SuprpLEMENTARY MIATERIALS

Design of Solvent-assisted Plastics Recycling: Integrated Economics and Environmental
Impacts Analysis

Austin L. Lehr!, Kayla L. Heider!, Emmanuel A. Aboagye!, John D. Chea!, Jake P. Stengel, Pahola
Thathiana Benavides?, Kirti M. Yenkie!”

!Department of Chemical Engineering, Rowan University, 201 Mullica Hill Road, Glasshoro, NJ, 08028,
USA

2 Systems Assessment Group, Energy Systems Division, Argonne National Laboratory, 9700 S. Cass
Avenue, Argonne, lllinois, United States

A. Model Equations for Technologies Used in Superstructure
List of information applicable to all technologies

A.1 Indices and Sets
i € 1 —technologies (used as subscript to variables)
{ADS — Adsorption,
BYP — Bypass,
CNF — Centrifugation,
DST — Distillation,
FLT — Filtration,
INCN — Incineration,
MF — Microfiltration,
MIX — Mixer,
NF — Nanofiltration,
PVP — Pervaporation,
PRC —Precipitation,
SDM — Sedimentation,
SPL — splitter,
UF — Ultrafiltration}
j € J —stream (used as subscript to variables)
{1,2,3,4 ...}
k € K — components (used as subscript to variables)

Nstg € Nstg — Stage numbers (used to subscript stagewise costs)
{1,2,3,4}



A.2 Subsets
Subsets for Technologies
I°ST — technologies with costs
{ADS, CNF, DST, FLT, INCN, MF, NF, PVP, PRC, SDM, UF}
IMEM _ technologies with membranes
{FLT, MF, NF, PVP, UF}
INCST _ technologies with no cost
{BYP, MIX, SPL}
ICONS _ technologies with consumables
{ADS, FLT, MF, NF, PVP, UF}
IRMC _ technologies raw material costs
{PRC}
I°F — technologies with concentration factor
{CNF, FLT, MF, NF, PVP, SDM, UF}

Subsets for Components

Jdapgry — dry air inlet stream to DRY

Jligene — stream containing no solids leaving CNF
Jinij— inlet streams of technology i

Jouti— outlet streams of technology i

Jsldene — stream containing solids leaving CNF
Jtparee - top phase of ATPE

Ki — components k in technology i

Kj— components k in stream j

K’ — components in process streams

A.3 General Parameters

pi (kg/m?) = Density of component k

mreed ($/kg biomass) = Entering feed cost in terms of per kg waste

77 ($/unit) = Replacement cost of consumables per unit capacity in technology i
Asm (KJ/kg) = Latent heat of steam

Jvapk (kJ/kg) = Heat of vaporization of component k

ai = Relative volatility of component k for technology i

u (N-s/m?) = viscosity of fluid

Nstage = Stage efficiency



6 (hr) — residence time in technology i

6 (h/year) = Replacement time for consumables in technology i
zann (N/annum) = (330 days x 24 h/day = 7920 hours)

CO; ($/capacity) = Cost of a technology with standard capacity
Cp (KJ/kg-°C) = Specific heat of component k

Dyp,som = particle diameter in sedimentation unit

g (m/s?) = gravitational constant

nc = cost scaling index (2/3 rule)

Nlabr; (#/h) = # of laborers required for technology i per hour
MW, = Molecular weight of component k

QO0i (m® or m? or m®/h) = Standard capacity of a technology for costing, labor and power required
pi = geometric constant

Tamo (°C) = ambient temperature

Zcw; (°C) = Cooling water temperature in (25)

Zew, (°C) = Cooling water temperature out (30)

cpw(KJI/Kg*C) = heat capacity of water (4.18)

Tsat (°C) = saturation temp

A.4 Evaluated Parameters

SORi (m/s) = surface overflow rate id sedimentation

Ui (m/s) = settling velocity of technology i

A.5 General Variables

Bi = volume ratio of equipment i

Cc,i ($) = Purchase cost of unit i

CFi (m¥m3) = Concentration factor for technologies i € I¢F
Cpuryi ($/h) = Purchase cost of added components (k € KAPP)
Di (m) = diameter of technology unit i

Li (m) = length of technology unit i

Ligost = liquid molar flowrate in distillation column

M« (kg/h) = Mass flowrate of component k in stream j

N = actual number of stages

Nmin = minimum number of stages

g = quality of mixture (for distillation, entering feed quality)



¢c (m3 or m2 or m¥h) = Costing variable for technologies i € I°ST
QCost = cooling requirement for distillation unit

QHpst = heat duty for distillation unit

Qsost = heat required to bring the feed to saturation
AW; (kW/h) = Power required for technologies i € I°5T
Rmin = minimum reflux ratio

R = actual reflux ratio

Uy = Underwood variable

Vappst = vapor molar flowrate in distillation column
wisp,(kKWih) = Power required by technology i per hour
Xmjx = mole fraction of component k in stream j

Notes:

- The ‘uppercase italic Latin fonts (not colored)’ are for variables (values determined through the

solution of the optimization problem)

- The uppercase Latin font and lowercase Greek fonts in red are the specified input parameters
- The parameter or variable to be evaluated is always on the L.H.S of the equation

A.6 Evaluated Costing Variables

Ccystg ($)— Purchase cost of each technology in stage Nstg
Nlbrystqg— Number of laborers of each technology in stage Nstg

PWystg ($/hr) — Power requirement of each technology in stage Nstg

Mstmyg 4 ($/hr) — Mass of steam requirement of each technology in stage Nstg

CRMpygq ($/hr) — Raw material cost of each technology in stage Nstg
CSCystg ($/hr) — Consumable costs of each technology in stage Nstg

int = interest rate for Capital Recovery Factor, estimated to be 10%

PL = plant life expectancy, value is estimated to be 25 years



A.7 General Equations

Component balances:

Z M. = Z M.

JEjin; jEjout;
G-
C0; Q0;

Labor requirements of technology i (N1b;):
NlleOl = NlabTiQCi

Cost of technology i (Q.;):

Capital Recovery Factor (CRF):

_imt(1+in)?"0.1(1+0.1)%°
1+int)PL—1~ (1+0.1)25 -1

Annualized Capital Cost (CCAC):

CRF =~ 0.11

(1.66 = CRF * BMC * Ynstg CCnstg)

CCAC =
100

Labor Cost (CCLB):

(Clbr * Tann * ZNstg NlbrNstg)
106

CCLB =
Utility Cost (CCUC):

CCUC = ((ZNStg PWustg * Cetec + Zinstg MStmustg * Csim) * Tann)

106
Raw Material Costs (CCRM):
(Tann * YNstg CRMNstg)
RM =
¢c 106
Consumable Cost (CCSC):
ceSC - (Tann * XiNstg CSCNstg)

Repiime * 106
Other Cost (CCOC):
CCOC = 2.78 x CCLB
Total Cost (CCTC):
CCTC = CCAC +CCUC+ CcCcMC +ccoc + cCLB



A.8 Adsorption (ADS)

Feed
Adsorption
Adsorbent
>
Solvent Stream
>

Unit Specific Parameters & Terms:
Bpx — binding percentage of component k
EBCT (s) — empty-bed contact time

¢ — void fraction

pac (kg/m?) — density of activated carbon
bth (m/m)— bed to height ratio

Repgime (1) —hours of operation before absorbant media needs to be replaced

Unit Specific Model Equations:

Mass Adsorbed (m,):



Bed Volume (V},):

M
V, = EBCT Z feedk
Pk

kEK]'
Mass of Activated Carbon (My.):
Myc = (1 =€) Vy pac

Actual Capacity (Qc4ps):

Qcaps = bth
Consumable costs:
Tann
— REP
CSCyups = (—Reptime) *Typs * QCADS

Power Required (PW,ps):

PWyps = WspapsQcaps



A.9 Centrifugation (CNF)

Feed Liquid

Centrifugation

Solid

Unit Specific Parameters & Terms:
Nwater (Kg/kg) — efficiency of centrifugation on water
Nsowent (KQ/kg) — efficiency of centrifugation on solvent

Ucnr (m/hr) —sigma factor

Unit Specific Model Equations:
Efficiency Equations:

MSldCNF,WTR

rlwater - M
feedCNF,WTR

MliqCNp,solvent

Nsolvent = M
feedcnr,solvent

Concentration Factor (CFcyr):

M eeq k
o (9

Ml' k
s (22

CFenr =

2 < CFeyp < 20



Sigma Factor Equation, Solving for Unit Size (Qccyr):

M
feed,k
QcenrUcenr = Z (L>

keK; P

Power Required (PW¢yr):

Mfeed,k)

PWenp = Wspenr z ( o

kEKj
Power Dissipation to Heat it About 40%, Therefore Cooling Duty is Required (Mcw¢yg):

Mcwenpcpw(Tewo — Tewi) = 0.4PW



A.10 Distillation (DST)

Condenser
> >
_______ “Refulx_
Feed

Reboiler

Unit Specific Parameters & Terms:

Hgtqge (M) — height of stage

HK — heavy key (Bottom Product)

LK — light key (Top Product)

Ligosr— liquid molar flowrate in distillation column
Nstage - Stage efficiency

g — quality of mixture

T- mean boiling point of the two compounds in Kelvin
to>- boiling point in °C of heavy key

t1- boiling point °C of light key

Tamb (°C) — ambient temperature

Tsa (°C) — saturation temperature

Uygp (M/S) —vapor linear velocity

Vappst— vapor molar flowrate in distillation column

Xmjk— mole fraction of component k in stream j

Top
Product

Bottom
Product
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Astm (KJ/kg) — latent heat of steam
Mapk (KJ/kg) — heat of vaporization of component k

Unit Specific Parameter Equations:

Relative Volatility Estimation (ay):

t,—t
log(ay,) = = - L (3.99 +0.001939T)
Unit Specific Model Equations:
Molar Flow Rates in DST (F; x):
M,
ik = 3w,
k

Molar Component Balance in DST:
D Fie= ), Fi
JjEfeed; Jj€Eout;
Mole Fractions in DST:
Fix

X =25 —
Ik
Yikexpst Fj i

Constraints on Recover, Used to Calculate Minimum Number of Stages (N,,in):

m]topDST,kwhen(ak <ayk) =0

Npin log(ay) = log

Mtoppst.LK N meotDST,HK]

mtopDST,HK meOtDST,LK

Underwood’s Variable (U,):

a’kajlk

1—q) =
1-9) w U,

kEKDST,jEfeedDST

Assume Feed is a Saturated Liquid, Making the Quality of the Mixture=1 (q=1):

akajlk

0=
ay — Uy
kEKDST,jEfeedDST

Minimum Reflux Ratio (R,,;,):

11



e Xm.

R _ k m]‘k _ 1

min — a U
k=

kEKDST,jEtOpDST v

Reflux Ratio (R):

R = 1.3Ry,;n (assumption)

Number of Stages (N):
0.6N = Npyin
Number of Actual Stages (N,.¢):
N
Nact -
stage

Height of Column (Hpgr):
Hpsr = HstageNact

Liquid and Vapor Flowrates (Ligpsr, Vappsr):

Ligpst = R Z M;

kEKDST,jEtopDST

Vappsr = Ligpsr R D" My

kEKDST,jEtopDST
Column Diameter (Dpgr):
D _ 4Vappsr
DST ﬂuvap
Costing Variable of Column (Qcpsr):
n 2
Qcpsr = ZDDSTH

Calculating Energy Requirements of Initial Heating of Feed to Reach Saturation (ESpsr):

ESpsr = z Mj,kak (Tsat = Tamp)

kEKDST,jEfeedDST

Heat Duty Required by Reboiler (EHpgr):

EHpsr = (1+R) z F MW 2P

kEKDST,jEtopDST

12



Cooling Duty Required by Condenser (ECpgr):

ECpsr =R Z F MW 2,"

kekDST jetoppsr
Mass of Steam Required (Mstmpgr):
MstmpsrAsem = ESpst + EHpgr
Mass of Cooling Water Required (Mcwpgr):
McwpsrCpy (Tcwoye — Tewyy) = ECpgsr
Variable Bounds:
Ninin 2 Ypst

Rpin = 1.01ypgr

13



A.11 Membrane Models (FLT, MFE, NF, UF)

w

Membrane

e Retentate
Feed ‘

Membrane models include:

Filtration — FLT

Microfiltration — MF

Nanofiltration — NF

Ultrafiltration — UF

Unit Specific Parameters & Terms:

MEM - subset of technologies which use the filtration model (FLT, MF, UF, NF)
¢k rr (kg/kg) — retention factor for each component k in filter MEM

{pr (M¥m?hr) — average flux across membrane

mREF ($/unit) — replacement cost of consumables per unit capacity in membrane technologies
Repsime (r) —hours of operation before membrane needs to be replaced

Unit Specific Model Equations:

Retention Factor:

f _ MTEtMEM,k
k,FLT —
MfeedMEM,k

Concentration Factor (CFygum):

Mg eeq
e

M
Tuer, (T5%)

CFygm =

lower bound < CFygy < upper bound

14



Technology Lower bound Upper Bound
FLT 2 30

MF 1 100

NF 0.0001 40

UF 1.01 35

Flux Balance, Solving for Unit Size (Qc,,,,):

M 1
_ feed,k
SmEMQeypn = Z (T) (1 - CFMEM)

kEKj

Consumable Costs for Membrane Unit MEM (CSCygw):

Tann

Reptime

€S Cue = (o) * Tl * Qe

Power Required (PWygum):

PWyem = WspuemQCmem

15



A.12 Incineration (INCN)

T Emissions

Waste Feed Air/ O, Feed

|-
>

N

Incinerator

Unit Specific Parameters & Terms:
M,yqste (kg/hr) —waste feed to the incinerator unit

C (# of carbon atoms/#atoms in mixture) — the ratio of carbon atoms to all other atoms in mixture

H (# of Hydrogen atoms/#atoms in mixture) — the ratio of Hydrogen atoms to all other atoms in mixture
O (# of Oxygen atoms/#atoms in mixture) — the ratio of Oxygen atoms to all other atoms in mixture

S (# of Sulfur atoms/#atoms in mixture) — the ratio of Sulfur atoms to all other atoms in mixture

NEfye; (MJ/Kg) — net energy of fuel oil = 38.9

w (kg/kg) — ratio of air to waste feed in the incineration unit = 4.35

ef finen — Incineration Efficiency of energy production (spans between 30-40%)
Cruer ($/kg) — Cost of fuel [=] $0.81/kg

Convy (s/hr) —time conversion factor for unit consistency [=] 3600

Convg (MJ/kWh) — energy conversion for unit consistency [=]3.6

Cgir ($/m?) — cost of air [=] 0.0004

Unit Specific Model Equations:
Setting the Costing Capacity:

Qci = Myqste

16



Heating Value of Waste Stream (HV,,45t0):
0
HV,yaste = 14.544 % C + 62.208 (H - §) +4.050 * S [=] MJ /kg

Required Mass of Fuel Needed for Incinerating Waste (myy;):
Mpyer * NEpyer = HV,yaste * Qci [S1 M] /s
Air Feed Requirement Based on Waste Feed (mg;,-):
Mair = 0 * 0 % Q¢ [=] kg/hr
Energy Consumed During Process (E.,5):
Econ = HVwaste * Qci [=1 M] /s
Energy Produced During Process (Epoq):
Eproa = ef finen * Econ [=1M]j/s
Net Energy of Process (Eje¢):
Enet = Eproa — Econ [Z1M] /s
Annual Fuel Consumption for a Year During Incineration (CSCiycn):
CSCinen = Mpyer * Cryyep * Tann [=] $/yr
Annual Utility Costs from Energy (E;os¢t):

Eper * Conv
CCUCen = () « Copee  Tann [=] $/yr

Convg

Annual air cost (hydraulics and pneumatics):

M,; $
ACiyen = Cyir * ( palr) * Tann [=] ;
a

Capital cost:

nc

Qc,inen
Ceinen = COpyen * (—C ) [=]$/yr
Q0;nen

Number of laborers:
NlleOL = Nlabrchi

NlabT'INCN = 01



Annual cost of labor:
Nibriyeny = Nlbjycy * Crpp * Tann [=] $/yr
Total annual cost (objective to be minimized):

CCTCinen = CSCiyen + CCUCyen + ACinen + Cenen + NUbTinen

A.13 Precipitation (PRC)

Feed Anti-Solvent Feed

Precipitation Liquid

Solid

Unit Specific Parameters & Terms:
T (h or s) — residence time

Mys_feea,anst (Kg/hr) —mass of anti-solvent added for precipitation in stream j
Tanst ($/Kg) — unit price of anti-solvent
¢ (kg/kg) — anti-solvent to feed ratio for the addition of flocculants and enzyme
Unit Specific Model Equations:
Mass of Anti-Solvent Added for Precipitation (M; 4p):

Mys_feeda,anst = ¢ ZkEK Mg eeq
Consumable Costs for Precipitation Unit (CSCpgc):

— —REP
CSCpre = Tpre Mas—feed,anst

18



Solving for Unit Size (Qcpyc):

M

feed,k
e = |3 Mreeas],
Qcpre [ kekj Pk ]

Power Required (PW,;.c):

PWpre = WspprcQCprc

A.14 Pervaporation (PVP)

Feed

'F2etentat3
Pervaporation

Membrane %

Vapor Permeate
\ 4

Vacuum Pull

Jasuapuo)

Liquid Permeate
>

Unit Specific Parameters & Terms:

k.pvp (Kg/kg) — retention factor for each component k in PVP unit

{pr (M3m? hr) — average flux across membrane

Astm (KJ/kg) — latent heat of steam

Mapk (KJ/kg) — heat of vaporization of component k

Rep:ime (hr) —hours of operation before membrane needs to be replaced

Unit Specific Model Equations:

Retention Factor:

M. ret,k

fk,PVP =
Mfeed,k

19



Concentration Factor (CFpyp):

Pk

M eeq k
ZkEKj( feed, )

CFpyp =
ZkEK]' (

1.01 < CFpyp

Flux Balance, Solving for Unit Size (Q¢,,,):

(PVPQCPVP = Z (

keK; P

Consumable Costs for Membrane Unit MEM (CSCpyp):

*

Tann )

CSCPVP N (Reptime

Power Required (PWpyp):

Mret,k

Pk

<35

Mg eeq k ) ( 1

REP
Tpyp

)

1
CFpyp

* QCPVP

PWpyp = WsppypQcpyp

Mass of Steam Required for Vaporization (Mstmpyp):

MstmpypAsem =

vap
Mj,klk

kEK]-,jEpermpr

)

20



A.15 Sedimentation (SDM)

| |
Feed Light Liqu}id
Sedimentation

Solid/ Heavylb_iquid

Unit Specific Parameters & Terms:

nsom (—) — efficiency of removal in typical sedimentation unit

Dy (m) — particle diameter

ps (kg/m?) — density of densest solid in mixture

pi (kg/m?®) — density of liquid with highest mass fraction

1 (N-s/m?) — viscosity of fluid

My 1501 (Kg/hr) —mass flowrate of the light liquid phase for the solvent component

Mpypgp,.sia (kg/hr) —mass flowrate of the heavy liquid phase for the solid component

Unit Specific Parameter Equations:

Settling Velocity (Us, som) [M/s]:

_ gDj(ps = pL)

U, =
S,SDM 18/1
Unit Specific Model Equations:
Efficiency Equations:
MLLSDM,Sol
Nsom = —
feedsppm,Sol
My gpa.sid
Msom = —
feedspym,Sld

21



Volume Concentration Factor (CFspp):

M eeq k
()

M
Tuer, (2%)

CFpyp =

1.01 < CFpy < 15

Surface Overflow Rate (SORsp):

U
SORSDM — S,SDM
Nspm
Area of Sedimentation Tank (Qcspp):
M; .
Q ZkeijE]iTLSDM W
Cc =

22



A.16 Degree of Freedom Analysis for Individual Technologies

Unit operation Variables Equations Degrees of Freedom
Adsorption 13 12 1
. 18 13 5
Agueous Two-Phase Extraction
. 16 14 2
Centrifuge
L 14 12 2
Distillation
12 9 3
Dryer
_— 12 11 1
Filtration
C 12 11 1
Microfiltration
e 12 11 1
Nanofiltration
A 12 11 1
Ultrafiltration
. 13 12 1
Pervaporation
S 11 10 1
Precipitation
14 11 3

Sedimentation

23



B. Model Specifications for all Technologies

Table B.1. Table for standard capacity, costs, scaling factors, labor requirements for technologies:

Technology Standard capacity = Base costs Scaling Laborers required Power required Consumable Costs
(Costing capacity) (units) (million $) exponent (n) (#/hr) (kWh) ($/unit)
ADS (volume of bed) 32md 0.03 0.67 0.1 N/A 24($/kg)
CNF (Sigma factor) 60000 m? 0.66 0.67 1 19.2 N/A
DST (Volume) 22.58 m? 0.082 0.67 1 N/A N/A
FLT(Area) 80 m2 0.039 0.67 0.5 0.1 100 ($/m?)°
MF (Area) 80 m’ 0.75 0.67 1 0.1 736 ($/m?) ¢
NF (Area) 80 m’ 1.2 0.67 1 0.1 1000 ($/m?)¢
UF (Area) 80 m’ 0.938 0.67 1 0.2 874 ($/m?)¢
INCN (Mass flowrate) 100000 kg/hr 967 0.67 0.1 ~b N/A
PVP (Area) 80 m’° 0.0261 0.67 1 0.33 1000 ($/m?) ¢
PRCﬂg‘(I‘;:Zt'E)e”iC 40 (m¥hr) 0.474 0.67 1 0.1 0.3 ($/kg)
SDM (Area) 2500 m? 1.128 0.67 0.1 N/A N/A

a. This cost is the consumable cost associated with adding in the hexane and salt into the aqueous two-phase extraction unit. The unit cost of hexane
is $2/kg, and the unit cost of sodium chloride salt is $0.6/kg

b. This value dependent on the composition of the incoming stream. Different compounds have different heat of combustions, which will cause
variation in the power required.

c. The replacement time for all filter consumables in assumed to be 2000 hours.
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Table B.2. Utility and labor costs (SuperPro Designer v8.5)

Utility Parameter ldentifier Cost per unit ($/unit)
Electricity Colec $0.1/kWH

Cooling Water Cewtr $5E-5/kg

Steam Cstm $0.012/kg

Labor Cipr $30/laborer*hr

25



C. Parameter Values for Technology Models for Example Case Study

C.1 Components used for Example Case Study

PET — Polyethylene Terephthalate
EB — Ethyl Benzoate

ADD - Additives

ACT - Acetaldehyde

C.2 Adsorption (ADS)
empty-bed contact time (EBCT) — 0.0167 hr

void fraction () — 0.4 (assume spherical particles)
density of activated carbon (pac) - 4 kg/m?
bed to height ratio (bth) - 0.5 (m/m)

Replacement cost of consumables per unit capacity in technology (rREP) — can be found in appendix C,
Table C1

Component Dependent Parameters

Binding percentage of component k (Bpx) - values given in table (unitless)

Component PET EB ADD ACT
ADS1 0.01 0.01 0.9 0.01
ADS?2 0.01 0.8 0.9 0.9

26



C.3 Centrifugation (CNF)

efficiency of centrifugation on water (1,,4ter) — 0.7 ka/kg

efficiency of centrifugation on solvent (nsoient) — 0.7 ka/kg

C.4 Distillation (DST)
Height of stage (Hs¢qge) —1.5M

stage efficiency (nstage) — 0.8

quality of mixture (q) — 1 (assumed saturated feed)
ambient temperature (Tamb) — 20 °C

saturation temperature (Tsa) — 250 °C

Vapor linear velocity (uyg;,) — 10,800 m/hr

Latent heat of steam (Asm) — 2115.68 kJ/kg

Component Dependent Parameters

mean boiling point of the two key compounds in Kelvin (T) — 592.85 K
boiling point °C of Light Key (t1) — 213.4 °C
boiling point in °C of Heavy Key (t2) - 300 °C

Heat of vaporization of component k (Avapx) - values given in table (kJ/kg)

Component PET EB ADD ACT

DST 366.27 114 N/A 582.4
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C.5 Membrane Models (FLT, MF, NF, UF)

Replacement cost of consumables per unit capacity in technology (7X¥) — can be found in appendix C,
Table C1

Average flux across membrane ({z;r) - values given in table (m*m?hr)

Technology FLT MF NF UF

Values 0.2 0.0856 0.2 0.0856

Component Dependent Parameters

Retention factor for each component k in filter MEM (&, .7) - values given in table (kg/kg)

Component PET EB ADD ACT
FLT 0.01 0.01 0.9 0.01
MF1 0.01 0.8 0.95 0.95
MF2 0.01 0.8 0.95 0.95
NF 0.01 0.97 0.5 0.5

UF1 0.01 0.97 0.95 0.95
UF2 0.01 0.97 0.95 0.95

C.6 Incineration (INCN)
waste feed to the incinerator unit (M,, 4s¢e) — Specified by user in kg/hr

net energy of fuel oil (NEf,,;) - 38.9 MJ/kg

ratio of air to waste feed in the incineration unit (w) - 4.35 kg/kg
Incineration Efficiency of energy production (ef fincn) - 30%
Cost of fuel (Crye) - 0.81 $/kg

time conversion factor for unit consistency (Convy) — 3600 s/hr
energy conversion for unit consistency (Convg) - 3.6 MJ/kWh

cost of air (Cg;,) - 0.0004 $/m3
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C.7 Pervaporation (PVP)

Replacement cost of consumables per unit capacity in technology (7X¥) — can be found in appendix C,
Table C1

Average flux across membrane ({r.) - 0.055 (m3m?hr)
Latent heat of steam (Asm) — 2115.68 kJ/kg

Component Dependent Parameters

Retention factor for each component k in filter MEM (&, pyp) - values given in table (kg/kg)

Component PET EB ADD ACT
PVP1 0.01 0.7 0.95 0.95
PVP2 0.01 0.7 0.95 0.95
PVP3 0.01 0.7 0.95 0.95

C.8 Precipitation (PRC)
Residence Time (t) - 6 hr

Replacement cost of consumables per unit capacity in technology (mXEP) —

Table C1

can be found in appendix C,

Anti-solvent to feed ratio for the addition of flocculants and enzyme (¢) — 2 (kg/kg)

C.9 Sedimentation (SDM)

efficiency of removal in typical sedimentation unit (nsom) — 0.70 (kg/kg)

particle diameter (Dp) — 0.005 m

Component Dependent Parameters
density of densest solid in mixture (ps) - 1400 (kg/m?3)

density of liquid with highest mass fraction (pi) - 1340 (kg/m?®)

viscosity of fluid (u) — 8.9E-4 (N-s/m?)
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D. Life Cycle Inventories and GREET inputs

D.1 Benzoic Acid Production (BA)

Mass Inputs ton/ton BA
Toluene 0.79
0. 0.41

Energy Inputs

mmBTU/ton BA

Oil

Cooling Water

1.28E-07

0.08

Electricity 2.40E-06 (kWh/ton BA)
Byproducts ton/ton BA

Water 0.16

D.2 Ethyl Benzoate Production (EB)

Mass Inputs ton/ton EB

Benzoic Acid 1.17

H2SO4 0.23

Ethanol 2.32

Energy Inputs

mmBTU/ton BA

Steam

Electricity

1.28E-07

8.48E-04 (kWh/ton BA)
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Byproducts

ton/ton BA

Water

0.33

D.3 Dye Removal/Swelling

Mass Inputs ton/ton PET
PET 1
EB 1.14

Energy Inputs

mmBTU/ton PET

Steam

Electricity

0.175

2.89 (KWh/ton PET)

D.4 PET Recovery

Mass Inputs ton/ton PET
PET 1.02
EB 1.14

Energy Inputs

mmBTU/ton PET

Steam

Electricity

0.175

5.05 (KWh/ton PET)
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