(T("SW& ™, ,08( / #'$*78* 1"7 &78( /417

/77 . */-"V8 &-(TR-1"#" CY)

"1 c B $1:z-CeBT S QT
"1 c RB "1:-CB § N3T S 3BT
"1 CARB "1:CN § RT S ONT
"1 c A3 $1:- CR}§ P3T S RT
"1 c B $1:-2CghRT S 3T

AB



APPENDIX C

SAMPLE CALCULATION FOR ATOM AND MASS EFFICIENCY OF
ETHYLENE GLYCOL PRODUCTION ROUTES

§ . /- 1Tt SHTE/T. &S # e.8/& 10T <FTS( /MR 1e
&&= (/148 QUGG (/ 3

C.1 Atom and Mass Efficiency Calculations for Hydrolysis of Ethylene Oxide
Route

CH,O HO HOCH CH OH S 3AT

S, &#(7(8/7.) NumberOfAtoms  esentinThe oducF <37
NumberOfAtoms  esentinTheRawMaterials

L+ /8BI@/T)A V2 - 18/ 8BTE/T)A V2 <18/ 8#(I/T)A

1" g4(7(8/7 ) TheMassOfThe  oduct S 167
] " TheMassOfTheRawMaterials

N g WImoleEthyleneGlycol

1" &H#H(7(8/7 .
7t ) QQg I'moleEthyleneOxide A glimoleWater

C.2 Atom and Mass Efficiency Calculations for Hydrogenolysis of Glycerol Route

C.HO, HOCHCH OH CH.H S 3QT
§ , &H(7(8/7.)
I+ /8H(T@/TINRVY .- 18/ &#(7(8/7.)RB V2 <.18&/ &##(7(8/7.)NR

N gWmoleEthyleneGlycol

1" &(7(8/7 .
7t ) P gWmoleGlycerol

NRV

AN



APPENDIX D

JOBACK METHOD FOR THE ESTIMATION OF GIBBS FREE ENERGY,
ENTHALPY OF FORMATION AND HEAT CAPACTIY VALUES [36]

W &-(78( /8O*NY( /¥  (++ #&8&J& L. #E L1 /()

G,S P KT BG3 MG SUIl, "&T ZGN[ S 3AT

JCHE & (SH& /*, 48 EUGRITH L * (/78— (/ &S FTS & 1/~ G, (" S8 " &T(H(T

1 % 7 /87 #&17%1 > § #8&&&/& 1. T%I/1&# $0& &I78( /3

W &-(7S( / &O*VS( /T #  &/SRY" . #E LN/ 1/- %EIS TV 17(5. &S(, 1%( /*

)
HSP KT N3P ST Sou, et S 3T
j
SiT SiT
Cpi R GR3PG O b, 3A T
’ ‘ S 36T
e, GPAA T d, INA TS
j

i
/= Y/-T (U, -

/&S WU, & L MR K T ISR
88 1.0 8/ . ##

**§- I6N[3

(++" # &&
LI 7 1/- %&IS 70 17(5. &"$(, 18( /7 $h& T(S&- &#& &/T& T/ +&

AR



APPENDIX E

ASSUMPTIONS ON GLYCEROL UTILIZATION METABOLISMS FOR
1,3 PROPANEDIOL PRODUCTION PROCESSES

E.1 1,3 Propanediol Production from Glycerol Utilizing Klebsiella pneumoniae

T 48R E L, (1% & AL 178 " RSC(BIS( / L 881+ (. # Klebsiella
pneumoniae  -*7&" "*T7(/(7 17(-1 "VTS(7 17(-2 # 1882 &I/ "2 1788(7 17(-2 G
FRUG( 1 & +.D TS (/ N-=(8( / § & -&7( &=  -*TS A 1/&-( "3 8
e S( /7 F S& &ITS( /'S (TH( L8 . (C 4178/ $h& Sk& W(1UE'S (&'- # W

e-( " -*TS( /3 %& L I<(L*, (8- # & MS(GYS(/ 4 178 ("
boo<(L 188 R, M, M ELMTR /- AR (&S 1/&-( " (&' (" &< &TH-
CO% 17837 17(- V" W& /. +.0 *T5(/ 1-=( /7§ 2 1/- CI863 %& & 1™
778/ #178 (U1 <(, 18-+, $HEE ™ C(/LS (TW( &8 (7 &0%1S( / IG [)

GGlycerol PDOWGT CH,COOH CO H HO S AT



Glyearol

J_J NAD

H0 wnnu 2
Dihydroxyacatane

ATP
3-Hydraxypropionaldohyde ADP
NADH 4
Dihydroxyacetonaphosphate

Nab ADP~~ NAD
- .ﬁTF$ HADHZ
1.3-Propanediol INADH; 2NAD
Phosphoenolpyruvate 7 -H— - [ﬂicdnic acid

ADP Eﬂ?_ ADP ATP
ATP q

NADHz NAD

[TZ_ Pyruvate L"—* !Luctit. acid

}—' Formate
! Coh
Co 2
Acetyl-CoA

NADM3
AD

Acetaldehyde N

Pyruvate
2C0,

Acetoi
NADH 5 Aﬂﬂ"'l‘@ ceton
ADP HADH:
NAD
F ATP NAD

Ethanaol
Acetic acid 2.3-Butanediol

Figure E.1 %& /'& +(7 ".7& " $("(GY( /7 &1+ "(*, (/ Klebsiella pneumoniae
6 [
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E.2 1,3 Propanediol Production from Glycerol Utilizing Clostridium butyricum

"8 "('(GYS( /L &TWI/(, #  Clostridium butyricum (" "% C/(/ (1* & 3 3
§ 71/ +& "8&/ & , (1 & 3 SIS "I7SISE2 &1/ ") VTESNSED +*5. 182 %.- 18/ /-
V4 [ —(<(-& V& $%& +.D  -*78" # 1".78& " <('(GIY( /3 C& &2 "1+ 1§ . 718
8< & (,&/8" "% C SHIS 176186 1/- +%3 188 V& # */- 1" & +.0  -*78" I N[3
S /1M ARSLNSE T STRISNS( S (0 FTRIML T /(-8 1 (L%E& $h1/ 1788188
T II8/S VS J3 £ & RS, VSR (CSHE /UL +. TSR/ WS (&'~ £AG /(" ("
68 (LUE'S G &% &2 T /T(-& (/1 $H& .(&'- V& (-& +. $%& "(6& 1$* & 1( &/ (/
148 3A 1/- $%& &ITS( 7 L&+ (", C(% Ph(" 1*'*, §( /2 & &17S( / &0*1%( / ("
<, 158 17)

NGlycerol QPDO®GI CHO CO QHO $3T

Table E.1 $81-.D $18& (&'-  &#(T(&/8" -* (/1 /1& +(7 (/16D $11&  /$(/* *
& L&/88( / # /-*'$ (1" ".78& " C(§% Clostridium butyricum Z N[

ST w S1 17T y S11%7 «y S117T a S11MT

3 I QR BB JAB I R

AG
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Dihydroxyacetons F-Hydroxy -
RTP propionaldebyde
i t:ii ADE
Dihydroxyacetone-Phoaphate pan’

[1. 3- inmmm-]

GLYCERARLDEHYDE - 3-PHOSPHATE

HAD +
i NADH
H 2 ADP
WADH
W*r 2 ATE MRE *
A Al £
LN N
'y = .-\\in A
HADOH . ¥ | e HADE
.. ,1&? C:?' P g - R 'r{:;: mﬁfif;? =2 e
i Mrad [
- v 26
HATH ACETYL-Cod Bl
MAD* HBSCah
- ~
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Cratonyl-Coh
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Pi
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Butyryl-Phosphata
ROP
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Figure E.2 &1+ "(7 1$%C!. # ".7& " C($% Clostridium butyricumZ N[
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APPENDIX F

SAMPLE CALCULATIONS FOR 1,3 PROPANEDIOL PRODUCTION
PROCESSES

F.1 Block Diagram Representation & Sample Calculations of 1,3 Propanediol
Production from Glycerol Utilizing Klebsiella pneumoniae DSM 2026

/7(=& (/1 S48 #1S* &1 =& (L/ +1*(" 1/~ &ITS( /'S (T( .88 .21+ 79-(11 1,

#  $%& Klebsiella pneumoniae N 7&"("-1C/3
* & MI1S&
* * (#(&-
M1 e s 5 a1 P HTI8( / ("(*75
: &8~ : ——> 3 — >
1 ("*$( / 3 4 /($ 5
Stream 1: R C§V 1'.7& "EG C$V CI$
Stream3: PC§V 1".7&¢ "EPRIACSV Cl$
Stream 4: AIG  1/&-( " 178$(7 17(-2C18& 2 2
Stream 5: PP3R C$V AlG E 3GCSV Cl
Figure F.1 " 79 (111, & &&/315 / #AG —*78( / C($% Klebsiealla

pneumoniae N

1+'% A &8/ & (/88 1/- *$ESTSEY, T . "(B( /T & &ITS 3

AG



Table F.1 /'¢ *$& $&', ., ‘*((/7W/- /81" . 1"¢"# AG

-*78( / C($% Klebsiella pneumoniae N
. 185 /S, "&IT / *§S, QT *§
Soulr, "&T SOu, &t

T N3P A D D
AG D D QN G
788(7 17(- D D 3 0
D D 3G B
AA B AA R3G N
D D G R

/e T+ &SR ([ -& S A1/ BhE &/PRIT L 1RGN 1/- &# % SH8
TUTRUS( /") ShG BHG &/TE "SISE TRIAT( /" *'- +& L 1-83 &H& &/T& SIS (" "&'&THR- 1Y)
ST SIT ST21".78 "STIITE(TVI(-STI/-  SITIS Bi EAIS,3 %/
&/SA1" . 1ETE AD RU&TITFISR- # $HG -&"(&- %6, & 1% & 1M.7& " 1/-
MG /& A/IRY L B L NS( 7 1/- RIS TV N7, 1UeET 1 g &S(, 1%6- *"(/1
1% 7 /587 8% -3 & &, 1(/(/1 T8, (71" W& 7 & /-(/1 1"&" 1§
& 88 (/ & "(8& 15* &IGP EN [3

Table F.2 /801" . #  0§( /1/- &1§ 1 176 1™g"# W& 1C 198 (1" 1/-

=*T8"
Component | Enthalpy of Heat capacity values Unit
formation a b c d
(kJ/mole)
Glycerol DBNRS3 AQ3GB D3 AAG | D 3GG BIGQ ur, “&
<A ™ <A’ -
Acetic acid DQGB3A QB Q 3 BQP DAIRBG Q3PQP u, "&
<A R <A’ -

AGG



Table F.2 (cont’d) /$%!" . # L 1§( /1/- &I§ 1 17(5. 1"*&"# $%& IC
188 (1" /- TS

1,3 PDO 0Q P3RA A 3RQG JAP R D3 Q3QA i, "&
<A R <A ° :

CO, DGPG3B GN3AA Q3 GG D3 R R3QONQ aul, "&
<A G <A 0B <A D <A DA

H,0 0 B3 QST GGION N RN Q DGBPG | 9Ul, "&
<A G <A 0B <A D <A DA

H, 30 3 RNB 3G 3 NP au, "&
<A G <A 0B <A D <A DA

/O 30 (, SI/8S 7 S8 RIS URIS TV 17(S. 1"*& #CISK (" 1'(- #
CI& 1 3 &/TRTVT*I( /"4 "(0%(- C1& V& &# ,8& 7 /(<& (/1 + S %81S
TU N7, V- %S #E LIS/ 18T #CISE 1§ 1888 C(% Wals #E L 18( /
I'%g  # "(0%(- CIS&3 (/1 148 3 1/- $& (/'8 1/- *§'8$ "$ &1, $&, & 1§* &7
&/SHT" . 1RGNN G TITESE- 1T E ™ CY)

Table F.3 /"¢ /- *§'&§ $&1, /%! . 1"%&"# Klebsiella pneumoniae  7&""

78D *Tes S&l, /o (8 /811
A DBNRS  9UI, "&

D BQQOUI, "&

] DQ P3 BOUI, "&

0 DQGQS P OUl, "&

B DGPG3 B 9UI, "&

AGQ



Table F.3 (cont’d) /8§ 1/- *§'&§ $&', /%' . 1*&"# Klebsiella pneumoniae

7&. L]
N D B3AROAUI, "&
R JGON 9UI, "&

VLS E *$8 &Y, T L (O /- &I L 1RGN 88 L. 1T ("
&4 83

Q H !/_ H noutHout nin Hin
QmolesofPDO —L0 B us pigmolesoft 0 —ork)
molePDO moleH O
JGmolesofAceticAcid M I1GmolesofCO M
H moleAA moleCO
3GmolesofH _YONkJ. N3PmolesofGlycerol _ BNRS K
moleH moleGlycerol
AA BmolesofH O _ BiQOkJ
moleH O
H -206kJ /s

"(/1 ClS& &0*(&,&/5 # W& &178 § 98% Sw&k &ITH( / &, & 1% &
7 /U818 (" 71T 88— 1)
H my, Cpo, TFCW&&Cp.,)QA ABOUIOL = 1I/- T)A :
Mgy ) B3 POLI" 1/-1//*1™ . m,, : 4.93 kg / kg PDO.
%7 S #7 "(/1CI&)k 3 <A ®yo1 3
%& &'87$ (75 -&, 1/-) 3 QOMWIOL #AG  1/&( "

"1O0%I8( / G3 N/- 148 GAQ &, ("( /T -*& S T (/1 Cl& *'& 1&
TR /- &8 (1 14 303

AGB



TableF.4 ,(""( /" # 2 /- -*&$ "&1$(76. “&¢ *, (/1 ¢

"(/1 M1$&
H
91491 ALG T 91491 ALG T 91491 AlG T
A} <A ® N<A® 3 <A P

e &ITS &I /T V& T, 8880  -*TSUS&V, &/S& TS 1 * (HTW( /
*/($) CU& & AIG  1/&~(" (" *(#&-$ PPRCSV  1/&~("1/- 3 GC$V CI%&}
W+ ('(/1 (/5 #AIG  1/&-( "ISAIS, & "* &("BAQIAB ZIQ [3 § (" I""*, &- WIS
AT8S(T VT(= W/~ L S H%& CISE Y0 K- +& &, &3 %& RIS # 1 (518( / 1/-
F (/L (/$-181E 1TB(TVI(-1/-CIE V& &'/%R- (/ '+'& 3B

Table F.5 &1§ # 1 (518( /1/- (/1 (/8 '$'¢ 7887 7(- /- MIS

", , (71" &15 & U (515( /S9UN, & (/1 (/85T
788(7 V7(- QiGP 9UIl, "& GPAIGB
MISE Q INBNOUI, "& GRGIAB

Table F.6 &S &0*(&,8&/8"# 787 7(-/-MIS& &, "¢ &  -*T$

$ &! [ ]
s, (71" * 4% B, GRS &, & 815 60*( &, &/8
788(7 17(- G, 8T G GROUI, "&
MI%E AA NPQ , &I QGINQ OUI, "&

815 QO*( &, &/ SWEH(/1" * (H(TVS( /& 1S( /(" TV'T*188- 1" BAL N OUI"S

AGN



&1, 118

; He . BR N kI

weam C CA 3RN 91173
.. RNQIABKIIkg

m

L %/S F 'SR, *'e- & 91 # AG 1/8-( ") BGINR 91 "$&1,191 # AG
1/8-( "
We7 'S #'%&1, ()k 3G 9L #AG  1/&( "

LT/ EME LT &S /UK DI T 4R /18 A( &/ (/ 18 IR

Table .7 ,(""( /" # 1 2 M- g 1§51 1T ax /8 (4
W& &I7S s $&!,

H
S91I91 AG T | S91I91 AG T S91I91 AG T S91I91 AG T

WB<A’® N3GB P <A A} N<A?

%& &"*'§" # & &'&1°&" -*&$ (&7 /-1 &, (C( /T V&R, LT (B&- (1 1+
33

Table .8 ,("*(/* # 02 1 /- 4-*&% 6. "11& * (/1

AG 1/6-( " -*7%( / C(%% Klebsiella pneumoniae N
H
591191 AG T | 591191 AG T 591191 AG T | 91191 AG T
QB<A’ N3GB P <AC A3 N<A?

AGR



F.2 Block Diagram Representation and Sample Calculations of 1,3 Propanediol

Production from Glycerol Utilizing Clostridium butyricum F2b

We+ 79 -(11 1, & &'&/SIS( / #AMG  1/&( "# ., Clostridium butyricum
PO MR-/ (1% & 33

* & MI1%&
(48— 78 i (#,‘f;;
M1 2 a7y |sat, | e/ | -
] (" / 3 4 /($ 5
Stream 1: R C§V 1'.7&¢ "EG C$V CI$
Stream 3: P CIV 1".7& "E PRIACSV CI$&
Stream 4: AlG 1/6-( "2+*§. (7 17(-2 C18& 2
Stream 5: PPIR C$V AG E 3GC§VCI&
Figure F.2 " 79 (111, & &'&/S1( / #AG —*78( / C($% Clostridium

butyricum +

1+'% P &M/ W& (/8S 1/~ *$ESTSEY, T . C(B( /T & &ITS 3

Table F.9 /') *$'88 $&!', . "O( /"% & &I178 & 1§( /

, 1845 /S, "T (/ SOUN, "&T *§S, T *$
SoUIl, "&T
78 N3P A D D
AG D D ON 6
5. (717(- D D AIAB 0
D D 16 :
AA QIR AA PG \

AG



846 &/76 "$188 (" "R'ATS- 1T & /& L( &/ (/ & H( TS T8I /SR . 1MRET ¢
BN/ N/-URISTY VTG. IRETE WAG &ITSI/ST1/- TSV RA( & (/ 148 A
IGN[3 /961" . 1™RET # PAG "SEY,T V& TVTAISR- X/l 14 A /- &'8/%- (/

148 3AA]

Table F.10 /$h!" . # 08 /1/- &1 1 176. 1™ g'# $& 1C 18 (1" 1/-

5"
Component Enthalpy of Heat capacity values Unit
formation a b ¢ d
(kJ/mole)
Glycerol DBNR3 AQIGB D 3 AAG | D 3GG BIGQ u, "&
AR | <A’ :
Butyric acid DQRN3IAN GI B JQGBN D INNQ N3QQ ur, “&
AR | <A’ :
1,3 PDO 0Q P3RA A JRQG AP R D3 Q3QA ur, “&
<A™ | <A’ :
CO;, 0GPG3B GN3AA Q3 GG D3 R | RIONQ | Ui, "&
<A % <A B <A’ <A M
H,0 D B3 QST GG3QN N RN Q | DG3BPG | 9UI, "&
<A % <A B <A ! <A ™

Table F.11 /"¢ /- *§'¢$ $&', /%w!" . 1"%¢"# Clostridium butyricum  7&""

/8D TS S&l, /o (8 /81T 1
A DBNRS  OUI, &

D BIQQ AU, &

6 DQ P3 POUI, &

0 DQRB3 N OUI, &

AGP



Table F.11 (cont’d) /'8 1/- *§'&$ $&!', /%! . 1*&"# Clostridium butyricum
78"

B DGPG3 A9Ul, "&
N D B3AAQUI, "&

W (/'GSE *SES TSR, T L (5 /7 /- &SR . URET N & RTE- (/ & &/6 1.

+1"1/78)
Q H !/_ H noutHout nin Hin
AA PiGmolesofd 0 — 0 K omglesofppo 2 e PR
moleH O molePDO
H A3ABmolesofButyricAcid _ORB3 NkJ 3GmolesofCO _GPG3 AkJ
moleBA moleCO
N3PmolesofGlycerol _BNRS KJ_ AA Q3RmolesofH O __BQkJ.
moleGlycerol moleH O

H -471.04 kJ/s

(/1 CI8& 80*(&,&/8 # & &I175 5 988 & &ITH( / $&, & I$* &
7708 (TR 1Y)

H my, CPoy TFCW&&Cpy, ) QA ABOUIOL = 1I/- T)A -
M, ) AA3 N 91U 1/- 32.22 kg / kg PDO.

We7 'S #7 "(/1CI8&)KAQB<A ©y0o1
e &'67S (7(5. -&, 1/-) 3 OMWIOL #AG  1/&( "

LT/ T(06- COh R *T #&RTS (T6. 1 & &%/ (/ 4% A D

AQ



Table F.12 ,(""( /' # 2 /- 4 *&$ '&78(76. ‘&% *, (/1 #

"(/1 M1$&
H
$91491 ALG T 91491 ALG T $91191 AXG T
AG <A F AA <A™ BIRP <A ™

e &ITS &I /T V& T, 8880  -*TSUS&V, &/S& TS 1 * (HTW( /

/(5 CU& & AG  1/&( " (" *(H&-$ PPRCSV  1/&("1/- 3G CSV CI%& )

("(/1 (/S #AIG  1/&( " (" BAQIAB 1 ZQ [3 $ (" 1'"*, & SIS 1™ +%$. (7 17(- 1/-

, S BSHE CISE " F'- 48 &, &-3 W&+ ("(/1 (/8 #+*S. (7 17(- (" QGNIBB = 1/-

(6" %&IS #& 1 18( / (" QGIRP OUI, "8 &I &O*(&,&/8" # +*5. (7 17(- 1/- CISk
&, 1"1& &&/8%-(/ 1+'& G

Table F.13 &'$ &0*(&,&/8"#  *§. (7 7(-1/-MIS& &, V¢ , $%&  -*7$

§&l,
., /- *ote #, &SI (C &, & &1$ &0*( &, &/$
*§. (7 17(- AAB , "&I N 3PGOUl, "&
M1$& AA P3G , &I Q QRIUN, "&

S1" RIS BO*(&,&/8 #  * (H(TIS( / */(S (" TV'T*"1%6- 1" B 1BRP OUI'3 8IS ("
k(G- C(RT, %D (/LG TN ,E &SE 1T -&T (+&- (/ M&H( S 78

&1, "118)
3 H
Mg, C ——C B IBRPKJ 1S cA 3G 91"
.. RNQIABKJ kg

AQA



L R/S E R, *e-
1/8-( "

& 91 # AG

We7 'S #7981, (VK JGAUOL EAG  1/&-( "

(/T HELNTET -* S /18F I'DLIT T

TableF.14 ,("*( /" ¢ 1 1
e /& 1. 88-8&-#

1/-

Ho*&S I

LS/

N A

TS/ F %78 sal,

14 AQ)

1/8-( ") B 36Q 91 "$&!,191 # AG

H
591191 AG T | 591191 AG T 591191 AG T | 591191 A% T
QQ <A’ N3A BRG<A® Al G<A "
%e &'*'S" # & &'&IT&" -*&$ (&7 /-1 &L, (( /T V&R, L, (5&- (4 1+
3AB3
Table F.15 ,(*"( /" & 1 2 /- y-*&$ §('6. "1 (/
AG 1/6-( " -*7%( / C($% Clostridium butyricum
H
591191 AG T | 591191 AG T 591191 AG T | 91191 A% T
QQ <A’ N3A RG<AFC A3 G<A®

AQ



APPENDIX G

TABLES FOR DEGRADATION HALF-LIVES OF DERIVATIVES

Table G.1 &1 1-1§( / 1"'(#& 1"<&" # ".7& " &( W( & (/ (IMIs&2 (" 1/-
&, &/8
" 78 " &1 1-18( / 1H(H&S-1.°T
& (19( & ( MI1$& (" &-(, &/$
"8 (7 (- AB R AR R
"T& " 1+ /18 AP AB G AGB
(1".78 1"-8%.-& 3GR R AR R
1/ 3P AB G AGB
&/e T AG R AR R
A 1/e(" AR R AR R
"= G3B AB G AGB
Table G.2 &1 !-1§( / 1"#'#& 1"&" # " 197 7(- &( ' & (/ (2MIS&?
"1/~ &(,8/8
TLy7 (- &1 1-18( / V(& S-1.°T
& (19( & ( MIs& (" &-(,8/$
.(/ AQ 3R R AR R
G!,(/ 3 AB G AGB
/DD . (- /& 3AQ AB G AGB

AQG




Table G.2 (cont’d) &1 1-1§( / V#'(#& 1"™*&" # " 187 7(- &( 18 & (/ (2
MISE?  ("1/- &-(,&/$

N7 (- 81 1-18( / 1H(E&S-1.°T

& (1§ & ( M1$& (" &-(,&/$

L/ 3B AB G AGB
"LYT /%.- (<& N AB G AGB

Table G.3 &L 1-1§( / V(& 18" #G) .- <. (/(7 7(- &( % & (/
(IMIS& 2 ("1/- &(,&/$

oD &1 1-1§( / 1'H(R&S-1.°T
& (19 &
( MISE (" 8-(, &/$
7.0 (- AG R AR R
7., (-8 Al AB G AGB
7. /6 (% G3 AB G AGB
$%."06 N AB G AGB
/7 1 A R AR R
8. 7 IR AB AB G AGB
MG 1/&-( AR R AR R
("178 /8 N AB G AGB

AQQ



Table G.4 &1 !1-1§( / 1"#'(#& STVT (- & (& (/ (2MISR2
"1/~ &-(,8/8
=TT 7(- &1 1-19( / 1H(#& S-1.°T
& (15( & ( MI$& (" &-(,&/$
" 01 98$ 3GB 3G OR A
1"%71 198"
=T (178 /& 3 R AR R
ST 3GP R AR R
"17§ /&
=T Y1, ) 3B 3G QR A
"178 /8
Table G.5 &1 !-1§( / 1"'(& 1"%&" # §17 /(7 7(- &( W8( & (/ (IMIS&?
"1/~ &-(,8/8
$17 /(7 (- &1 1-19( / 1H(#& S-1.°T
& (15( & ( M1$& (" &-(, &/$
L &8% " AQ Al R AR R
L &8% " AQ 30 AB G AGB
G ,&%." 3PN AB G AGB
GDQ , &%%." N AB G AGB
GDQ , &%%." QN AB G AGB
G &%." . (- /& 3 AB G AGB
S17 /(7 (1, (-& 30 AB G AGB

AQB




Table G.6 &1 1-1§( / V#'(H& 1" &' # & *'(/(7 7(- &( (& (/ (2MIS&?

("1~ &-(,&/8
& *'(/(7 (- &1 1-15( / TE'(B&S-1.°T
& (18( & ( MIS (" &(, &/$
AQ &/51/8—( " AG R AR R
L &% iRB AB G AGB
7.0 (- AG R AR R
D 788" 7.'(7 1(- RB R AR R
D L (/"8 *'(/1%% B R AR R
D 1"t "I75 /& Q3 AB G AGB
718°(178 78 1BQ AB G AGB
(we/ "7 1(- AP AB G AGB

Table G.7 &1 !-1§( / 1'#'(& 1"&" # "$1,(7 7(- &( (& (/ (2MI82

"1/~ &-(,&/8
(7 1(- &1 1-15( / TE(B&S-1.°T
& (18( & ( MI$E (" &( 5 &/$
VAR AG R AR R
B ,(/ DAD *§1/ " 3 AB G AGB
(/" 3R R AR R
(7 7(- B R AR R
"(/& iGB R AR R
(/& AP R AR R
I AR AB G AGB
11, (7 1(- AA AB G AGB
11 (/" RP AB G AGB

AON



Table G.8 &1 !-15( / 1'#0'(f& 1€ #H."¢ " & (15 & (/ (IMISR2 ("1/-
&-(, &/$
H."¢ " &1 1-1§( / 1H(R& S-1.°T
& (18 & ( MI$ (" &(, &/$
0."8/8& ".7 " A R AR R
N AG R AR R
78 3 R AR R
1787 1(- R R AR R
H.'T (7 7(- NR 16 OR A
(<& #%.- <. 3N R AR R
g 1/
Table G.9 &1 !-1§( / 1'#)'(t& S OL(I( & (M1 (/-
&-(, &/$
s &1 1-1§( / 1'H(R&S-1.°T
& (15( & ( MIS6, (" &-( 5 &/$
0%."8/& ".7 " A R AR R
N AG R AR R
78 3 R AR R
AQ  +(51/ 1GR R AR R
B /%.- <11° iGN R AR R
+(-& N AB G AGB
1787 1(- R R AR R

AQR




Table G.10 &1 1-1§( / VH'(& 18" # *T7(/(7 7(- &( W( & (/ (1M1 ?
("1/- &-(,&/$
*TI/(T (- &1 1-15( / TE'(B&S-1.°T
& (18 & ( MISE (" 8-(, &/$
AQ *$1/8( " ASB R AR R
AQ (1, (7 +%$1/8 3 Q AB G AGB
D . (- /& AG AB G AGB
A AB G AGB
RIA AB G AGB
*T1/-(V, (~& AR AB G AGB
“T1(/ /(5 ('& G AB G AGB
AG AB G AGB
A AB G AGB
Table G.11 &1 1-1§( / 1'#'(t& 1"*&" # B &( (& (/ (IMIR? ("
1/- &(, 8/
B &1 1-15( / TE'(B&S-1.°T
& (18( & ( MISE (" 8-(, &/$
B +(" A AB G AGB
B (h.- <. A AB G AGB
8. "* 1/
B *1/ 0 AB G AGB
(71 +1"-8% . -&
B .- <., 8&Hh." B AB G AGB
*TI/(T (- B R AR R

AQ




Table G.12 &1 1-1§( / 16 1"*&" #0GD AR IS /& & (19 & (/
(IMI& 2 ("1/- &(, &/
0 .- <.+%5. "17% /& &1 V-1§( / 1H(&S-1.°T

& (18 & ( M1 (" &(, &/$

/6 - < G AB G AGB

o L/ 3 AB G AGB

G .- < 3 AB G AGB

7 188D 178 /& A AB G AGB

<D 175 /& AA AB G AGB

D *8&/."D 175 /& AG AB G AGB

AQP




APPENDIX H

MARKET PRICE INFORMATION FOR PETROCHEMICALS

o

X

i:: T__

(1reo1wayo yo 6y/¢) aoud yun

years
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JIS( /88 THE, (71

(7% /4

I 96§
APPR 1/-

Figure H.1
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H+

TR NR AR RRR SRR S TY

years

| |
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| |
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| |
| |
| |
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| |
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| |
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Figure H.1 (cont’d)
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Table H.1 %&, (71" (7&" &'&7%&-# 7 /7 (71" $8&/§(1" V7*1§( /*
Chemical Selected price Chemical Selected price
$ / kg of chemical $ / kg of chemical
788 /& JGNQ ."8/81".7 " AA A
788(7 17(- A3 A D&S$%." %<t/ " 3
788(7 1/% .- (-& AA A ."8/& <(-& A3 BR
788."8/& A3 (7% %.- (/ AA
79 156-71+ / A3 PN , 1"-€%.-& 3Q
7", (-& ARN T8 AR
7.7 V7(- A3QBB =% (7 V7(- I B
7." /6 ("& JRQP - 1/ 7. 1/(-& AG G
-( (7 17(- AR Q ) /" JRPG
. /(! 3 &7 1/%.- (-& 3G
/("(/& A3 BR &/ " A R
(" %&/ "D IR /0§17 INNA
*§1-(8/& JONG ($ (7 17(- I P
AN +*$1/&-( " I G (§ +&/58/& JRRA
r7(x, ™ (-& I B % <."&/& G N
P A3BQ %$%1"(7 1/%.- (-& R B
<7 " -1 JAA /81T " A3 GB
%" +&/58/& A3 AG -(*, " IBPN
1" %8<1/& JQRB +§ " JRRA
T <", (/& 3PRN kel I G
*,8/8& 0Q B *x (7 17(- § BG
( Jese T A3QBB "*&/& JGA
1/ " P Q &! A A
$%." 178518 A3 AQ (/." % (-& JQQA
%."8/& -(T%" (-& I N

AB




