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Abstract: [Objective] Forest-based bioenergy “forestry-oil integration” industry (hereinafter referred to as
the “forestry-oil integration” industry) is main consisted by biomass energy enterprises, which combines
feedstock forest cultivation with series product production, such as biodiesel products. This paper aims to
optimize the development pattern, and promote the development of industry. [Method] Based on the survey
of related companies, investigation of feedstock plantations, calculation of carbon emissions on soapberry
biodiesel by lifecycle assessment, estimating on profits of feedstock forests cultivation and product
production, etc., this paper analyzes the current situation of “forestry-oil integration” industry in China, and
the economic benefits of different cultivation patterns and different industry chains. [Result] (1) The
industry had basically formed a certain scale of feedstock forests base, and most companies had already
created a series of biodiesel production processes and products with independent intellectual property.
(2) The amount of CO, sequestration of feedstock forest reached 25.38 t while producing 1 t of biodiesel; the
COyeq emissions of lifecycle was —19.41 t, which had decreased by 621.77% compared with petroleum
diesel. (3) Most feedstock forests were cultivated by seeding pattern with extensive management, late fruit
stage, low yield and high cost; taking 20 years as the project lifecycle, the fruit selling price was
4 RMB/kg (year 2017), the seeding cultivation pattern would loss about 1 687.68 RMB/(ha-yr), and the high
scion & head-changing pattern would have an average annual profit of 419.57 RMB/(ha-yr); if the clone’s
cultivation mode was formed, the costs would be recovered in the 10th year, and the annual profit was
2 675.55 RMB/(ha yr), which could greatly improve the economic benefit; If the fruits selling price was
9 RMB/kg (year 2019), the costs would be recovered in the 5th year, and the annual profit was
20 675 RMB/(ha'yr). (4) The average profit was 18.65 RMB when using 1 t of soapberry dried fruit to
produce biodiesel, and the average profit of saponin products was 6 573.3 RMB; if poly-generation products
production line was formed, it could be estimated that the total income would increase to 55.66 million
RMB. [Conclusion] “Clones plantation culture pattern + poly-generation industry chain pattern” was the
ideal pattern for development of the industry, which would promote comprehensive benefits. In addition, in
view of industrial supporting policies, four suggestions were proposed, i.e., enjoying inclusive financial
subsidy policy, enjoying National Seed Industry and improved variety preferential policies, enjoying fiscal
and tax preferential policies and requiring the proportion of biodiesel in petroleum diesel.

Key words: forest-based bioenergy; forestry-oil integration; industry; sustainable development; poly-

generation
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Tab. 1 Areas of tree plantations for biodiesel production in China

W Fl Species B 1 Province [ F/hm? Area/ha P Fl Species 4 Province T #3/hm? Area/ha

JC B F Sapindus mukorossi % Fujian 14 000 /NAF Jatropha curcas I~ 7R Guangdong 1 980
M Swida wilsoniana 1§17 Hunan 15 000 51 Guizhou 6 670
VLY Jiangxi 40 000 PUJ1 Sichuan 67 330
IEN Pistacia chinensis 2B Anhui 5330 Z i Yunnan 88 000
VW E§ Henan 133 330 SR Xanthoceras sorbifolia W52 1 Inner Mongolia 133 330
LLi7G Shanxi 1 000 Ll PG Shanxi 2360
WA Vernicia fordii ]~ 75 Guangxi 133 330

¥ Sapium sebiferum #tM Guizhou 7730 . ]
71 Guizhou 136 970

VE: R EE F R IE T 235 3CHR[7]. Note: The data are mainly cited from reference [7].
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The State Council 13th Five Year Plan national strategic emerging industry development plan
YAoei i “ e ELY et IJ_‘T
5 Mol <<’Hﬂkﬁiﬁ URAAS T =BT S E A ‘ ‘
17 2016 SFA Action points for forestry to cope with climate change during the 13th Five
Year Plan
18 2017 EIER SIAEE 2 il SRV R J et = T )
SFA, etc. 13th Five Year Plan for forestry industry development
N N 15 AT, FE 8 4 T )
B, [ 5T «*A‘ik;\ﬂ\qjg%)ﬁﬁu.ﬁ_ miaﬁj}{i» . , Gk
19 2009 .. . Measures for the administration of discount interest funds of the central
The Ministry of Finance (SFA) Economy
government for forestry loans
S CORT HIU R A BRI AN AL W 4 T J0R R b B B < F 3 a0 )
20 2011 T Notice on organizing application for subsidy funds of bioenergy and
The Ministry of Finance . . . ’ : ’
biochemical raw material base
S (AT AR AR IRR i 4 TU0E 5 B AT 0D
21 2015 S Interim measures for the management of special funds for renewable
The Ministry of Finance '
energy development
MR 56T B CbRll A= 0 )5 B 95 2 EER A 5 3% CBE— 410D D 4 BB
I Z kAL Ry Circular of the State Forestry Administration on printing and distributing e 7S
22 2017 . . . Instruction
SFA the catalogue of main tree species for forestry biomass energy (the first norm
batch)
o 5 A U T U B
2 2018 Certification and Accreditation (Ao RE PR AIEZER )

Administration of the People’s
Republic of China

Certification requirements for sustainability of biomass energy
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Tab. 3 Inputs of soapberry biodiesel production

BBt EXIN il
Stage Input Value
N/kg 83.42
P,0s/kg 41.71
K,O/kg 62.56
459 Diesel/kg 21.05
BRI 7 (1 LR8O .
Feedstock cultivation 77 Gasoline/kg 2.24
(1 t of dried fruits) 4 #57% Herbicide/kg 03
Z HU7 Pesticide/kg 0.73
A7 Fungicide/kg 0.012

J 5@ Transportation/km 30

T A T 17 Electricity/kWh 231.97
Production of soapberry oil
(1 t of oil) 7% Steam/GJ 3.07
s gy ) ElecticitykWh 40
Production of biodiesel FFiE Methanol/kg 96
(1 t of biodiesel) o

7%V Steam/GJ 1.57

T = JEORLES 1 B BOBCHE AU T [ A 2 il 0 A S B A s s R T
TP R K P S A P B SRR T 5 25 SR (18] - Notes: the data

of feedstock stage comes from annual actual data of a company in China;

the data of soapberry oil and biodiesel production comes from reference
[18].

J3 70, NS A 2.6 1% TH I 20 E N, =
e S SRR S N 170 405.75 T3 70, R
A 12 780.43 Ji/hm’s AT BT 5 F (5
Bk 58 2O R HEER, 7T RY 1S thm?, 28
7EBENEF, F7E TR 4.5 vhm? 7T R
v 4 Jo/kg tH 5, FE I FE 419.57 J6/(hm*-a) .
Bl 1Ca) T g S e Sk i i 1 B, IR R AR AE
57 ERIRSE T, PR DA TR A4k 0 B, T H
TS 19 SEHL T NE, 5 20 LB RiHIRES 8 391.38
Jo/hm?, B IR 28IE 5 594.3 J3 0. #KI H R
FERK A S0 FECR BT, FoRHY &4 se Bl Bt
W ai 15.69 Ji7G/hm?,
2223 M RBER

T H #7120 £, 6 666.67 hm? 61 A% 35 45
SRR S AN 175 005.75 376, SRR N 13 125.45
JG/hm* (K 4) . HE 1) A5 : T H 7225 10 G A
A, BAtseHl 4 011 76/hm? NS, S BEAE I
AR N AE 0 H A W0 ) R, Btk
15 53 511 Jo/hm?, S FNE 2 675.55 J6/Chm*a); Jif
B B 2835 35 674.0 J3 70 4585 150 H W BR &
K& 50 FECRETFR 1D, FoRM S5 sl Btk
8 20.2 Jju/hm?e TH FEH 20 P, T RARRE
SO e e e S A s C R T 9 AR SRl AR, HLYSC 25 384
6.4 155 B T H I HIM 20 FF LK E 50 4F, LR

R R AR BT USRS AT 3G 2.8 £ . B G
Frolkp R R, R RS AT Bk . 25 B 2019 4E 1)
SFIT AN 9 Ju/kg THE, W H 7E % 4 RS
52 FCE 5 ORI AR AR, 5 20 AT SEIL R TE
Wead 41.35 Ji70/mhm?, FE35FE R 20 675 J6/(hm*a).
223 BFBEIMALIKSR

P b 3 Ffgs A 2 % 23 B mT i, 5 i Rk
MREFFRLES PR EZ R R N E MRS =8, &
etk 5o RS AR A T AR I, B
THR&EMGRE R, RHEMREEREA, K
A B % T e 45 S RE 77, ReSR ATk N 45
B, RPN m ek S R AR
R R R S Bk 4.5 vhi?, SRR R A
1) 3 i o DRIk, BP0 H e N2 2l o s AR
BE 2 £, 0 H BRI RE S 88 J ot i T S AR R R
B

DR, SRR E: B B AL B AT Pt R oM &
T bl 42 20, Hee AR R I R TG R 5 &R LM
T el R Bl 0D s 30035 B BRI RIS G o ZEARME
oA ER R R S B R O —, B4k
IR SR AR K IR EE A B e R 4
5 i E G 6 K. o8 FIAEL M &
BB H AR R O, BFE: Bk g
s N 2 SR B AR P, 3 A 37 i FH X8 s %
3555 BEAE 495 ~ 825 Fk/hm?; BHAE BT 3 B T,
60°FF 7K 1 FEFI A m* BU T ALOR B 16 ~ 18 45
K2 5 H#E AW (25% FFRIFAE), 4F 0.33 hm?
HORETI 3 A T B, TP 45 R A4 it A LL A3
N NIPIK =2.83:1.00:2.04, 7% I A 5 4= 45 it I & (1)
EE A5 9 R B : NC(40% )« P(20% )+ K(40%), ¢ HIE -
NC20%) « P(40%) « K(30%) , H: 5 A : NC40%)
P(40%)~ K(30%)7%; F= FLjp HUE AP i BoRP 2,
XL ARG X TE R T AR R [l SRR AR B A
FEAE AR AR R
2.3 PR EL
231 #F—RAFRZFHAE

PATE BT B, TS B 10% ~ 27%, Fi ¥y
Bt 40%, Fhae RS MR RIS, L — 2R P L 2
G kas 43 M 2 B 53 g i IR 287 R 2 S R R

FRAE b R AT 45 SR AT e 472 18 T TE R T
AW SR AR PR R AR IS AT RS R A
N 5605.88 Jiot, ST 1t BT TRV EF
18.65 JG; FEALHE 5000 t B T RELBH AL, F
SRR JE R SN 3 286.66 J T, T 1t T
TR F 65733 6. AT WX T EEFTS,
1t TRA P AR S I S B IGR SUN BH 257
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Tab. 4 Investment of raw material forests in three cultivation patterns RMB/ha
e iR A #it 1~44F. 5~204F
Cultivation pattern Period Item Total 1-4 years 5-20 years
St Total 117 753.660
¥ Construction period /Mt Subtotal 37953.660 37 953.66
1 ML ?j‘%
EI%?ED.‘"‘ A 3442500 3442500
ngineering construction cost
LR
S R R Indirect cost of engineering 352866 352866
Seedlr;gatctlelgivatlon 278 Management period ~ /)vit Subtotal 79 800.00 5100.00
B2 3
Fertilizer & pesticide costs 31200.00 11950.00
2
fﬁ s 36 000.00 2250.00
ostering cost
Collection & transportation costs 12600.00 900.00
BB 35 TiH &t 1~44F 5~64F 7~204F
Cultivation pattern Period Item Total 1—4 years 5—6 years 7-20 years
St Total 255 608.625
253 Construction period /)it Subtotal 50 108.625
TREF W
. ki . 4545000  45450.00
ngineering construction cost
T AR
PR — 4658625  4658.625
Indirect cost of engineering
. 2275 i Management period /)il Subtotal 205 500.00 11 400.00 13 050.00
O CRUE i
High scion & head- AEXI 5 48 000.00 3000.00  3000.00
changing pattern Fertilizer cost
sl
Z?g’]% 12 000.00 750.00 750.00
Pesticide cost
&k
?E H o 108 000.00 6 750.00 6750.00
ostering cost
%*A\W >, 21 900.00 450.00 1 500.00
Fruit collection cost
SCiB B
?%‘L‘ﬁj‘ . 15 600.00 450.00 1 050.00
ruit transportation cost
B I 35 TiH &t 1~44E 5~204F
Cultivation pattern Period Item Total 1-4 years 5-20 years
Kt Total 262 508.625
253 Construction period /)it Subtotal 53708.625 53 708.625
A=} ?— 3
EHE.L&% . 4545000  45450.00
ngineering construction cost
AR LT
i . 4658625 4658625
Indirect cost of engineering
Tzt
Collection & transportation costs 3 600.00 3600.00
%ﬁ”%%k%ﬁ,ﬁ 22’5 1l Management period /M1 Subtotal 208 800.00 13 050.00
Clone’s cultivation
mode AEK 5 48 000.00 3.000.00
Fertilizer cost
KU
Pesticide cost 12.000.00 750.00
fﬁﬁ% 108 000.00 6 750.00
ostering cost
L ATA ﬁ:,
RERUMTR 24.000.00 1/500.00
Fruit collection cost
LG
RN 16 800.00 1050.00

Fruit transportation cost

VA« S AR SRR AR ORI e e i S8 X 0 A 0 >k B TR 1 Aol SR AR P2 24 o Notes: the values of seeding cultivation pattern and high scion &
head-changing pattern come from actual data of a company in China.
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200000 4 w F AU Accumulated profit 250 000 m 2135 Accumulated profit
150 000 | 200 000 |
~7% 100000} &g 150 000 |
g = =ho)
<M <m
\55 50 000 EEE‘, 100 000
A= 82
=S 0 =% 50000}
& =%
~50 000 0
7100000;rm@[\oooxo—t\lmvm@l\oooxomomomo —50000 NRuIeR
AR <t T e e e NN NN <t <t

2 — e ) —

—

T AL bR I B AR R 26 JLAE « The numbers on abscissa represent the nth year.
B RS i B (O M RABH B (o) & 4F Bt diead

Fig. 1 Annual cumulative income of high scion & head-changing pattern (a) and clone’s cultivation mode (b)

1) 0.3%:; i 5 JEURMEE AN 2, Bl IR 6 00 E 3K,
AMA A P2 IR 2R gt 2 7 R R T . IX
B AT SR TR S 0 TR VA AL R AR, 5 U] R 2
A= b All, ) 23 (A R
232 SEFFAMZFAE

DALt T RN BAL, Z97] 73 85 500 kg 1R
B2, 200 kg FiA= AT 300 kg Fh5e, SRR FE. 52
B I B0 i BB, B R R AR s o
THERE G790 J5 20 BRh FE AR A, Fh5E 2B Ak A5 72 Fil
FENE T s AT AR PR AR H I, VR G B
DFERL (R SOUS0L, 5 3 Rl 58 1 22 TG 77 = b 2B 72
LR AR T TR AW S A (R
55, LUFEALEE 5000 t FRIME, JoE1 287
BEPE N 15904 T30, B E 35% tHE, #i
N 5566.4 Jigt/a, AT 1t T RF A 11 132.8
JG(ER 60

£5 REFRMIF=mARK
Tab. 5 Products of soapberry by deep processing

TR H R FE
Dried fruit Composition Main product
40% 2 (L1150 kg) 55,
HBe F L= (850 kg)
Peel(500 kg)  40% saponin solution (150 kg)
or handmade soap (850 kg)
AP (4180 kg)
T o Biodiesel (80 kg)
Dried fruit gtlji Kernel Hil ()8 kg)
(1000 kg) (200 kg) Glycefol (8 kg)
AR (25120 kg)
Protein cake (120 kg)
Fe T (2945 k)
Seed shell Activated carbon (45 kg)
(300 kg) &

233 5B TR THERERX
HH DA _E JEOR AR A 6] 55 B A CRAS [R) AR r= A =
TR aR M R] e U T R B P L B, IR 45

AR A, 2 ERER] 2, R KRR B2 3
PV 25 R a s PRl SRR AR B, Rl A7 AR R %
VIR 7o BRIk, ROl A= J5 e U MR IH — A 2l o
PR 2 B P T Fr e R B . LB TN
o], A QA 45 0 M R P ] JRUR)BE AE A BR T Bk
FELAEW R AR R b SRS I R 2 Ak B R A AR
P S B IR LG A R R, H RGUH T
e, S B (B 2) .

TotE R M FORHE B R AT Cd . TE T
TR R A o ) R R A OGP s T AR R AR A S
JAH I b B e AR P s R S . PSR AR
3 R SR R PR R 2 1 L s S g F R
AR = 4 AR, oA 7= ) L RE T T AN 7= b 1)
By RS RE . BEAN, P SR IN TR A a A
AR &AL, FAEEDRE R R IE . 2
= ] SEILTG AR SR S TR R L, B K AR FE
B ARG BE FE A AR 72 AR, B v 7= it P DDA, 32 3R 855
tho AR, LI AT RR AR R R . W e
BT R AR SR AN, S T
Ml B B R ER
2.4 FEAERFEFER I

EEx P R RF BRI R EARE LR 4 N
[f: (1) 5528 BV BRI BUR o A AR A4 52 e TR
R — b i 2F 5HE R AL
2 257 [ 5 B0 BN BURE, 38 RORR IV B o T T
SE N 3 000 ~ 9 000 JG/hm?, % B &5 AN AT 2 A
3000 Jo/hm*e (2) 557 [ 5 R0l Al R bR 2 E0E
25 AR ST MR AE 0 5 RE YR Ak AR Folr (L
Hly 2 Foft 5 B YR PR = 52 1R SR AT R AR AL BB . It
Ab, BURF AT 05 31— 8 FUS, BLA 05 5 B IR 11 £
AT IRA R AN AR B 4 Bh . (32 Bifit B
Fo bR RS KB RE R AESE R4 A e U
— PR BB . (4) 5 b S8 P T LA
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Tab. 6 Output value of products in the deep processing system of soapberry
ey i LiEZR R kX UCSPTR ! FER FEAE/ T TG
Name Average market price/(10* RMB-t ') Output/t Value/10* RMB
T REER) Dried fruit 5000 /
— R Core / 2500 /
1. Fi{= Seed kernel / 1 500 /
® & B Soapberry oil / 600 /
@ JCHTA Y58 Soapberry biodiesel 0.73 540 394.2

2. 5% Seed shell / 2500 /
TURBT IR Peel / 1250 /

1. 273 Saponin solution / 875 /

2. B Saponin powder 30 89 2.655
ZTRTIETER Activated carbon 1.25 500 625
PU. JC 275 [ ¥ Protein cake 0.25 600 150
i THEFAHHUIE Organic fertilizer 0.08 1000 80
75 T FF T2 Handmade soap / 1000 12 000
41t Total / / 15904

T B i RALAE AL HES 000 - IS AR SR KT T RIS T Al S bR AR AN R, A o (R SRR T Al AT
HEFEAR 35 RT3 P 8080 s </ R AR = B P2 B Al AN DOZ By 3272 i« Notes: the output of products is estimated by processing 5 000 t of
dried fruit per year; the value of saponin products comes from the actual data of companies. The value of other products comes from the report of
feasibility study and the average data of market; “/” means that estimation of value does not take this item as the main products.

1 1A

Leftovers from

Jek AR b R T RS

Feedstock culture system of clonal plantation

ALK

Organic fertilizer

the trim
= B, SR
= Electricity, gas, heat
<
£
2 TR S Nuts S Skin of fruits
> | Electricity, gas, heat H IR RS TR RS
:§ Biofuel cogeneration system Biological saponin production system
D B
ol W, R 3
N g Leftovers from slag cake, seed shell, etc. % _5
%ﬁ % AL A i g ;;
p E | Blectrcty gas, hen ] RSP B Ak B g
g2 Production systems for high value by-
= N 1 n—
& Fhss T e 2 o, 5 products, such as seed shell activated £ e
Nl ; J@ h = carbon, etc. =)
2 Activated carbon made © > N
= = 3 ¥ = .52
S from seed shell i r, 2 3% 2 - v E i
N a - 5 8
£ ®2E 2R dok. R B X5 8 wEE
E -2 g z Wasted water, gas 2385 N g
P E § and residue ~ ,@ =
: Wasted gas B AN 25
Environmental integrated processing system
K2 JoEredkah— A 2 50 s

Posiith o DR B A= W) Sl FA0 4 B, S BCIBURT AR 114
S FE PR, R st PHIZAT I RS, R 2R

Fig. 2 Pattern of poly-generation industry chain of soapberry

AP SE N T C B AR S, A5 A ) A TR

B Bl ZORLEA SR RN 5% 1) AP S,
TR J5 K 580 75 5 & 47 Mk b v S H in il sk 2 JF

.

3 ZERE

COFE <R — AL ETE R T — e &

MABAL RS B KRR, 1A — RSP RA B 2 5R>
BRI L) S S H At A= ik ) 267 285 DL A

TOuB, AT 1 e BT AR S, JEUR AR [ E
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[ 4] USDA. Indonesia biofuels annual 2016 [R/OL]. 2016 [2019-10—

CO, H 25.38 t; Mk 42 2E iy il 1] COyq FFIE N
- 1941 t/t, 544580 (3.72 v M H, 8 HE & IA
621.77%.

(2D LA 20 450 H & 3, 1% 2017 5RO sy
4 Ju/kg THE, 0BT BRI A R IR T k&Y
T 1 687.68 Ju/Chm?-a); 5 T K JE P R AR BB,
FESS 10 A BRI o] e AR, 4E 245003 9 2 675.55 T/
(hm?-a); BL 2019 4 (#1724 17 37 th #% 9 J0/kg T4,
MIAE S 5 4 RIS [al e A, 4F 313 2 20 675 JT/
(hm>a) . 1t Jo & 7 5 A 7= A 1) 58 - 35 2 7))
18.65 JT, A= B K= PR B A 6 573.3 It & TE
B — BB —AR 2 B PR BE, AL 5 000 t TR
MU RN 5 566.4 Ji70, AT 1t BE T+ R
W25 N 11 132.8 76

(3D R T 1 28 AL el 45 20+ 22 1 7 7 ol A A
AR AR M ey R R R e I ER AR 5, A Ak
SEL L R o Rk — AR ) R R AR R R,
s BEBUR A 1130 . S UBUR H & AH G EUR (R ks
FEMPAR 56 52 78 38 PR H U BRI B3R L B S Rl
AR AL B BUR, W B B BOR, IR H) A L8
B b A= 58l ¥ 58 AR S R HE T R A BRE .

(D ARSLEET P IR 7L, LAIE BT 8, A
PR A S e BN T A R AR R AR 2 0 SRR A AN [
P AR A 25 2 as, TE R T BRAR ) P2 b R JR
3o FoAth HURL RE DS AR Pt 5 A AN [R] () 22 3672 =k
AT, v A FUIR T % B RR AR R R . R
Bz SRR B AR AR 7 R ST 7 AR — B
0], (A R T 28 45 UMl AR ) 5 RE YR A —
A P R R T — R AR, E15 K )
e

Bogl SR AR R AR S R B 2R R RS SRR SRR
Ee Lo, BT S AR IR AR E R A IR A A AR
REEYRHE A WA F o E R Bl 2 TRERT AT AL E
BEBARA T, Z Bt a WA w. Lt A ER AR
(AT
2 % X
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