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1) BREM. BB G0 (i AERERES)
(renewable energy directive, RED) (2009/28/EC) HAVk
BTy, AN AZ W F AR TR i BERRTI A (1)
AEYRARIRRL B 45 VR B AR AT TR, A DL
W) T8 O AR s AR ORI B A R mT RE PR B H T sl
PEEER . SREMERYE RS (TR RORRE 1)
(renewable fuel standard IT, RFSIT) AV E T HEA] F
AR BB IR I R I PE H AR, R GHG HE
T SN R R bR T T TR PR AR

2) IANUFFRE. W RESEA W) RS DR 7E 4 Bk AR ) i
BE TR L VP4 R v 470 38 o R B T ) A a1
MR SCER141 480, BRTRERER /DA 67 Iinf fFa 4
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AFpRFEE, LR B 2. AR TCHEN

558 AR TSR IE Y J 1 >R 1R, 4810 350 ) TR T R
] R g4 P A A A 19 Bonsucro ATE CRIT 5 2 1 B o gk
B CATIE )« A 3E R i my 457 282 AR 7= R0 1 mT e LA
Fie v 7 55 I ZH 2R (roundtable on sustainable palm oil,
RSPO) ¥\ IE R AR AR L 25 1 &5 (forest stewardship
council, FSC) MIAIESE, A7 8 B 1) H ik 55 v Bl
J7 A UE . i B Br oa] FF 22 Bk WA IE - (international
sustainability and carbon certification, ISCC) Fln]£f4kL
[ & B 4 21 (roundtable on  sustainable
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i, RSB 7t H C J& A A #r . ( RSB Global
Certification) [l T & 7% TRk % RED KA iE
#r#fE (RSB EU RED Certification) . ISCC 1J LLEl %} 4%
Tl 1) 1R A 400 0 e OB R BB E AN 8] 4 T B 2 A E
Bt ISCC-EU 2 BR B 2% b3 23 WA A (R A ) Jo /g ml RF L6
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Table 1 International bioenergy sustainability initiatives
BRI AT SRS fetptr  geng SIDRREI U e e x
Initiatives Abbreviations Organization Year cographical Feedstock (s) Bioenergy covered Types
g gy yp
coverage covered

D - ! iy s (67 8N Eit BRI e T e T P
AR A A i R VTR 45451 BLCAO . BB L T 2009 ) GBS FA Bk} BURE
Bonsucro R4 P bR Bonsucro Bonsucro 2010 AEK HE RRL IAEFRUE
AT e P HRE S AUE 25K NP SN SN e e NN
CHEsR LR CRBS(DC) W TR B 2017 eS| VIECESE ECESE NEARHE
FFSC AR 23 5 A7 A FSC-PCFS FSC 1993 4eEk CARRARF= Sk 3 T 2R A ) NEARHE
GBEP L) i fig il RSl 4i b5 GBEP-SIB GBEP 2011 SN Vi G e EP5Yai
] A LR GIE ISCcC ISCC 2010 48k GBS IECESE NEARHE
W TR FTRRSME AR UE ISO-SCB ISO 2015 4Ek P VeSS EsYai
PR TSk R LCFS TR 2010 et P B I A k) BRI
e A B b2 NEF JERRFE % 2008 JERRE % AT FTA I A RRL AEARHE

A A . egpy G AR H At P
R REN R 4 RED ] 2009 R CWAREELD  PrARE I BOREM
Al AR R 1T RFSII EE AR E 2010 SRME CHFERHECD VIECESE JTA IR} BRI
AR YR R B 4H 41 425K/ RSB Global / - - T AR g
KB RED A bt RSB EU RED RSB 2010 SR/ VIECESE A AR NEARHE
ARSI/ S A bR HE - RSPO-PCSPOP RSPO 2007 BN Friah RS INIEARHE
e [ N A S R S 25k RTFO JEE AR RRE 2008 P GBS JTA IR} BRI
PR LB P23 W AFRE - RTRS-PC RTRS 2010 Ak PN et NIERRAE
b AT SEKAB ELVG LR DI (A - R N
VA AN ESESE an =N SEKAB-VSEI (5B ) 2008 B5y B (40D o AR 2T INIEFRE
FEA AR FR IR SFS EL PG M S 2009 By e ApsEih BRI

3) HEMHE. 2ERAED R R R (global
bioenergy partnership, GBEP) &5 /\ [H & i 25 i 3
55 23 ANEKF 14 ANEPRA L E R, el T
— BN RS EY TR ER AR, F T3 B 0 1 R AN
BRMUR 5 B i e T RS R LR, X PR bR A
W IR B BRI, AN A BR AW REJRAK £ 26 R R A

HIFAREL RO, 1SO 75 2015 4ERAT T (AW BE Al R4k
bR #EY  (ISO sustainability criteria for bioenergy ,
ISO-SCB), i5 71 A Fl s A OGP A — AN m LUSL [ fif 5 vl
PRtk ” MOHESE RN, bR UE AN Fabr A, 1R
25 B A R RE v R LAk e L AR S S PRk S 25 1
HIARE LI .
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AN FRIERR IR ZR

AR R Jr 2 AL T T T AN 55 T 0 S A
SEHTFT Y GE IR B, 2005 fEAERAES K RIS
BT Ao MIER B 8 SOk nT FE 82 R 8 1) = K SR
(three pillars) , XA A A9 0 RE W] FR SL 0T 50 1) 3 2
o g UO200 AT T Rl 4 A ) R i ISR R b o X S
T Ak 2 R B8 0] RF 4 24 47 R R A% 0 B T AR — B
(1), AE BTt O H BR AN E], B S AT BT AN IR . 4
U, BLCAO. RSFII fil LCFS ¥ %5 5% [ /L4 i fiE 1 3R
R, JFARF IS LS AU T W . [H bR
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2.1

HRAR ZH U B OGO AR W) i RE AR B AR, J5 8 T
A= W) Jot fie MR T %2 42 T H o ( Bioenergy and Food
Security) , JFR T —RIIMARAE. Fabr. S
BRI PR S FE 5 [ AW g T Rl k e PY, Jf4E GBEP
AW i fie v] RS bR A Sk A0 BT AR S 4R BE I FR ARG
7t Bonsucro 55 LAY SRR E AR HES, 235
MY E N BN IR Z (R 2) o 18R, RIBUR
SRR R — 4 B0 SR IR AN AR . FAO MR
B2 A UM E g 1k« ARl SR IO AR B R F P
R e P DU 7 1021, 1SCC AAE M b5 K 3 A5
[, 1M Bonsucro. RTFO Z&AX 3 o H A i — AN Jy 1l o
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Table 2 Sustainability aspects covered by initiatives

5L AT
Environment Society & economic
2 7k?ﬁlﬁ4ﬁé/ﬂ*u i%)ﬁ%%u’* 2 R sk I Zz*:;r\*u’f"'%
Initiatives EERGRT o PR mi PIPER S pgge  RRE it
cosystem Wate}r Soil quall.ty' and Air quality GHG aste Food security Rural' and Others
protection  conservation &  productivity tection emissions management social
protection protection protec development
BLCAO \ V \ J J J
Bonsucro \ N R \ \ \ \/ \ \
CRBS(DC) N V N N N J N \ V
FSC-PCFS N V N J N N J
GBEP-SIB N N N N N N N N N
1scc \ V \ \ \ J \ \ V
I1SO-SCB v V v N N J v N J
LCFS N N J
NEF \ J J \ J J
RED \ V \ J J J \ J
RFSII \ N N N J
RTFO N V N N N J N N J
RSB Global/RSB EU RED \ V \ N N J \ N J
RSPO-PCSPOP v \/ v N N \ \ R \
RTRS-PC \ \/ \ v v \ V N \
SEKAB-VSEI \ \/ \ v R \
SFS \ \ J

Ve AL, PR e RAR ST T

Notes: Others include employment, gender equality, and health, etc.

A FRSE R bR E — 5 5L Cprineiples ) - E )
(criteria, sub-criteria) -f&#5 C(indicators) 3 N2,
ISO 1) T RFLEA W) ST REARVEE) HhoR ) o JU AN b gt
AT T feRe: JRUNAAREL 2 BRAR H b, 1o fE RN FR 5 17 5T
XP AT RELPE (1) PR AT ARG DL AR R EL S B .
TORREEMEA S NI AER 5, JFRIE YA R
PRt A 4 T R R VR 52 2147 30 J2 T 5%k . GBEP
AR TRE TAR A S 5 . LS F&s 3 NYEfE
FEH T 24 TUATRREEARFR, RSB #2411 12 U WIFI 37 1
HAEN . — B2 RAH NI, 40 56 R [ 5K S 5 = 4
0 T RREE AR e aE IR bR AT TR, i SCiR[23]
HHEMAIEE SRR T 19 ifebs, k(2416 Eitt &
MAFFUEFLHE T 16 Ty . 3R 3 X IZLCHENRIAR Y. )
FRARIHEAT T RS ELFN /025 (HAS I, g, f

SRLHHX 3 DY A HA ST I, A7

EREAZ X AT fltn, fedi et A astE
P, WA R YE. SCHER25]W 0 3 AN EEE TSGR L
FTEATIEEWEST, I SUMEE 5 25028 XG4y I IR 3%
(eco-efficiency) , T HHURIH] . BRIRATS Yl
B, #2554 SR 4 AL & 48 5% (socio-economic ),
TR 5 O N R YR 2 A5, A SN AE MR A
FH43R85 (socio-environment) , B G IR AL %K
I A K2 7T
2.2 GHG HEMIE+R

T ARG R rh S s S orp i A, B
[l B N, AT DAY 2B 9 5 R e A F B B R R, L
A=) RE GHG HEBGE 7 v 4% 8 % Th A1 (carbon neutral)
SRAZHLRO, HE, ORI SR I, AT RESE AL
KRG, AEYIAREN GHG HEBN A= 2E iy i B £ B 2
e, DR EA R e mtE, nTRLE 2 KRR FAR
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Uk, A B GHG HEBUR AW g n Fr 8P4 1) 5 2
febr. GBEP $&Hi 1) 24 Wi Fr84abr, GHG HEH: 51
NEE 1 T RSB WZEDEL AT RS AR = s GHG F

TN 3 . SCHR[301X) 35 T n] FRa4eAn i) BB g AT
THEP, 253 B8 GHG Hems ) E ZEEHEAE B 07« SCHR[31]
SF BRI 25 AN % B LR 9 ANk B B TR 25 A O
1) 5 AR, ] RRELAIE N A Bl GHG HEE R IX
—FRbR o SCHR[3215% 4 0 Hh X AR ) 5 ] e 280 FH f ml Rt
PEAS AR AT N 1 6 a WF9T )5 o, IRBE4E R i 2L d
Fr ok A Az A GHG HER
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Table 3 Main criteria and indicators of bioenergy sustainability

4% Pillar YEW Criteria

JEFR77 15 Examples of Indicators

GHG “F-fif GHG Fli
e TS BATHURR; e R RIEEAE
K A Emﬁim@%WE:g@m&;a%m@%%&;%%ﬂ%& A N
) iR R SER B AT AR K B 1 o Ll s SRR BUK R 4 s SR AR Bee - AT K
i LY A RE A e A i R R S5 4 (SO, NOx %) HEjiR:
Tk - A WRE IR, — RS, PM, 5 WP PMI,O JIQE
Environment RN SE (1 1R 2 0 22 RV O B A 2% R G b by LB W B 26 72 (M T BURI EL 081 [ 58 I R R (2K
W R D ik T A B IR A P T AR L) s 1R 5 1 PR T A e A = e ELASE P 4 D ik ) L b T R
LA
)| Hh IR A
T A Re A= (0 1 b B TRRR A LR AR IR L85 FH 1A= A 7 10 b TR o A6 Ml - b R A8 R 5 282 X
A A MRS AV RN = BN, BIRY KW, Bmois g B b ot A mREd =0T
B MR AR 1 R
s GRS Y ADBRIFVER; SUROTFIEWRE; AR ES SR KR AR
FEEEIL e TEA A E AN S A AR S BUR UM R4 1 AT 5 AR A B BUR ) il
P ?%\mﬂWH%%Q%XQQ:a&&;&mum%%:m%xﬁ%ﬁmﬁ%&wt#%%:mﬁMW§m
o BEJRIN A T BRI A A ARk 3h
Society 2 NBURIY B TR
AW TR A AR EL LA T I T A RS AR TERE RS S KON s SN A P A A R i PR R
ARSI BERN R (¥ R AN LA FH AL S8 AR 5 A0 FH 2R A= 40 T B A FH 1 28 1A 8 R L3 A 0 AL 11 3
i i)
g 3 i = WIHZE T BN R R RGET R
BRI IR W) OE s e J i S & <P IRE 7S] ME: P BB /)N i -b 7| PO R B L2t o e
g A %ﬂﬁ%&@;i%ﬁ%gm&m%%m%ﬁiﬂﬁ%;i%ﬁ%ﬁ%ﬂm%&ﬁ%ﬂmimﬁ;i%ﬁ%ﬂ
&;$w FH R — R IR AN AR
ol A TR A SR 1) B I
A e r g AL

Ee 0 IR AR R

Notes: ““” No quantifiable indicators founded yet.

s GHG HEIAE A — I (R FR b N AR 2R
JIHIBCRHESE, A 2 N RBE R, B GHG HHBZ A 7k
PRI E A GHG WK E . Hir, KEHEHW
T REFRRAR SC B I AR a6 AR o e 4 A i 5 GHG HE
JBOTTH P 2R, Rk, AW e T RSB A bR E AR
EO GHG HEBUZ S 7 3 m AW« 491401, RED 75 fff s
45T GHG Uz S — ik, Wk #5 &1 — oy
RIFHGATEN U B AT TT A 0759, W1 ISCC AT RSB; il
N LCFS LIS B i< [ 5 5L 56 % /F. GREET (greenhouse
gases, regulated emissions, and energy use in transportation)
BERISLRE - JF % () CA-GREET 1E 4 3 #F; RSB &1 1JF K
T GHG A/Edn A AR 3K 4 g T H iy E 2B
FrAEF X GHG HE A G EEK .

BT R, BT R R, 2
GHG HEJBUZ SRR ST 5 (0 5 8 N O S Bk I A7 A 72
5, RWIPBRESERAARKES . UERETKORER
A B IO . SEH FEZR /KK David Pimentel #(
T 1991 4. 2001 M1 2005 R L RIIFICR L, Heilh

AP K CRERS RS R N S I 25 eP0, fE Ak
PO L W o P R AT A A3 A TR AE S T BA B S AR
(Science) KFK W, WFEEFKLEERA A H Y GHG HE
JBCGHEAT T VEAR ) Meta XFLEAMAT, AATTIACY, Pimentel (4%
IR TN SR A PR R W s, HIRARH B
P RHE B MR R, R, BOR ARESR R BT
EESH GHG WP, 2 a Ji, MARETIA 7 & R A
(Science) 1) —mi5daH, FHFE AV RER A H
TR AR A P A TR AR R, R LR X — S,

PREE CRE AT PR B IS5 [ 1K) GHG HEBEY . 24 AR mF5TA
WX LLOC T AW T AL S 45 A P, 0] Hps:
YR REBUR AR AERE TR 2K . 43t GHG i
YR — I E R FR bR N B A AL ) I BORRESE T
Jois TR AN R R AT BE M I LA S DR,

FEMEER M GHG HEBUZ E RGN 3, @] i o W
Jiid, LHOR AR S EUY GHG HEBGE i CARR A

FEATEN A A iltan, 0T 1A% L 1A FHAR A ) R, BR
WA 2015 Al I BT A TP UK LA RS Ya .
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Table 4 GHG requirement in bioenergy sustainability initiatives and criteria
IV e i Ay G EEHEY HETWAE EEEENEY SR S
st O BT RS RIIRE Tyt asimonm R e S GHG W3R
Initiatives emission calculation Co-product Land h Baseline fi Indirect land Al lized land GHG reduction requirement
and use change aseline 1or ndairect lana use nnualized lan q!
method treatment . . S
considered LuC change considered  use emissions
- 10% CF) 2020 43448 AR
~ B} >3 H =)
LCFS CA-GREET % BAGL & & 30a TRV 10%)
ISCC  ISCC a/Efn MW Retd A 7 2008-01-01 7 20a 5 RED A
TN " 35% (2017 4ELAHD 5 50% (2017
e g“EGP‘I?’ HhasE fiE et ki & 2008-01 2z 20a 1 HLJE) 5 60% (2018 4F 1
L — M5 N
AR B ED
R AR A R AR A 1008 (2% 20% CEPTFHAERED 5 50%
RFSIT  #BI IRAL B RO £ 5 Al FY AW 2 2007 2 302 ( L;ﬁ i CEISEMD 5 50% CHeibRED ;
BURBE T IR R R 5 60% (LF4EZIRED
RSB Global: 50%;
RSB GHG 44 AN 8% B = 2009-01-01 75 20a RSB EU RED Certification: &
RED
RTFO 5 RED [ B = 2005-11-30 w 10 a CHrlEICD 5 RED #[f]

7£ GHG JRHFE R e b, 2 3B FIARHE R H 1)
TR E A GHG ISR ZR . SRR K 1)
BT LU BT AR ) 0 e 1 R — A e AR cHE 223K
W A R REEAT 3 2, e AN [R) PR 2R 00 15 AN [i) 1)
BRI E R . S AT R E R e b, e
L8 T AR DX B S S B L DA RIRGHE H b 2238 X
w8 2B 5 e 4 2B oy A HE U AL ST e T ORI,
WIEH T E P AEY R GHG HEux &7 &
GHG WHE R B8 T RAF At #lin, SCHR[39-4710 A
BRI L TR L L N TR S A A )
AR AR TR T A A f VA s SCHR[48-5110 A%
AR o FEFF MR Y R B AR TR T 42
A FAVERY . SCBR[52-5710 VR A . AR E TR
TR ZERAARAEY) SR 2 867 55 ) AR
FERE T 4 BIHPERN

3 Y RRRE P FR AL BUR FOARE X A W R RE 7l BY
B

] o b 32 1] S R0 DX A G mT P A R YR R B A 4
JTLRE ML RIAE B2 25 e vk T RFSE A=) o REHE I B F8 A
AESTIEAR R, F LU A9 5T RE & R I ] e 8 Pk 3k
AT RS OSBRI S AT RS . WK RED
1) s A S R R A 30 35 1) e VY 9% v ) Ll gk
10%. A T ARUEFUIIRHERCR S0, AT & TRl
BRI AEYRBARBRELA T TE N RED HAriE. [FIN, X
—RC DL AT R A SR A P (R A IR R, R B R
VPG REIR ST . SEHE RFSIL &AL T 2022 42550
1.36 12, m® W] FEAESRRIE T F AR, ) fA 00k AT
Tor2s, I ORI A AT A R 1 R R (I
GHG HEBCER R 7 HAR k. X GHG IHRU R
SREPY/S SNV § R U S~ [N S TN IS RZ 908
Bl R =R ER ly 60%) A&, BEnrL
Goit NEF4E AR H bR, Bl LGS N Se A R
BECL R AT PR AR H AR

B T AW ae K, A e AR DG 1) P Mk B

W5 AT R BORFIbRERE P o R 22 DA 2o SR A% 1 DA R
B M BB PFEA R LD A, ARk
MERZEIR &/ NSt A RIS 7R/ &/ UNI /A &/ = U A e
SCIBRA—, (HEAB SN — 2, AL
A RFR BRI LR A T LASRAF AL AT,

FEEMRBE A 5 U510, D T AN S 551 B A 2311 42
KA, BREDF AR 2T & TR SR AE 1 ZE YR
BT, (ES 1 95 08 DR B 2% B3 2 b 2 i LA A ke A
77755 JEURHEE RV [ A5 SR AT 532 PR 48 it A~ - 4
P RRER RN, A R DR AR R A R kA
AR FE R T AR RRT . 56 [ mT FE AR R E 11
UL IR T AT PR S RS 3 3, Py A
TR ISRV & B SR KR 2 (AT 1 LK
A AR RE R v AR S B T T A AR
T LL Bt 57 5 A 2R 1R I R R

UEAL, WK EAE PR BN W FF S 2B W) o REAR e S i
A Sy R AR I . W ZR B 2s 2012 AT il Al
i =TSSR ARSI AT
TR RS SR R SO S, A TFA RED
FRFEEAEN KB TR A S S b i R AR e A
FIRFEE R REARIE, AL 5 HhL A E ) R RE K
HESR 7 o TR AT RS AT AW RREE Y R e bR AE
(¥, A=W REmHE BN T 2 A AR R A T T8

4 XRERBTFEIY

4.1 7E (ATEAERERZE) 1 (EYRBERRMX) $ER
iR AT S K

DS T H5 Sk SRV SR M B RE R
s SEORAT T R BCR SCRR o W AN S R 948 LA BURVE R AR T
A AP T RE VT FREAE B R A T ERAEVE R 2R,
EMRRER S HFRK CAEH NP, ARG 5
FIFFEEIEN, (R Bz ] DLS R S ) (i A
DL BHs I ) 5 21 m] 45 4 J2 i 1 AR R A x4
ARBPRAN M e e = WIa (g 5 R . A,
PRRAE TR RRIENEY A CCEM BT Re R R 45
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USRI WA 1 B 5 AR DRI A 10 1] R S
Ko o AT G TRl AR AR (14 £ e A
A TR NEY R RER R H AR
4.2 SYIRRRER FFEEEN IS IRAY I N RARF
TEFAATIRAETE
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Global bioenergy sustainability initiatives and implications for policy
making in China

Chang Shiyan'?, Kang Liping®
(1. Institute of Energy, Environment and Economy, Tsinghua University, Beijing 100084, China; 2. Laboratory of Low Carbon Energy,
Tsinghua University, Beijing 100084, China; 3. Innovation Center for Energy and Transportation, Beijing 100020, China)

Abstract: With the rapid development of bioenergy, the sustainability issue of bioenergy has aroused more and more attention
globally. China is also highly concerned about the sustainable development of bioenergy. But, there are only sustainable
principles emphasized by government with no specific criteria and indicators, e.g., avoiding bioenergy competition for food
crops and land. Therefore, it is necessary to establish systematic criteria and indicators to provide clear and executable
guidelines for the sustainable development of bioenergy in China. Several regions in the world have promulgated regulation
framework or certification standard to assure the sustainable production and utilization of bioenergy. Also some international
institutions, such as Global Bioenergy Partnership (GBEP) and International Organization for Standardization (ISO), have
published voluntary sustainable standard for decision makers. Therefore, to learn the global experience is a good option to
promote the establishment of sustainable requirements in China. The typical sustainable bioenergy initiatives in the world are
introduced in the paper, including regulation frameworks, certification standards and voluntary standards without threshold.
The key criteria and indicators are reviewed. It is found that although the principles of sustainable development are the same
for diverse initiatives, their focuses on environmental, social or economic aspects are different due to their different starting
points and goals. The importance of involving greenhouse gas (GHG) emission as a key indicator is analyzed, and the
challenges on how to quantify GHG emission are also discussed, such as, the allocation of byproduct’s emission and the
impact of direct land use change & indirect land use change. The requirements on GHG emission reduction of bioenergy
compared to fossil fuel are also reviewed. The supporting role of bioenergy sustainability initiatives for the bioenergy
industrial policies is elaborated based on the practices of the EU (European Union) and the United States. And finally, related
policy suggestions in China are proposed. The suggestions include: 1) Sustainability requirement (criteria or indicators) of
bioenergy should be proposed in Renewable Energy Law and Bioenergy Development Planning in China to guide the direction
of industrial development; 2) the criteria and indicators of sustainable bioenergy should be both scientific and implementable
with clear goals and focus, and should be selected based on domestic situation; 3) GHG emissions counting methodology of
different kinds of bioenergy should be provided by government to facilitate industries to meet the sustainability requirement,
and the threshold of life cycle GHG emission reduction of bioenergy needs to be fully discussed with stakeholders and
strengthened gradually; 4) priority should be given to aviation biofuels, bioenergy derived from residues and wastes, and
systematic sustainability criteria and indictors should be established for other biofuels for transportation use in the near term;
and, 5) the industrial policies and research and development funding of bioenergy should be linked with the sustainability
requirements, and the policy support should be inclined to the sustainable production and utilization of bioenergy which can
meet the requirements.

Keywords: biomass; fuels; sustainability; criteria; indicators
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