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Abstract

Based on data from the Chinese literature for 2010~2018 on the economic benefit of bio-waste
conversions to energy, the cost, income, and profit for the 10 pathways of bio-waste conversions to
energy were analysed. 6 out of the 10 pathways are profitable. The pathway of crop residue con-
version to pellet fuel exhibits the highest profit-to-cost ratio (46.59%), followed by the conver-
sions of animal manure digestion for biogas, crop residue direct combustion for electricity and
crop residue gasification for electricity, with the ratios of 41.88%, 40.85% and 38.89%, respec-
tively. The ratios for the pathways of pellet fuel production from forestry residue and conversion
of waste oil to biodiesel are 17.84% and 6.01%. The other 4 pathways incur a deficit. The conver-
sion from crop residue, restaurant waste and sewage sludge to biogas all display a heavy economic
loss, with the ratios of -41.50%, -39.63%, and -35.90%, and the conversion of crop residue to
ethanol has a slightly better ratio of -18.17%. Based on the findings, it is suggested to strengthen
further technical know-how research and innovations, and optimize policy interventions, in order
to promote a healthy development of the bio-waste conversions to energy industries.
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AL EERE T 2010~2018F R E K B EFEY T BRIFALF F L5730 38 SCREE , 47 7 10F0 REJ5
BRI RA. WAMANE. X, 6MEFEDREFEBENRERINERN . /EURFFEFE AR
M RAFERER, £46.59%; HRXANEARFLEES. BHEREBURMEMRBFSMURE,
BASFIE R 53 H841.88% 40.85%M138.89%; F =N FRDEFZEA B, BRAFEEN
17.84%; BJa NIRFIHAeH] S DSBS, BRARIERRZ6.01%. BIMFRENT]R, 1EWREFT.
BRIBRAEKEREFBISTRETE, RAFEERDHN-41.50%, -39.63%F1-35.90%; {EYF:
AR ZBTHRED, REAREER-1817%. &1, BIMMERRERSE, INREFEYFREE
BALBART R ARE, (EEYREET I EREER.
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1. 518

RFEMFMRL . FIRFE[L], Hae AR R A DT e A IR A, IR R AR5 G
A REEIRAT, R LT A BLE[2] [3]. AR KR IR FE AW i IR 57 B AL B 5 304 24 [4],
SRR KRGS Ye il i, REVFALOGIAA T i@ A0 45 852 B [H K AR [5]. 4Pf 3t & R A AE VI B RE UL T
FEATRFEER RN AR, BRI MR AT s o SCiE S, (B2, #RRX 3 — RS AR A
B REIRAIR AR M, RIS AN R B S A P R SR B AS R BE DAL A P IR AR 22 57 A ot RGUHER . AW T
FRRGE RS VEMIREAT . MOLTRRY) . 8 B 30 55 3 2R 77 AW 5 RE VR AL A i A2 AT 285 20 A7 23 Al
i LA, Dy B A IR M R RTBUSR )3T 3 Atk 5 JE A R SR

2. iR EMBURERIE
2.1. MRBEMEELEN

R FESTEDIFEFE . MRALEI &Y. BER/E. BRBR . RFMABREKIEREEFEYR, o
M7 10 Mt M HEREF G, BEAFAFBRE QR A BBk, BB . SR HE.
EFEEA, ARV RIS TR AR, B &I A TSR BRI EA R AR . 5K5
PWAEFEHS . BFRARSHEERETHE N, RACTE R AR A8 E A . R A A 7= il
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SKIRF DR GRS MRS A, AR 7798 8 AR 9 eV A I R v B0 A 7 Bl PRI T) 28 P 310 9% 2
1RSE BHEAMICIEE B9 0 BT W55 2 AR B SR [6], AR B FEBIAN AR 4. Uk
NAZ I S T S A AN & B P2 iz, ANEDMON A R 228, AR 2 e 7 ot A o BAS Y
[ERiL

2.2. BiERIR

ARSCIE L SR B 3RAT [ ALl S B TEARIE, 322N 2010~2018 4[] A AN H i A S B 1k
W FERE TR AR JFURE A L 3878 As . WA Ede - O 1 ORI ECHR B nERA PEANRL 20, 4% DR A
JRIESCHR: 1) PraRaE iR S AR o RE IR AL FWE TE V8 BB AF & AR ST FEE el s 2) BT AR 225 24 5 X
FEEARSOTIRE X 3) JRFFAN R IEURPTUSCERVERLGT,  REVR)™ b LRI B RIS A 7= 70, A L
ZHIREME; 4) @it ot idEse B HEH.

3. B{RESH
3.1 REFFEMRN CERNAHF N

HAT, [P 2F4gE 2R QR AT P Ak BT I FE B B[ 7] [8], BN L I H AR DL KRS A S k) 9
MR AL BEANBG MRS, (R R AT R RN ZE BRI 1) RFZE[9] [10] LMEILE, 04 1A~ BA
35~75 JJ UFEMILH, ik 1303~5767 Ju/t. 2735 [8JHUE R K [L1RHBAITIE, B 504 A a4
50,000 t/4F [k A A 7= 26 A 300 YAERHRTTH , IV Y5 H y—161~251 Jo/te X PR ZH i TE H)E 02
WL KR, — 2R R A 25K, REF 7 H Z B ELBIE B2 5 50 7:1 Bl 5~6:1; I8 E A
AN, Ri#[9] [10] (5236~8100 sT/t) bt JE#[8] [11] (4825~5835 Ju/t) V¥t 23.3%. [His;, FJiE A 251 Joit
(R Pk 2 BE AN B L il 1500~2000 Joft, HUEE T iidath . MRE, FIFRFLF4E R4~
BB CEAE LRI RO TE N o™ HE ., HEAE B ERER 2N, KXW A L RECFS %, BT
1 1603 JG. JFEMII% 2 H B K 2R [8], AT k2 REURE AR, RIS A HiIE & BEYE Bl A RE
PR JER AR [12] 0 [FII, ZFAE B RAS B, BEE L 2Rk e T DUKIR BRI [11] [13].

Table 1. Economic benefits of producing fuel ethanol from corn stover by enzymatic hydrolysis (based on per ton of fuel
ethanol)

1 ERFEFUBBREE R CENEFHEETE tRNCE)

TEMWITrd AP UE)  ERURACTY)  BERACT)  BRACT) G FEECTR) Bk

MR - A4 35,000 4400 8100 12,500 6733 -5767 [10]

Fiils - Ml 75,000 2800 5236 8036 6733 -1303 [9]

MR - A4l 37,000 2800 6734 9534 6733 -2801 [9]

Pl - il 50,000 3600 4825 8425 8676 251 [8]

Wil - sl 300 1550 5835 7385 7224 -161 [11]

VR - TR 300 1445 5620 7065 7224 159 [11]
Ty 2765.83 6058.33 8824.17 722050  —1603.67

3.2. FEFFE BB 2 s

SR BAHHE MR SCR 7 RO 2) X T87 2 7 t SORIREER UG, HAEREDN 194 TioT, 2
3 AT [14] o X T 50 5 7 t MBIV oR UL, 20 8.2 SEREMEU IR [15] 0 R T/ A = FUARE Al
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K, RUEBE, 22 R A M [16]. T R, I AR R R 7 M B Y 22
Tk, {EA LR R A SR B AN ( 50 76h), SECRIMIZEER, J 749~346 Jilt. (BJE, &KW
RIS B, TN 15573 Jot. JUEHFA[17] [18] (L9145 B Feae], I HIASFTAL P IR
FRF 2 T

Table 2. Economic benefits of crop residues conversion to briquette fuel (based on per ton of briquette fuel)

%2 BIEFRERNNZLFYEETE t REHR)
JRRE HF 55 7772 AR WAE)  FRRAGT)  IBERARGCTY) ST dRAGT)  FEEGT) Bl RIE

FRFEFF [ED| 2500 59 95 154 500 346 [16]
FEAT (ED\ 50,000 136 154 290 400 110 [15]
T [ED\ 20,000 155 148 303 400 97 [14]
an [ED) 1015 111 143 254 n/a n/a [20]

FRFEFF [ED| 10,000 100 223 323 480 157 [17]

FKAERT k) 10,000 135 2155 350.5 500 149.5 [18]
A S + B 9000 325 260.1 585.1 660 74.9 [19]
S35 151.67 182.60 334.27 490.00 155.73

nfa: JEOCHR PR WL, TSR T I E R 2SR B -

3.3. BHEMRABENEFNE

FEFFELA K B R EYE B A 0.07~0.36 JG/KW-h, “T-35FIE M 0.19 JT/KW-h (JL7 3). Hidr, SRkAI[21]
R EBEIR, T RFEFFNARLI A 220 Joit, BHAGEAF AN 70 Joit, KHEEHN 6.5 x 107 kW-h, #%ZEZX
AN BIRRAT R LA 0.75 JC/KW-h 15, SESZIURIIEY) 427 J5t. RESE22)FIBF T, #ERFIL
T H A 200 Je/t, 1% 43— B 0.35 JT/KW-h BT A, (B IEBLERNE_E M B4 0.75 J6/kW-h
THE, NIRRT A D REE . ARSI (4101 70 s JSURMS FEAN A% 43 51l 9 156 Jo/t #1170 Jolt, B3 0.5
TGIKW-h (X 35 B S A MU HAN) SR 580, 0B i R, PR FE R G 380 0% RIS 40 Tl A 55 8~10 4.
2017 AR Sk — P HEERS AT R R IR IS AT A A A OR B R SO , SiE T B AR REVR AN IR [23] . FERTRE
F LW AN AN LT, FEFT ELBR A AT LAZR, P2 AR 4353 0.47 J6/KW-h F10.19 JG/KW-h.

Table 3. Economic benefits of generating electricity by crop residues combustion (based on per kW-h)

3 BITEMABRNSFYEETESLMNLEE kW-h)

FOKAERT S 30 0.38 0.30 0.68 0.75 0.07 [21]
IREFEFF [ED 24 0.27 0.21 0.48 0.75 0.27 [22]
F&FT (N 6 0.24 0.12 0.36 0.50 0.14 [4]
F&FT DN 24 0.20 0.12 0.32 0.50 0.18 [4]
FhiFt [ ED\ 30 0.29 0.10 0.39 0.75 0.36 [24]
R e\ 30 0.37 0.24 0.61 0.75 0.14 [25]
15 0.29 0.18 047 0.67 0.19
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3.4. S ABHNEFNE

MRS A R B AP A DL AR /N R 3, SN LR N 0.6~6 MW 1K) 7 BIlAS AT S 4K & B FITE 4 0.11~0.26
JGIKW-h, “FFIE N 0.16 JG/KW-h (W3 4). ZRFEFREE[26]LHIF 70, JERAN N 250 Joit, 1% ERBUR
AN LAY 0.75 TO/KW-h TSI T 2R, 2 MW R G378 RIS 7.8 4, 6 MW Jy 5.6 4F. #ilfEi[4]

DLEURHIHS 9 125 JEIGEATHUEIA T, BEAFAE P AR K, JFORHRIIE 2 AR, IR,

Table 4. Economic benefits of crop residues gasification conversion to power generation (based on per kW-h)

4 BHSULBRNSFHEETSLMNLEE kW-h)

M RS - RBL - S 2 0.38 0.20 0.58 0.75 0.17 [26]

AR Hfg%_%ﬁ_@w 6 0.31 0.18 0.49 0.75 0.26 [26]
AT KAV ARG - B 0.6 0.23 0.16 0.39 0.50 0.11 [41
T EIEIR R G - B 1 0.23 0.15 0.38 0.50 0.12 [41
T EIEIR R G - B 2 0.21 0.14 0.35 0.50 0.15 [41
T EIEIR R G - B 3 0.21 0.12 0.33 0.50 0.17 [41
Ly 0.26 0.16 0.42 0.58 0.16

35 FFFEM~BSSRNE

AR 7 A S0 s R RS AT A2 P2 I8 A RO R 438 o s, B 581 0.05~2.36 Jo/m®, P
$10.96 Jo/m® (M3 5)o RANBELE[27] 0BT 70 h REFFUSC 2 M B 230 Jo/t, 45 5 o ROAHS i T A8
e N FLAEEE2810 5L 7 5 DA RFEFHEA LR, BB FOKAEF BURE = A 4% v 200~300 Jo/t, 7~
AEIEE] 10~18 73 m®, R P HUA 280~560, AN Hik B4R FE A (L8 SR 1 iR 4% 3 1H) 2
—2, IR E29] 04 T — AMEAFFEA 5 T mP IR SoRTE TRE, REFFRAS &2 500 Joit, AR A
#itA 3.86 Jo/m®, EVESURAR 2.6 £, UE T HA T EENE T R AN S R, 2B
EBI[27] [28] B %5 /£ 44 o

Table 5. Economic benefits of producing biogas from crop residues (based on per m® of biogas)

%5 BHEFRSNEFYHEETE m*iB5)

Bk RR LS R v v ol G A R G T
REFEFT TRA R - 920 nia 0.92 0.63 155 150 -0.05 [27]
EV S RE R - 4 10.20 0.60 1.40 2.00 1.50 -0.50 [28]
FRFEFF IRE R - 54 18.40 0.60 1.50 2.10 1.50 -0.60 [28]
FARFEF TR - s 13.14 0.60 1.58 2.18 1.00 -1.18 [28]
FOKRAEFT BT HHER - 5245 10.95 1.00 0.84 1.84 1.00 -0.84 [28]
IKFEFEAT TRE R - 520 15.33 0.75 1.96 2.71 1.50 -1.21 [28]
REFEAT B e HER - 51 5.00 2.20 1.66 3.86 1.50 -2.36 [29]

45 0.95 1.37 2.32 1.36 -0.96

nfa: JESCER PR AR .
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3.6. FRAlFI R 7= RRBIRRRL O 2 8

WEFEMAL TR AR 7 R 5 20 i SOk B 2 Rl i se, LA R R BOR,  (HARA
) SASNAR L, FIEHARAL, P37 138.89 Ju/t (W3 6). Hodt, EAR[301HEHL T —AN4F 7™ 30 /3 t AR
BRALRRE AN, LAl 3 4, A E W] 16 . FGR[BLI BT 1 — R 2.75 T3 t IR A
SRR ), R 14, IS E ) 10 E. B TR, R RTARAL SR AR R R R R A B
LU . AERS T F AR A IR, AR OK R R PRI A T R M B ZE [31]

Table 6. Economic benefits of forestry residues conversion to briquette fuel (based on per t of briquette fuel)

= 6. MOl FIRE PR BUARIIN R T E T (BT 8 t BEMAR

R R A BERAE ISYSZS L @N HiH

PR AT (W) (i) ) Gy Gy oy CORRR
HEAR ED 300,000 550.00 215.95 765.95  900.00  134.05 [30]

NIZIPRY) (e 27,500 571.42 219.85 791.27 93500  143.73 [31]
S8 560.71 217.90 77861 91750  138.89

37. BREFEEBENEFYH

S SR 7 B 6 S0 A P I S A BT AL IO HRGE L 3 9, LRI 0.25~0.61 Ju/m®, PR
Wiy 0.45 JCIM* (ML 7). A BBIEELRAAE, 5 —F1y 0.60 Jo/m’. TS TS RAEFREY
W, PR EEIMEAEEA, B EUIE AT S R A32], BT RS AR [33]; 188 A
4 0.43~1.18 yo/m®. WF 5 R AR B RLR PR EUR L, ARAE FTEHL XA, H ik 0.68~2.20
JoIm®, X SREFF AP IA SR R ARAR L, 45 R BN A B A A PR B R A Tk
Table 7. Economic benefits of biogas production from livestock excrement by anaerobic fermentation (based on per m® of

biogas)
£ BREBRELBEFBENEFYRETE M BS)

AP AR JEUR} A BE A SR L@ FiH

PR BRITE Ginteey o) R e R
BEE A 912 0.60 0.89 1.59 2.20 0.61 [33]
[EEESL AL 25 0.00 1.18 1.18 1.66 0.48 [34]

VL 2] 24.64 0.00 0.43 043 0.68 0.25 [35]

P-4 0.20 0.83 1.07 151 0.45

3.8. BFMAEE T E YIS 2K WA

J5 75 30 AR 2B 77 A ) S T IR 22 B s 9 R, BT TRV ], 3 AN 209 1 iR R R A 22 S 3R (L% 8)),
Mg 8 MAZFARK, FIETEE M-150 Jo/t £ 700 Jo/t, “FIHEF] 345.67 Jilt. X 3 NRGIEFIM 257
RHEARMAEE K PAFEGRE . FEARKPRMEER G THRAMAL, B, ThEFKINT
BAAS AT I G, 1K 75 il 2 7= AR P e 3 Pl S A2 B R 1A o A 1 il A3 T 26 4 45 3 5 2 500~800
JGIt[36], EFJFE R FERMA RS S R A LB K, B A AR B T fE, A TH 28
= [37].
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Table 8. Economic benefits of biodiesel production from waste oil (based on per ton of biodiesel)
= 8. BFOMAREEYSHNE R NEET S t £15%m)

AR JERRA IEE R ISYD %S LON FliH

TERFART & UitE) el GEh) Gl Giiy  Ooy  EERIE
FERLIE G 5 P R AR — A5 6 4704.00 1446.00 6150.00 6000.00  —150.00 [38]
TG Ak RG4S e - 4540 0.9 3555.00 1458.00 5013.00 5500.00  487.00 [39]
2019 FESEHE T 25 S g 4900.00 1200.00 6100.00 6800.00  700.00 it e
Sy 4386.33 1368.00 5754.33 6100.00  345.67

TR FARIE R, ARSI T EE ST IMEH L KR P2 W SR AR T A S AR

3.9. BIRBIRAE FRSNEFNE

KT BRI B MG TSN T, BRI S5 [40]5 5 7 H AR 2.70 jo/m®, H R
BHERIRA N 1.29 7o/md, APEE AN 1.41 oimd. A TSI 1.63 jo/m®, FliE A-1.07 76/m’.
SIS S (A1) R VAR T REHE 7075 AR AR Ay 0.56 JT/m® s SR 3 i T AR B2 1) 47 S UAC A,
JERHS AT ATz, DR A 3 U R IE DI A 2R T DUGRAIE JERHMIE R [42], AR, B ks,
PAB IR B3R A P i ST A BE LR
3.10. iSKITRESBSMEFYE

S EIR 2 MGKIGRREIRAEF=HARSELH . 15KIGIRIE Ti5 /KB Rl FE kA ] 2
WEANTH[43] [44], BANMKSRRIRA 2.28 jo/m®, HEFBES N HNAR A 1~1.5 Jo/m®, A7 B
1.5 Jo/m®. B, VSN MRER/INT A, 5 143 334 £ 0.40 Jo/m® A1 1.28 so/m®, V588 0.84 J/m®
(W2 9)e XA H AR H PS84 5128 30,000 m® H1 25,200 m®, {H H T 150t AL A 25 1) S B0 52
brH =R E AR i —F, e TIEE A

Table 9. Economic benefits of biogas production from sewage sludge (based on per m® of biogas)
F 9. ISKTRESBESNZFYHETE m*iBR)

e e i Gim e .
451 15,000 1.90 150 -0.40 [43]
41 6240 2.78 1.50 -1.28 [44]
P4l 2.34 1.50 -0.84

4, REEFHE
4.1 BFRBBEDTRLE

AR 75 SR B IR AR R 5 i AT s VB R, BT Ml B K BOR, R A= s
Bk REFTF AR H . FEFFAL R . MRORI R A= B & & 3 A =V S DL T e il AR 4
Senh 3t 6 MhERIE A B SE I T BRI (A 10). FEFFAE = BRI 38 A RE 2 e e, 1A 46.59%:
H Oy 3 A =1 RS AT LR FRRVRS AT S0 FL, OARRIE 26250 09 73 31l 41.88%.40.85%F1 38.89%;
Mol R0 = SRR, R 2 17.84%; R F- MR =R M Se g s A J R, FHEZE N 6.01%. 7
Gb 4 MRS AEY R BRI R @R AR i, Hod, R BIRBIRATG KGR AR R TR S, P
FRAFIEZ 537 —-41.50%. —39.63%1-35.90%; FEFTAE =Rk AR5 B, FHEEA-18.17%.
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Table 10. Summary of economic benefits of waste biomass conversions to energy (Based on per unit of energy product, without
deducting state subsidies)

F 10, EFEYRERMFIALFEE LR ETRMURRNTR, RINRERIM)

JERL A REEAL = b SEHIRA RN e S8 AR 2 (%)
WRELZ I (TTi) 8824.17 722050 -5767.00~251.00  —1603.67 -18.17
LR TI) 334.27 490.00 74.90~346.00 155.73 46.59
VEFGFF HRK H (TTkW-h) 0.47 0.67 0.07~0.36 0.19 40.85
TR B (TEIKW-h) 0.42 0.58 0.11~0.26 0.16 38.89
HAEmY) 2.32 1.36 -2.36~-0.05 -0.96 -41.50
NIZEFS Y BT 778.61 917.50 134.05~143.73 138.89 17.84
[EEESL BAGTIMY) 1.07 1.51 0.25~0.61 0.45 41.88

[ FE IR A5 (T 5754.33 6100.00  —150.00~700.00 345.67 6.01

BB WA GTM) 2.70 1.63 -1.07 -1.07 —-39.63
15 KiI5 TR A GTIM) 2.34 1.50 —1.28~-0.40 -0.84 —-35.90

4.2. BRMBAEBER SCHLA FIRER

TER[ AN REVEACTIFH 1 6 2045, JRFTMARAE = AL 5eih . REFFRIMOL B 4 2 7 R R kb
3 SIBPATHE KM BN S R DB TR, KRETTI R R TR T CBR R, H2, K
WEAFTEY R . 5 40 KU K i f, AR B R 30 e R, 45 18 5K mT P A REVR D ik LU AR D, Gz
BEDA RS A 3 KB AKFEEZANEA Re . (EE &I E~ERIHE L, EZR TREER
BT TN, AEREFT BB R AR A SR B TR b, B RS ATRRAT R HLA(0.75 JG/KW-h). G
PAT 2 HL 0.318 JT/KW:-h, b X B ML & 1~3 MW AP S ALK I H 5 K U L3 sa 4+ 71[45] .

FEFE ARSI G KI5 IR AT A FEFF AP RRL S 4 PR RIMAFIFE R 58 21K
BRAG KGR A IR BRI R O RIR D, PO R EE R EIR ZIRER . FEFF A~ IR O
g — e Sz il T RS S o, AR = TR B AR A s i, AR AR 2 . REFTHIVE A4
RILZEAET RPN BL, P ARBUR, SRR FEIK[46].

4.3. FARBIFMAMFREETRALFITAEEIER

21T 2 BRI EV R BRI BB RN, M ECECR, FAT B B R R B L, 2
B KRR RS AT A BEAE IR 3. (B, AT B A BOR 20 il — 5 M 18, inid i 8 53 TR 1k
gifRsE . SHEAKHEM, SR AN T ZRAETT B RA A, MR RER S, JTHERERES
AR A T I AN T, B RS, DRI T KRR L S SRR I H (4710 53— T5 1, JEURHK
ARAEH EEAEMR AR, ERIEE L EEPWATRGEE, TP A SCHT ORI & BRI AR AT
E¥tr, DMRIEERBER e R . FEIRIFGE, E500 KBRS T, BORNEE BT X EF A&
VI REIRAL 2 5 B AR . flan, FRIFTuh A2 A S J LT B0 B 2 BU U, A b il i s
R EBARQUEAE HACT B SCEL AR AL BAR B E & A AL E AN T A B R, (AR, A
IR, —EF 1260 kIR & S FEH A TR, AR, THBRTEE R L
M, RIUEATEE AN, U R 26475 7.92% [48], Tk BAT I ) R 1 A F A 25 28 6% [45]
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4.4. i

5, REEALA R R S A IR A R A A AR, SN SR BUR BT 02 e it A7 2 TR 4%
1B F AR R BEIRAG S BRI a8 . B, IR ARRE M B FFBUR,  HETH — 384 AR 8L
BT A BHA B A, A el WAL T LA G PR G554 /1, ARSI R - 5 =,
TERENE 9 — Fiu X g M, A SR SA T T S BOR BT, TR HEA B AR AU R A
BARFUR IR R, (HRMREL BUFAAT RO H A TT, TR A BER s iR &
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