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Ko IX TR BRI . HIK, Tk
RURAEA R _EFEAR FBRIK, OV EATR IR T
SE 7 RV P o XA R B AT UK B — S R R
B B — B b, X S R 2 B R R R
W7 AR AL B I s B . AN, FEPRSETHALCAD)
MIEOLS, AATAT B A = A RE . e, A7
PN B i BT B AT DO RIS R A B B
FHRIBYIHURENE T TR, XA Bob Bk

MEES50%[1]. 456 YN TRt n N sl i, i
M B g sk A vl A s el AR A . SR A

KRG, XEEPERAE T B Oy AR H 2 ™ B A &
LZE PN I ES RTINS

R 4 B A BEDRR £ S AR A 20 5 S R R A2
Coeee YA R BECR D, ARTTRIR B B
PRK— DT, RHTALEESER T 2t
B RIAE AR IR AR T IE I [9]. A EE T &)
TURVEHI AP HEAT T 23R ML, 0 1K S840 SR I )
AR E RO TR AT T 45k . HAkHud, AT
TC T IR AR BRI EZ I T Tk, B S
I B WA R . onERE AR 55 AR, M
DL e SN TSRS I . B, BATIRZEAIM
B HANG IR AT R B IE ™ o 5, K

K1 DYV

TS IR BT, I ADRA 2 £ Vi S i 4 4k
N BRI RENE. EAERKE, 25Nk, BRETk
AP B R e 1 KB AN BE I ADAR B, BT AR HEBR AE LL 8%
ZAhh e ASCEEREWTL T BVIRFFWIBERE T, EIF5
AHEIMT A . ZWHFURR TR E W EFH Y
BRI — DA ERHE 77 -

2. ARTTE

A =R T AT T 2Rk OB FUIFAI A
FEEr i TN Tk e = AR R T OB TR T
PAAEE R (BRESSN s OB T & LA 1
BEAE = i A e GERIRE T Se R XX Le G W R LA
FHIR 7= AT HOAIT 78 AR Do 3 Tk IR it &
BRI DA B AT A 1R AT S0 £ B 0 BR A i LT 2R B R
PR, 7R E AL S EEAT RIS T, X
] TR A A B MRYEIX LW T 2K, RATBUE
TIA TN B ERDR, HA5 B mRI[10-2517,
Horp 8 & Tk — Bk . 48R & 7 3R Uk
A, AE T A S 5 At T R Wi R AN
FEME, PIWKAERIASIH. 280K RS
YR A e SRR T v AR E X B

Total Readily Hemi-
Industry Resource solids’! degradable ~ Cellulose cellu- Pectin Proteins  Lipids Lignin  Antioxidant Ref.
carbohydrate lose
Potato Potato peels 9% 90% 63% — — — 17% 1% 10% — [12,13]
processing
Coffee Coffee 20%  98% — 9% 37% — 14% 17% — — [14,15]
roasting and ~ grounds
serving
Pomegranate Pomegranate 92%  95% — 5-20% — 5-11%° — — 9% 32% [10,16,17]
juice peels
Pomegranate Pomegranate 13%— 98% — 19% — — — 12%-20% 21% 10% [18-22]
juice seeds 19%
Citrus Citrus peels  19%  95%-97% 1% 22%-37% 5% 23% 16%— 1%-4% 7%9% — [11,23]
processing 17% 23%
Fish Fish tails, 20%—  75%81% — — — — 15%—  0-25% — — [24]
processing skin, heads,  50% 30%
and bones
Cheese Whey 6% 92% 78% — — — 11% 7% — — [25]
processing

Values are shown as a percentage of total solids (dry solids), unless otherwise stated; “

1
Percentage of total mass.
2 . .
Measured as uronic acids.

—” indicates value unknown; VSs: volatile solids.



VRBEAT AT B A ERA 3R, I DUSESS I i 7 BB
M. BRI BB AR, Jfxr Hk
177 T84k, DU 7R 0 A B AN B AT 1 D7 30 0E L Hp i L
P b2 7 25 B £ W 33 Rl DAL 3R SR 3 B %
FEAMER ML Bk, B )E, Jiaf K
YrE R R e AL P . (Ho2, IXFhAb B 2 g iR 25
PRHIHEBG DR R DR 23 B 2% B T /K AL & R A5 1 T
TR R fL .

3. 48R 5141E

3.1 %5 T &Y R

T &Y 5 R IR T & A AT, TR R R &
S RV T @R Rl UL H A AL 3R
[10,11,26]. >k H Tk A= s AR E =4, i E i
{180 L7 RS 1) 3 TP e K AR DL, AR S S 4k
5T [27,28]. ANV REFEY, s Al s Rk el
TAYREIR A 77[29-32]. REGWIEFFY T H &R
H. BB BoKAE Y S bAoAl 3L o A 7= v
a A R AL 25 S I E& B AW, (AR R Rk
PEFTIH R A — 2Pk ik . 7ERRTUEP, MEHF1.3X107t
FIEVPIR S, RAM9T NEaWr-=&mM1/3[2]. H
AT IR ) — NP YR YR AR BE, FEHEA & —A
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A RRSERIAR R TTI 3,61, 1T HAz S Al ab e Y IR FE4
AR ST, WAL BN B RAT SR [8].

3.2, TR 3P £ 7 b
3.2.1. AR

TR, ANTHUTE 265 & 100 28 v LR B 1 18
FEAE RNIRAF I F B [33], 2R T, Bt R 3L
R (PLA) AW (—FrERWE I w] AV % @ - 2 A A
APE BT ARE D AR i AE Y R B F T 7 i Ak
A7 [34]. N20074E 220174, A EERL ARG K
17.7%, PLABRSYINIISE N1.87 ~2.20 £70-kg!', X
A E AN % [35,36]. K, R &R
AEFEFLRW G| T 2 N, JOHOR ST AR E S kK
tEmr e, i MR T sk A =30
BRI RVE AR L B R R R b, (HE M A P A
IR AR I B A5

TG RAKFE FKAMNEZ FHRH A B ESE
VUKIsE R R AEY), FEMEN2X107t, HE K™
BEN9.SX10"t[9]. fEXE, 68%MtE &L nT %
%371, ZI0 T R AT AR B b SR R SR OO UE SE A
HTENO3%MKWAY), X — KL
G CAVE R T AFAE[38]
SO EEVN

Conventional
disposal

.
P Landfill . Low-value waste
!
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: Anaerobic digestion
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Specialty
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T, BfE R R K2 824 h[13]. 1HZ, EEEHERH
WA AR . F A= S P S LRI 1.1 g LT
Tk ke ik ORAIR[2], IX AT RE AR BT IE A kA
(K130 ~ 50 gL'y [i] 44 3% 5  26 K/N[13]0 MR,
M&E®IET g Lok & 0 G &9 56T
LLFK 1580 ~ 100 g L ' FLER[39]. FLIER 4= /= I 2 5+
— 43 S PR DN TR R T I VAN 0 g B A T K oK AL A
[39]. K250 TAEIA AT LT REH 1538 )
[9-11,13,14,25-27,37,40-53].

B H AT 9 134T (1) B 48 8 R W) SRR IR — N RRAIE A2
4 3 T V5 K Ve E R EFI Y . 598 9% 5 M B 54
RIEEAALL, X S5HX R R A2 50.125 g g '-d A %
[13]. [EFE, FIHIRATTE KGR EM R HAVE T &Y
B S IIAE] T 0.096 g g AT, XFEITS KIS YR —
FhRRAN T & FIRCEI SRR, nT AR AR 54, 4R
MM, A8 S KI5 U8 42 P ) i e 2 21 i G 5 4l BEARAIR,
AEFE R L-FLRR A D-FLIR LT 2 5 2 1[13,54]. Wi
VLI T A=k, moealifE GEH K T90%
(FIL-FLER) & FE B PE[34] 3% il pHAE AT LATE TR
G IR AR m A LR, (R T A R R
pH1E, BIpH{EZLARI8, XM T 2% b/ B 24 [55].
NT PR AR R G R S A LR, T4
B IR T S B R I KA A Y A R 1 X
DLSCEL =26, AEPP R, IRl

&4 Rk, i By R SR IR R0 5T 32 B2
FH T E I EW R, AR T aYhidk, It HiEH
THEBIBCRIEEA SR R, B e AR AT

R2 T EVIRFME SRR S AR )

PLSEININI[39,54,55]. T ATRUHA BS54 2 B2 PR e ml 5 Ho At
B A RAL AR TV PR S0 B S R A A
DASE IS 2250 A By B SRR 1T LUS B AR AR
T 5 5 7K Hp [l WAL TR A2 AR 4+ [l AC 7L TR B L
Fer 7, HEBMARIT R BRI EHT ~
12 g L' ALER[27]. T 2K 35 UL 53 34 R 486 o JIK
R ) R B RE PR AE T M EF IR AL (6% ~ 12%
NaCD #7K[56,57]. £ RK W AISEE, S R4
IKHETBCRVE R, 56 Gk PR ) A i &, BRR
230 mg-L'[27,58]. M ER/K A [EUSCELER Aok 75 Bt i IR
VR B PR FH BRI VRS AT RE, [ e K A R
HEBG, ML R EALIR TR S B LR 2
HEHT (ED) & M #hoK At B FLER 1K) — Fh J7 3%,
SR, AR EEERS . B, SAUEEIE LA
MR, GLFEANTE, VARITEDREE. Hk, BREHKN
pHEE H AL T AR pK, (3.86), SECALM LA ARM S
BT RAFAE, A 5 52 it i B3 (1 52 [56]. ALt
W2 pHAE LA B ALIR AR B . B Jim ., H BRI EATR
ANIRSE S FELAT DA R i R B, RS ST R KO A% T
P S B ) A7 A TV B o S i 2 BH R 40 e
FA R T BB m R R #, I A A5 R B 1) LR B
TEKIEW . EDCAYIRRNH T MRBIE (RO i
TR R &5 525 [59]. EDRIVEFIARZ /NI 5 —Fh N
R e Eh 7K RIS FLIR T v 2 I B8 12 e . B E AL,
I AR O R TR K 5 2 4w IR, i Amberlite
IRA-400X A WL Ik B IR =601 WIS ¥ A B i 75
e B IR FEAEAE T B B 7 S H R (R e 38 4, [RISCRL IR (1)

. Yield of potential Mass of Market value .
Potential . Technology . Potential revenue of
Global mass of product potential . of potential .
Industry Resource ) product from required for specialty product
resource (t'a ') (kg(product)/ product . product s )
resource ) conversion ) (x 10°USD-a ")
kg(resource)) (ta) (USD-kg )
Potato pro-  Potato peels 25 954 3867 Lactic acid 0.140° 3633614  Fermentation 1.54* 5595.8
cessing and separation
Cucumber  Pickling brine 2 074 888 925> Lactic acid 0.010° 24 898 667  Electrodialysis ~ 1.54* 38343.9
pickling
Coffee Coffee 255709247 Fatty acid 0.170° 4295915  Dimethyl ether 097" 4152.6
roasting and  grounds methyl esters extraction of oil
serving and esterification
to FAME
Pomegranate Pomegranate 1 302 500" Phenolic mi- ~ 0.070" 91175 Ultrasound 8.00" 729.4

juice peels crocapsules

extraction,
emulsification,

spray drying
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(8%
Potential Yield of potential Mass of Technology Market value Potential revenue of
Industry Resource Global mass of product from product potential required for of potential specialty product
resource (t-a’) (kg(product)/ product . product 5 B
resource o conversion o (x10°USD-a ")
kg(resource)) (ta’) (USD-kg )
Pomegranate 370 000*"* Antioxidant oil 0.100" 37 000 Ultrasound 5.00' 185.0
seeds microcapsules extraction,
emulsification,
spray drying
Citrus pro-  Citrus peels 24204 988> Ethanol 0.250" 6051247  Cellulose 0.53" 3180.9
cessing hydrolysis,
fermentation,
distillation
Pectin 0.230% 5567147  Hotdilute acid ~ 4.00™ 22268.6
treatment,
alcohol
precipitation
D-limonene 0.005* 139 179 Steam 4.14% 576.5
distillation and
alkali treatment
Fish process-  Fish tails, 540> Bioactive 0.730* 394 Hydrolysisand ~ Highly var- —
ing skin, heads, peptides electrodialysis ~ ied”
and bones with membrane
filtration
Cheese pro- ~ Whey 150 000 000> Butanol 0.010” 1950000  Fermentation 0.70% 1365.0
cessing and separation
Acetone 0.0017 150 000 Fermentation 1.64% 246.0
and separation
Ethanol 0.001% 150 000 Fermentation ~ 0.53" 79.5

and separation

'68% of potatoes produced are destined for processing [37] and 10% of mass is waste in the processing facilities [40].

* Estimates waste specifically at processing facilities.

*Maximum observed yield of 0.14 g lactic acid per gram of potato peel waste [13].

*Using a value of 0.7 USD-Ib™' (1 1b = 0.4535924 kg) [41].

°74 975 625 t of cucumbers produced globally in 2014 [9], 64% of cucumbers utilized for pickling and 40% of fermentation volume is spent brine [42],
61.67 g cucumber per metric cup (a metric cup is 250 milliliters) density (aqua-calc.com).

®Maximum observed concentration of 12 g lactic acid per liter in spent pickling brine [27].

7 Assumed spent coffee grounds are 67% moisture [43]; worldwide green coffee production is 8 790 005 t [9]. Assumed roasted coffee : green coffee yield of
1:1.3, and a 4% moisture content for roasted beans. Assumed all solids are retained in grounds upon brewing coffee.

¥ Estimates waste product produced at processing facilities as well as waste produced by individual consumers that did not buy a processed version of the
original product. Data on the fraction of the agricultural product that went to processing facilities could not be found.

’Coffee grounds are approximately 16.8% oil by wet weight, assumed 100% theoretical conversion to fatty acid methyl ester (FAME) [14].

" Biodiesel density of 0.88 kg-L™' [44] and price of 3.22 USD-gal ' (1 gal = 3.785412 L) [45].

"' Assumed 0.521 t pomegranate peel per tonne of pomegranate [10].

> Assumed yield of 0.7% peel dry weight [46].

" Estimated value based on spot price of the antioxidant B-carotene.

'%0.148 t pomegranate seed generated per tonne of pomegranate [10].

" Assumed yield of 10% seed dry weight [46].

'* Estimated value based on spot price of the antioxidant ascorbic acid.

'772 253 695 t orange produced per year globally [9], 67% of oranges used for processing in 2015-2016 [47], 50% of fruit weight as orange peel [48].
" Ethanol yield of 0.25 g per gram of biomass observed [48].

' Ethanol price of 1.57 USD-gal™ [45].

» Assumed pectin is 23% of orange peel dry matter [11].

*! Pectin prices range from 4 to 10 USD-kg .

*11.5 1b of D-limonene could be extracted from 1 t of orange processing waste [26].

* Based on Indian market of 22.24 million USD per 5920 tonnes [11].

1.8 million pounds of trout at 30% of biomass wasted with 74% of biomass as protein [49].

* Prices may range to 1000 USD-kg™'; however, they are too varied for a reasonable estimate [50].

% Global production estimated from 2005 data [25].

*7 Assumes 4.9% lactose (w/v), and 0.26 g butanol, 0.013 g acetone, and 0.018 g ethanol per gram of lactose [25,51].

* Assumes 700 EUR -t and 1.22 USD per Euro [52].

* Assumes 1350 EUR t™ and 1.22 USD per Euro [53].
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AT PER—AE R SRR, MWERBEEL K [l CFL IR
R TP AAMRKIN S, I HEAT 8245
M o

3.2.2. Rk

WA FEVIRRL R T B WE S — A H WG 1)
Zutire i, BUONEARIET 2l ST, &a ke
AR AT DA S A S S S P, IR 5 AT BEAE AL EE R AR
PRI = A [61]0 B RSP I L BEAT IR 5
TR AR SR AR e AR R 2, (R AT
Pem T eI T &R 5 A 7 B mT AT 1

IR ST R ) I T A 3 A e A D I T TR R
(FAME) [, SRMRMELEMRARE AL, oy, —H
ik (DME) T FH T M Tl &4 1% 75 4 $1 B (1) 3k 72
[14]. XPEREARSIRAW S T3], B IDMEW AR
ik (-28°C), HIEFE T (W20°C, 0.51 MPa) fR¥EN
WA, FERUHRAEMEN N RE. Fit, BRI e
YCDME. DMER] LA F - $2 HU Ly o ol =5 5 17 % [1)
OOHERIE BV [14]. 22271 T AIHEE A2 72 FAME ) 28 5%
1L o

TEEME L TORBGH 5 L T, 38 1T LA DME
PR RS SR PR & A R4 1% [ 14].
DMEZEUE FE AT LAS T — R 51 Tl Y8 770K 5
ilhn, 158 R RS RO E G, IRk
hneds, WCEIE AR S BN 1.4%[12]. XN R AT
DAFH T S By 2 1 ik 20% 1A AR [62]

TR T A 4 R R I A )
B, EEWMEFYT, MEE SR RES4ER (L
WrEFEREA37%), MARKSEK (BT EPE
7.5%) [48]. i B i AA AR R A7), BdE R (R
TR E23%) FID-F7i500, AR RAE LBE R I 2 i
TEHUX LA AW, HRETE AT 04 [R] B S 30 R e v A1 )
FE I E A o DA 5 A AR B B R R A v
HIR, ATAEIREGR, S R Aot T
TR TG ER LA Tl oy R BIEFI[ 1] R — s
e vEFR, ] DA CSCAR 2R AT 35 Bl B B [63].
R T UL AR (pHIEZIR2) $2HG, AR5 B R UL
VE[11]. R2E R T HHGE RN Tr= A1) L8, HFD-
FrEEM A . BR TIAL B EL A 1 5 4T 4k 32 4 AR A A
IRCLR TR BRI M i A o BHeAb, i FE T DS 789K
AL HEAR 25 5 [64]

TV W T ) B AR A R T e R

THEAZBE (ABE) K EFAR T B A0 LRI 7= i IR 77
TEER—Fh A 2 AR, RS AN TR A R
REFEOE RSN, B RE3%MKIMAEEEE, Ml
iz R H65%[65]. T HAWTIL 1 25 5 M Af ELRE 3 = R )
S, A = A T A A A A T e i LT

EOFEASB G R T B . S W] £ P THD LRI THIDRILE P9 9 THD
B0 PR SR A LS T, BT IRE . Blan, 7S
B, FEER P e R 2 4.0 X107 ta !, XE
B — AN KA T T R B A S 2 10 B0 PI[66]. K 5T
VI E S A E, TR TH S THVR RN AN B ) TH A
60% ~ 62% AN EARIER [67]. L {# ] Clostridium bei-
jerinckii NCIMB 8052, £ $L32 B AT LA (] 142,/ Al
JR I R $£450.36 ¢ ABE [67]. Bk, 4
TEIEF A LA A20.19 ~ 0.21 g T EE[67].

PN T EE . SRETEAIE R T BIRETE RIS ~
12 gL' [51,68] 184> & AHIF, 5 WA L1 5 )
N6 D3 D IMTTRE DWW O, PREG, HEHAL
YR IV Y, F7RE0.25 ¢ ] BE el A TE i £410.3 ¢
ABE[51,65,68].

Y EWE T T BER R AR S oAt i A=
PRI A BRSO AH [F R E T A R i AR A
RIEWRE (<30 gL ) [65]. Hmihm (117°C) FEZA
A (2.3 kPa) FEAE S B9 T W7 [ A7 E Pk 1 [65,67,68]
IXERE R T AT R A, A BR ) T 3L E
MR . N T w4, I3 H R 23 B A
RIERITTE, ForbiBid 28 S R b 2 R B 48 B SR IR
oy Bk FEJ7 15 [65].

SRR, TNV R FE A P AR HOR
B T IR e B ST I AR RS 7. thAh, iR
H R B KA B D A T 2 B R IR, IR A
WA LT A TR AL 2%

3.2.3. Préa b T RN 24 5

PrEAL RN P 0 s I e &), REBEHE &
R VAL BRI AT REPE . 9 AR A PR K
IR —# 0, BEMN{E1000/2~200012 3% 7T,
BORFEIK LI NT%[69]. A, —efi b mI1E AR
SRBA ), 2K B i AR5 B EE[70] .

M B2 Hp AR PR A B8 i — 2D (R ik AR
7=, AFBIME T SRR . R R BUE A B SR
(711, SR A B DR (71]. [FIFE, SEE 4



RILHPTIRERFE, AT B AR [72]

JZE 3 AR B R A KRR I 3 — R S8 R T TE SR
o A RFF I O IE B ] DL A 186 5 4028 77 (1) DL AR AL
A, AR R E A BRI [46]. A R AN I
el A0 BB . B B A B A R R i
WL TR FLARIWE S TR AR A A B [46]. X —id
FRREASAT I TR 1) P ZR B TR Fh TR 10%, R
rh P ) T S T P R IR 0.7 % [46), P A BRNE
R 27N .

[, 38 5% 55 Ji v AARORSE 125 75 4D 7K [ A iy
Ho TEFRWHITT R, ML S b IR 840 BRI AAR 30 73 1 vk
4, WIS TR R R SRR, A AR 2 RhE
Y. $EENmETREEYR RN, REX M
Koeas A[46]. For i FE CUB A HE— 25 VR, A
1) FERIONS 5 37 1 [ 445 R 5 0 S 3k R T A R o, ks
] Ak 2 M55 55 J 43 B RIONE N o 1220 oK T P A7 o2 JR ] e
s BRI, BB N . IR 5 R R T I [
KR B SRR B R A 1T A [46].

RIS 2, PraE TR 25140 & P 0 T 3 A Wi
B,k H & R T S e FEAT AR AT, N T R
FEP) SR EUCE O 7 A R R AR A AR A
O

3.2.4. AW iE K

itV SRR N FRAE 1.54%10° t75 1 [24] . 7E Lk
X, 70%[0) e A 2 BT A7 L, 20% ~ 80%
Ak (ke B B8 NIEATESE) mA RN IR R
FAREL T 0 07 ¥R fa (1 fp 2 [24,73]. X — &R
S T 3 & R ma SRk T SN £ /s e D -
BRI RE . R FH Tl RN R A g e BT AR D R R R 2
0.33 70 kg WHRMME = fh[74]. SR EBEARHIAHLN
1.63670 kg ' [75]. SR, TR A AE DS M A 97 e
W JR 995 0 v L R ARV BT IORE T AT R, H sk
RS SE AR, BRERERTG T2 0E. ki,
TRGH R RS S8% MR (1[76,77]. faZRIERHE
PR A7 THI ) 2 AL N T 37 THI G BB K LA, (L 7=k
SB35 AR A PR U 1 e i S A 1% R B
AEJ).

TE PR H W btk e b, mI 45 & s i (ED)
S UEE (UFM) ML 6% fa () i (12 7K A S 0 v 43 85 AE
WpiE VER [49] . L6l ff1 2 — 308 H 7 T 9% [ P 6 1R 2K
fo, HWimgaEmEmR2oR. i, w kR, #
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T 2R RT3 5K . EDATUFME: B 1% A
LRIREEE, kR BHAR. BHE S (AEMD,
UFM. BHE 732 #E (CEM) R, #£ 1 AEM
Z 18] LA S CEMAN B A% 2 6] HE N FR AR R W, E AEMAN
UFM [a] 8k UFMAICEM.Z [B] Jn N .85 1 K e 7= 9, )
BFPE ) — PR = oINS, ] 43 0045 20 B 25 7 Ik sl fH
BTk RS R R T fer o B AR 15T, PR AT A2 S IR
EYEEREER R, R AR, 754 h,
T 1% JIk M\ fa B /K g # 22 91 7 BBH & 7 =2,
JREDAN A E 5 K A ) R B S Ak .
EHISRE N Veem &, ZU RS g
FHES KW #E116 W-h, HE5rE51 gl B4 #E219 W-h,
3 5 FITAS AR O 5 7 AR I B8 7 R P 43 31l 156 pgmL™
M85 ng-mL'[49]. HARFIIFIKEEIRF, HAAEK T HA
FLRIRFAE REE IR, X LR E T L — 2D 9 . AR,
EDRIUFMII &5 & O 28 3 S B /K iR (78] A
ME2, FEDMUFMELAHF 7ML 600 4Bk B3
JERHEAL Sy B 7 R i T T B

3.3. Tk e g K H A =

RAETH A A —FhH T 75 /K A BT AA HLR Y A
B A AR[2,7,79] PR 5740 Ak 38 5 4% A IR IR TS e
FEVFZ WP AR R [80].  PRAN 4k — ] T ¥4
WHALAE FIAN — % A AE T [80] B 2% PR 480 A0 78 Kb 2 3
T [ R 2 724, ELHE B R AR 0 N B D . TR
HLg R, A RR I A DY AP B ORI AE
. PPRRAER . SRR R #E— N ROV A%
HROR A 800 IX AN Ik i AT 7 T 2 DR AR T A A Tk R AT
T ERIEREHT, RV LR T
EIREEAG T, AR AT Z 10 e oK ks 2R
12%[80]. 20 PRAETH AL T TE 23 B85 14 [ B4 Hh = AR A S
LS, RBTPANBY B OKBREF =BV KAETESS
— AT, EHRAM B (ZERAEREERD R
RS AN R AR H[80]. T R RATH M, HEEH
[ % 515 90%[80]. Uckun KiranZs [80]HF 5% T 7E R4
T AL RS (R 4PN ] SR 2 . SR FR PR 20 B A% (PBRO.
FRAREIGIR)E B8 (UASBR). R4 i 1l 20
S Bigs (CSTR). AR A M #% (FBR). PBRAEWS
DL BE I R [ R A HLAE R, 1T UASBRAEFEK93.7%
P42 A B, I B R A &Ry~ 420.912 LH
ft. CSTRAFBRERHE ™A I & EN60%MES, R
EFBREFIE
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— LR [T g U A T R Ik A R 3R A AR
7R ) R A e i RE81]. WA RIER T
236 m’-d”', HA160% ~ 70%2 FHEE[81]. X IHHF 7T —
MRS, BN A RS, B RGTIR R
FRfeoE, X R PRETHE R T & IR AL BUE
RER BV SR e /2 RTAT I [8 1] 33719 MR - devh
A48T T g F DR AR Tk PR FE e A o s — 1 =
B i A SRR b

33.1. L5

G R R ALE A BRYE BN ) e R A AR O —
Fh I A DRAEAE 7 W e B R 70 72 . K3 [7,10,24,25,43,
45,8285~ th R T A I ). RETE L
R WTE A AR A 2R H AR R MR T ER (VFA)
A, AR S A AN 2 A4 i A R g P R PR 3 v v
BELAS FF BE (1) 77 H [82]. AR B2, FLMRAER Tt
RS W] CAE IR TR, DUIS YR e R A,
FHSRAE P2 B e [82] 0 I LB VA F 7K 43 FN%E Mk [ 4k 5 i
RGN+ F AT [82]. AR, ST b
HEm i 14%, WHEARE G EE R, XEH,
NG R BAT B AT, K IR S B e A e AR
EOE AT BB JK bR~ 4E2 kW -hIW RE &,
FE G A TR N T AR H1.2x10"° kW-hHIRE &
[82,86].

R3 TRV B

T o 3 PR VA A AR A B R AR AT LR v
IR I AR L P AR R AR . I AR b
Tl A ke SI2 it PR SRS A B R, AT A A T e 4 1 T A
FEAE0.412 m*H BE[86]. X I 7T AE vk b 1 — AL 3
S g R LA, X FEIE AEFE A [86]. A+
SRR BRI S — ANk B 5 A SR RV
Ve . WA S B EIL0.575 m’ kg 4% & M [E 44,
AR —35, Rt ZCOoM & &4 ETH87].
F520%+ & R FI80% A R &4, W ki r™ B ik
0.348 m’ kg "WELMERE A, BLECO, &R (HBA
[1129.7%) [871. AN PRATH At AT e = AR Rl =40
— DA AR T S R AR F R B A 2 [88]. X
WA T st — NN E S
HAAS%IAES, T AR TP R SR NT6%
(78 [88]. TS EVHALIER, P34 T 5 5k ge
H:2.14 kW-h[1IfE & [88].

3.3.2. uhnHEE

i A ] R e IR ARV AL T AR RRYR, N A ERERIR T )
it 73R TTBIMIN (K3). R ZHIE L
Ty WMMEE AR AR E T T5% UL BRI b 4R
R Z, U= BRI [83]. Wi wE PR} b FLAth SRS} 2 4 B
0, pHIEZIANS, Kk, 7282 A i Vs A 28 i pH
B AR H22[88,89]. B 1 [l4ALAAL, AARHERJ W 4 il

Yield of methane (m*(met-

Volume of potential Potential revenue of methane*

Industry Resource vSs! hane)/kg(resource)) methane (m’-a ') (x 10°USD-a ")
Potato processing Potato peels 7% 0.239000* 6203 098 000° 896.49
Cucumber pickling Pickling brine — — — —
Coffee roasting and serving Coffee grounds 30%° 0.083000° 2126 478 000 307.32
Pomegranate juice Pomegranate peels 70%’ 0.188160° 245 078 000 35.42
Pomegranate sceds 62%” 0.169260° 62 626 000 9.05
Citrus processing Citrus peels 19%"° 0.086177 2 085913 000 301.46
Fish processing Fish tails, skin, heads, 28%"" 0.390000 210 000 0.03
and bones
Cheese processing Whey 5.8%" 0.031900 " 4785 000 000 691.50

' Percentage of total mass.

?Price of methane assumed to be the same as price of natural gas in the United States (0.14 USD-m°) [45].
* Assumed methane production based on raw untreated potato peel waste [82].
* Cumulative methane production over a 40-day period [82].

*Based on global generation of potato peel waste [82].

¢ Assumed 90% of total solids were volatile; assumed 67% moisture content of coffee grounds; and assumed co-digestion with sewage sludge [43,83].

Vs calculated from wet basis of untreated peel [10].

¥ Production of methane was assumed to be 70% of total biogas production [10].

°VSs calculated from wet basis of untreated seed [10].
' Assumed 80% water content for citrus peels [7,84].

"' Based on estimated 65% moisture content and an estimated fixed solids of 21% [24].

"> Whey is 6.3% solids minus 0.5% ash [25].

" Assumed a methane production of 0.55 L methane per gram of V'S [85]



fy XA %0.296 m’ kg ' K [E A [89].  WhHHE R W
5524 2R A T A Tk — D R [ A ) B R v
0.312 m* kg ', HFSFHEMLEIE TR GREHL
HH e L9 R 53%, TRGTHAIG 36%) [89]. K 571
55 A Y RS FEE AR RTAT R, JF X B
B GE R = R (9], BN, A R MNEEE S T R Y
Pou FUIE WA SRR FENEETS E HE RV AR [90].
Mot EMNHEA BT, REFS300.314 m’ kg ¥ KPR
, HAELFBEAE, BRI INE0.348 m ke
FERMERE AR (T5%HERE 25%0MHEED [90]. A
THIE, PrEEEIAF0.32 m kg HER MR (75%[F,
15 [90]0 JR 3G PR TS Yo AU 4 A 2 38 vy B be 77 E[90]
DRI, A BRI 5 5 R 30 1 1 e L (B V8 A0 I V5 U k2>
FIR IR, RN 22 RIS A K 75 Y 1E N = R e 4
BT AR A

3.3.3. A

AR R A REVE T B &, B SR R T [10].
EATAT DL A B, dE e PREEE A AR e . E I AL
A0 M0 PR PR A AR B R AR PR TR AR X LR, 95 % VA SUAE
WAL RT 14 AN F=AE[10]. AR ALER I I 51 2 Lok &4
PR A AR e A e B RL[10]. FbeAE e LY
AR AR PR I E5 S [10]. BEARIX P
PEHFRAR 1 e r =8, AH mA E P E AL A [
% AR 0 AT AT[10]. A 3 in A 48 R P 48 1
H—Fh TR, AR Ay A ] S e A e A
Hl4]. BDEEIR LRI 5, AT UIR aT A AR —
= IR [84].

3.3.4. Mg R
HTMERKREELET AR, B Rt
I R R R R A3 K R 2 IR 2 (911 B A AR T
Reg P AR M B B R b B, H R EUR . A
FIEE 2 AR 4% R PR A P L 0.45 m™ kg '[84]. F7
BV A T A S I B i, 80.473 m kg R
PEMBIAR[84]. Mk A )E, EAF RS &
IR T2%. BRI, TE I Ak b B2 1 o i TR) B, HR e
2] AR ERIS0%[23]. MRS R BAA R H L)
()85 A 5 T HEAT IR SETH AL AR 3. ol dm, A 7 R
(IR AT PR 7K, TE T A B B A 2 5 S 0 R b =
0.238 m’-kg ' [23]. IXAEA S AT RV T B FS 7 fE
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P E A RS RE, 352 BLIA I i — N
T P BRG] DUE I g R S A M 245 85 iz Fid
KR A 1.1x10° kW-h I BE & [23].

3.3.5. fRIE R

R PRV R R R a R, rTeUH
T &R, B EE SRR R KRR
o U HE R EHE ARG R KM BRER[92]. kAT
PR F R 4 0.828 m kg R PEMEIA[92]. BT HE
R A B ARG AT v 2R A Y R A
XD [92]. SR, BT EGE E e, DR ok F e
e SEEMES M (We-3REE ) 1Bk &t
KAETATII[92] a2 RHE AT 5 HoAth & P R (5] 7
b, INEEREPER32]. HRE - R RNRE A HALE 0 e e
5 H AL S YRR R e A Y (0.205 m’ kg R
PEREAD [32]0

3.4, T B IR FEPD IR AR B 5 1)
3.4.1. IV EYIE TV A

B PIn TR = AR I R A A2 R S e v ) PR 5
PR EOCRIR, (HA R R G R e, R IER
HRE . THAHLIX A 5% BYIE 57k A Tl &9
I, AHIXFPRIFEAZEAR T 0B 78 SR R0 s 40 2k i
PRI [1]. R, TR FIATES
RIMEE RS, AMEILMEREWEFY, eNEE
TEHBER PO BhAh, b abEE aT Ll i it
SEANET B IR R 5 ) AN B2 0 1 B P 1) 75 SRR 38
TE H 8] b3 A ) 18 5 i s R ksl I B A
R T A BRI 50% M &k (1] [ TN &R YA
B F IR ERZ11.9%10° t CO,ZBIR =R MH, X
FHMBAREHE 93], SN A E A, X
AT B 25 B A T SRR 2 5 1) B 3 3 B
ANHET . T R2ARIFT AN Ak vE, s A R A A
BARRBEWA BRI LR, B iTA KVr2 SR
Jn] LLEE o B B i I E R ik . 2R T AN E
RATIET R A bLEE: YR FE A P Rk e i B i
ADAF=H L. ME2RTIEITE XL E YA HORTE
77, 11 R AR R AR B R R AT R B T AT I AT
PR . (EAFVERL, $ETH AR I PR AN 2 R THOR
FA, TR T 5, AR S H IR R ZE .
AL RFEE TR RS
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B2, Tv ek s IR BB e ol B G BRFEIAR T —FReBR ™ i, AR ADFAL N T k) o

3.4.2. XRFIREEI) 52 0R

HodgeZ5 [9410F 7t 7 35 [ Tolk pal A ILHLA £
YIRS E . RN T &) R 77938 3 A5 Hoeh
Bh, RngUR SR AE, TR IE K SRR 5 TT
DU IR B AL B WLV . 20340 BT 1 004F Y [ P4 2 57
(A R BHIGAS AL, 65 T BT L8R 774 ()38
M F BRI = SRR WA A3 70 kg CO,Y4 &
[94]. B HYUEY CEHZ 5 REN T &Y
IRFEWIIS58%) ¥ EAD, TR RYIE NS,
TELE T 2 SRR D T 50%8L F (43170 kg CO,
MDD [94]. ZBFFARH, MBI RS 2 ADID
THEBCR, Qe AR R B B R A R RETR 2 oA
RS I AR AR T ek HE L

LRGSR ARG, T RELHE, HH
Ak B A 89 kg CO M, HAp—Ll FRlT
AN E G R SR FEE R G R B )
[95]. fEUREE. B FIALEE V)R FF 2 1T, X LRI
(I HE ) o5 £ 3 3 ADHE SR 1) SR BB 40 [95]. 4R
M, AT I R & 2 R IR = SR 8O 5 1 ek 2D
213 kg CO, M, = E R A& HAR BRI 1 #4 7£ [95] .

4. 2518

ERRERN VIR ES, — /Do 34T T/
PR DM IR FE N — MR H R el B R
PE, (8 T R4 CE S A . X EYIRAYA
ZHB . RFW s ARG T — M T B AT LU
TN TN KR IE 2 B4, [R5 R 0 IR I A T 1 R

Yo AEXEE A, A AT DL BT AL R R I A
7=, WA PUEBS M AR TS T, ek
Yo AN, FLRREF FH m i KA A VIR I AL 22 o
ADZ— MR BB, 7T H T N AR e
AAME BRI . Tl &Y Ry R o] LU/ B bl R
Wi R 291.9%10° t CO A BHEBA . KhK 70 32 E )
TR A R b = T ESCH BE 9 D HEAT LA, SRR
FERP = S A B m R EN A . SR, ADIY 2 AR
A AR AT — & W5 710 SR, AE B4
il WHAT, VB SR A AR 78 o R I BE R, B
T H T B8 AR B AR O
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