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Abstract: Model-based system analysis is an important tool for evaluating the potential and impacts of biofuels, and for drafting
biofuels technology roadmaps and targets. The broad reach of the biofuels supply chain requires that biofuels system analyses span a
range of disciplines, including agriculture/forestry, energy, economics, and the environment. Here we reviewed various models
developed for or applied to modeling biofuels, and presented a critical analysis of Agriculture/Forestry System Models, Energy
System Models, Integrated Assessment Models, Micro-level Cost, Energy and Emission Calculation Models, and Specific
Macro-level Biofuel Models. We focused on the models’ strengths, weaknesses, and applicability, facilitating the selection of a
suitable type of model for specific issues. Such an analysis was a prerequisite for future biofuels system modeling, and represented a

valuable resource for researchers and policy makers.
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EYPIRBHIT TR Bde (b)) R GE. BEIRARSE
T IR R G MUK IR R G5 . M — A RN E
AL BTSSRI HE X T A M RRE A e S50 | A= R
REHE A B L2 P TN A= M ARORL 52 e 43 B 25 B B 2R AR
o HEWIREL R G BB eV 2 BA 23K
TG RR e RAEAE  pln, E Br R R
(International energy agency, IEA) &1T1) (i FLiE
TBREEL), M 2006 AFIT AR HL7E HAERL TS T H——
A BEEAL (World energy model, WEM) Hi%j 4=
YRR A FH AL B AT T IG5, IR B4R
B AR AR ) AGLINK-COSIMO £ %)
FEEE ERE A2 (Food and agriculture
organization of the united nations, FAO) [ { £BRILE
FANIRBEAR S (The state of food and agriculture) YAl
ZAEHNLGHRAR AL (OECD-FAO) [l & i (i h
U SO O A 2!
outlook) ) PR ML T H EAY MK . fRZ Xk 2
T AR , ik e bR . BRI B AR B 2k
K, WAEAERE T —E A YR R GE PR,
IR A P AR R B 4R I H - (REFUEL) 1 36 [
H#£E (Environmental protection agency, EPA) A9
LA BORBRE (Renewable fuel standard, RFS)P!,

AR N W AL 2R G2 53 BT T 5 e ke 11 [
R, BB E N AME YRR R G R — O

(Medium-Term agriculture

HEXTR (b)) LRG| REIR ARG | LR 51T
IRATY | BIOWLSAS . RERERIHEI A A 3 DL K A )
AL 33T 5 WL A S 2 £ G ke o R P AT
TIrHr.

1 ENBHR R0 EEHRIE

AW 2 G AT T A TR 2 A ORI Ak
Z2 40 o A MR DY AR G AN TR) B3R 2 T A AR R
Fo MWBTIBEA L JEORHAE - R | SR AL 21
o, ARV B EE AN [ B B A 2 A AR
TPIHEIEFR o Blan, e = R By BE, AR
P LR W ROR R RE TR 1 AR AR 2 ) A
PEEH R R A7 M BB B, AR5 L g
il BRI AT AT R o LEMIRRRL L
AR AR R AT 2O BRI (i
KRR 25 (845 ) | JRORHS A AR 15 25 . it
AT RUR AR SR 52 T ik A A (RR) R BRRL | R AR
B LRETEM AL . BIOWA | BERERIHERL 3 Mg
R K A PR U W AT AL A (bR) Dl R &8
AR )R A R ORI A A TSR S, fiE
T 2R G Y o A T S AR 1 A B S R
FAREIR ™ i Z AR, £33 PO AR 2 05 K
ToX L8 I 5 R[] — R AE B2 Py R AT AL By
H (1),

S~ I Integrated assessment models |

~
Biomass use Competition between Competition between
Land allocation  [¢—p{ competition for food, various conversion (€= vari 5us fuel products Final fuel
feed, fibre and fuel technologies P
Agriculture/Forest system models ! l Energy system models
T T
i i
Y A4
L I Specific macro-level biofuel models ‘ )

!

| Micro-level cost, energy and emission calculation models

1 EMERBRFESITEE S LIERE

Fig. 1 Classification framework of model-based biofuel system analysis.
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2 R (M) LEZGEAR (Agriculture/Forestry
system models)

1R G — A WAL R T B IR R . B
sSOMEEY), wlansEER KRR, BN HEL
PSR DR ) I S T o X JEORI AR A1 2 [ B A 7 i
T 1 B R R 03 o AR PR B RS A 7 2 %)
X 7 T S AR P AR S, DTS e 3] 42 BR
A LR TR B AR L e, Kk, REX
TAe (W) b AR A BILRS 3 JLAE RS B G He ) 14
YRR, 23 A 4 IR 7™ i 1T 37 B8 SR AL A%
R 5 YRR AR Z B YOG 2R o AR SR [ B
WE BRI ST (International food policy research
institute, IFPRI) &% 4038 19 & AR E M 55 AL A
(& 1)

A (MR) b AT YRR SR SR IE R EER (BK)
W= A AEAL 34T . B4, AGLINK-COSIMO #%!
SN RIBEN S ER I AR, B BE TR | 58
AN EBRAT R S SRR . B R A
5 o 1 ] 5 R IX 38§ %) 4 T 20 285 28 0 RIS [ 1B 51
i, HLABEIE kAl T

Ha A YHORL A C AT AR 28 G i 20 S

R1 R ) WRFRE

Table 1 Agriculture/Forestry system models

RUFEATOE o 40 IMPACT LA ] DURE M £ BN |
TR Sy o ALETR & s . TR A ] 548
T, TR AN 4 HE R ASE Bl Ay At T o ke A
B Jioh, AERIRIZE TR (BR) 77 AR
T IR, My kT HarE sk, flan,
H PG KR 2z B T & 1) POLYSYS 5 AUt 32 32
W5 36 [ ARl AR 1AL T IR O 1 22 05 0 LAY, A0
XERZE A E AR N e, B K2 00 7 an s, E
K2 THAEY) T RPN E 2 AR e 4 K
Po, T 12 RS 7 M EERE
De la torre ugarte D 2 IXHZAR AT T8 H, A
TR Gy, JRAEIEUR S AT R A ) AL
BAFRETEAED)

A& (bR P TR RS S TR A R
o7 5 T i ) DR 40 7 DG 2R N 3R S48 OC A M5
XF4, PRHT XA SRS B2, X - b R I ALK
BEURA T B2 4, i LABGE & T B — A R
o LB R B TE RE IR LI AN RE R A AR HESE T
ST A WA RE ) K e B sl iz el 1Y BE I EE 1L
BRI AR, XA PR =5 5K ik = 58 /2 1B TR
WA

Model Developer Method

Applications

AGLINK-COSIMO* OECD/FAO PE®

IMPACT® IFPRI PE

POLYSYS! University of Tennessee Hybrid

CHINA GRO¢ Free University of PE
Amsterdam & Chinese

Academy of Science

It has been used to analyze biofuel market and policy impact in
the series report of The State of Food and Agriculture'®

Msangi, Sulser, Rosegrant, et alexamines three alternative
scenarios, conventional scenario, second generation scenario
and second generation plus scenario, to evaluate global biofuel
impacts and implications

De la torre ugarte D, English B, Jensen K, et al® examines the
impacts of expanded level of ethanol and biodiesel production
and indicates that producing 60 billion gallons of ethanol and
1.6 billion gallons of biodiesel can be achieved without using
CRP lands; Walsh, De La Torre Ugarte, English et al'” analyses
the impacts of supplying 25% of projected 2025 U.S.
transportation fuels to agricultural demand and farm income

Huang!'" analyzes the impacts of China's bio-ethanol

production on domestic agricultural prices, national and
regional agricultural productions and farm value added

a: commodity simulation model; b: partial equilibrium; c: international model for policy analysis of agricultural commodities and trade; d:
policy analysis system; e: decision support system for China’s sustainable development of agriculture.

Journals.im.ac.cn

© PERFERMEDA AT SHESE http://journals. im. ac. cn



WA AR R G H R

505

3 HIFEZZHEA (Energy system models)

A WP AR 2 AR RE IR H R, TR 2
T HE RO 4 4 RE IR 22 42 07 Th A AR . 4 K%
BB UR R G0 5 A B K BLA QA ) BT e AR EE
MRS (R 2). 5 (bR) WARHEURE, GEJSAR A
PLEBRER = b NS X 4, lan, 4Bk 22 Xk
MARKAL #& #  (Global multi-region MARKAL
model, GMM) WF5E R . RIRA . WAL RIRA .
JE . S, VRIMAERE IR N . AR R AR
REVE = S AN T = i pA

RE IR 2 48 70 B A LT 5% i 0 2 BB TR i 2
] A OCZR W LA BT A W RORE S H At 22 3
BB Z ] A AR, ] DA — IR BB R T 45 43 B
AN [] A= 9y Jo e FH ik =2 1) Y 2 £

XA RE IR, 7E A YRR A A rh
18 3] 7 o A () R X % I 5 SR RIS ) 1 IR . AR
RRL JEOBE AR AR K E ], JEHE— AR YR,
BECRR £ FIAR 7 il T S A I A2 Sl A 3K s, B LL,
FEL A TT BB R AR R figp ke [ 80 1) BF 90 5 (T AR DR A B
A YRR S AL GEREIRBOR 22 BRAL K, W J0U DU RR
R Tk, TR Z M5 N R s s 54

(MO BRI AT 4% 4 (Soft link), BXIF & T 515450
REVRRE AR 5 O A W R T . i, SRR fg
JEFH NEMS BRI g B9 BT fig R A B (Biofuel
supply submoduel, BSS) AYEHEZ K A — 44K
HRE AR —— Rl % R 5 DX 3 43 A A AU (Agricultural
resources interregional modeling system, ARIMS),
ARIMS HERI i 5E AP AR AE B Aib2e 80 4RAU0TF &,
S T HEAT BRI 2R e IR, AT DL o0
WA ok i JEORE AT

4 HEHTNHEA (Integrated assessment

models)

20 et 90 AFEAR, Bl AN ZEXT PR RN AR 1k
[ RE ) S 3E , 7E DATERCHY B Bl FIE R T RE IR -8 0%
AR GEVEAL, AR S AR e, BT R4
Trodta s AH L B AW BB, RS2
DI, O AR R AR A ) T H, X
KEEVR -2 35S (Energy-Economic-Climate) #5 %!
&R, HE G AR RIS, 458 TR
(OWR) b FRE A A 1 Re i, TR P S5 AR A AL A ] 5
RGZBIAEIEFRARICHR (£ 3). #lan, EBR
MR G ISR (ITASA) JF % HY A4 25 28 BrAbi il 4]

x2 RBERFEE
Table 2 Energy system models
Model Developer Method Applications

GMM PSI’, Lp® Gul, Kypreos, Turton, et al deals with the long term prospects of
alternative fuels in global personal transport

MARKAL-MAT ECN", LP De Feber and Gielen!'"? determines the optimal use of biomass for

TER energy and materials, covers electricity production from biomass,
biomass heat, biofuels and gaseous fuels

NEMS! DOE! Simulation Kelly and Gustavo''® examines different policy scenarios for reducing
GHG emissions and oil consumption in the U.S. transportation sector

TIMER* NEAA' Sp™ Energy System Module of IMAGE (Integrated Model to Assess the
Global Environment)

WEM" IEA Hybrid It has been used to World Energy Outlook

MESSAGE® ITASAP LP Chai, Chang, Zhang, et al"'*! identifies the contributions and challenges

via the quantitative analysis of potential of biofuel in China

f: paul scherrer institute (Switzerland); g: liner programming; h: energy research centre of the Netherlands; i: national energy modeling

system; j: department of energy (United States); k: targets image energy regional model; 1: netherlands environmental assessment agency; m:
system dynamic; n: world energy Model; o: model for energy supply strategy alternatives and their general environmental impacts; p:

international institute for applied systems analysis.
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x3 FEITEMKRE

Table 3 Integrated Assessment Models
Model Developer Method Applications
DART? Kiel Institute for the CGE Kretschmer, Peterson and Ignaciuk!'® extends the CGE model DART to
World Economy include first-generation biofuel production technologies. And as a

example analyze the effects of a 10% biofuel target in the EU;
Kretschmer, Narita and Peterson!'” assesses the economic effects of the
EU biofuel target

EPPA’ MIT CGE Reilly and Paltsev!'® incorporates biomass energy production and
competition for land into the model;

ITASA ITASA Hybrid OFID/ITASA™ assesses the agro-ecological potential of all major

Ecological-Econo biofuels crops — first and second —generation and to evaluate the social,

mic model * environmental and economic impacts and implications of biofuels
developments on transport fuel security, climate change mitigation, food
security and so on

WorldScan CPB' CGE Boeters, et al®®! analyses the potential for biofuels alongside the EU

Emissions Trading Scheme (EU-ETS).

q: dynamic applied regional trade; r: emissions prediction and Policy analysis; s: the name of the comprehensive method is given by authors;

t: netherlands bureau for economic policy analysis.

57 HASA Ml AE R IX I (Agro-ecological
zone, AEZ), &ERIRE RGAAY (Global food system
model) AR FAEA (General circulation model,
GCM) 45, MR T — A BA S5 R 50 iy 2 B0 £ -1
B4 WKL R S (Global food-feed-biofuel system)s
LR VPN R O A 2, T LR O 1 R
BES

5 BOLRA. AR ER

BRUL b 4 REAIAN A — R T A W 4Rk
AR ST U A 5 T L EAE ] o A X — BRI A
HE T RER AR BERIECR, HE
BT T A& L EARVEAN th OCHE A A . REFEFIHE
WO B %W TSR AT DL it o S e AR I . 1t
R Y AERA 56 B ] A BE PR SC 9 % (National
renewable energy laboratory, NREL) A9 AR 43 A K
AUFD 36 [® BT b4 [El K S5 40 % (Argonne national
laboratory) ) GREET (Greenhouse gases, regulated
emissions, and energy use in transportation) &7,
NREL 4 1 0 TAR 7 BB 23 1 A= W10 A 1Y
WFFTHEZREY AR Z A58 B T 1X —HEZRTF R 40 #T .
WA RSB, KBRS PR, —
Ao 2 ) FH A 40 ) S 30 B 0 o RS, o — Rk
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TR AR BEAE AR B AR IRE, DAERA S B S 32
AR, Yang il Lul® B H R B R R (Mature
model), I Lynd %121, FE 3T TR FUB R ) A
IYMEFFE T, Yang Fl Lul®R i — B B HE 48 X6 vh
B A R TR A 64T T A 5Y . GREET #E A1 [
R4 ELa ) 1z 0 42 FHAPRORE S 8 U5 A5
PIHE R SEOWL 3 A AR R TR AR S5 K FoF- &
RPN GARAE T EI] R A

GREET #5875 B i 7 Hh A 4% 1 JOR 8 22 110 52 Joi
YERT. SR EPA -FFA= SRR THE RN M AR AR AR AR R
FrUfE (Low carbon fuel standard) #BJ& LAIZARAIE Ky
SAT T H . EBAMMPVRUNNH K 2% 58 24 1 40 42 11
LEM (Lifecycle emissions model)!** L& i 45 e 45
24 WAL T AR R b [ A T RE TR AE 5 Hh o X
GREET B FEAT 1 455 AL S5 44 FVER A 1) A Ak 5 %

R RRA ) S EUAR R, PR A B X 2R P A
FHREFEFIHEIGEST WTW (Well-to-Wheel, M4 JF £
) AyHrPOs TR R IR A A e BTV R B
M RE VR T P AR AR T T 4 A i JE YT RERE AN
BRI 5T TAE . 3 E A AR B3 Be 5 3 R
R BE TR 2GRS T BeVRAE Y e i - 4 A
JESPENBEA (E-CEBM), Xt 3k FE MR kL 2 Wik =
RO TREHEAT T AW .
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6 EMMHETE N AR

FURT, AN DR 2 0 2 G 43 W A £ 7
B 2 D3 — R EMIREMACH MRS
SRR, L BRI (PR AL R GRER
AEVR R G RN G IT A AL s R 4R o it
SRR, WELTN YRS R, Rk 30
T HRAUEER G FIEAR (b)) . BEIR . &0,
W85 22 2 4 2 (0 B BT I 5 2 B BT A A, g
i 45 R LA A M O ROM DA R, BN ZE G b s
WKL R 5
6.1 BioTrans REWER. REMEELL

A7 22 BEVRIFSE PO ECN JF&, Se /8 TR &
AR VIEWLS i H (Clear views on clean
fuels, NNE5-2001-00619) (2003~2005 4F), LN
R B A R AL T 3 43 T A A0 B 1 B S AR R AL
43Hr T HBY 5 T REFUEL i H  (2006~2008 4F).,
REFUEL it H i B & fig g 31 2] (Intelligent
energy Europe program) #XHl, Hi 7 4~/ [ ) Wk 23 Aif
FENLA R IR ) . AR . O ROR S R R AT
YEWRE, B TEA R RR A AL PR R R IR, DA
PR B PN 3R A A e 4 e 1) A 1 B K 33 B Y
il 2 o REFUEL 3 AR B I 8T W9 7 1 i) i 5
—JEJFRNE S, TR AR A, T
PITJT I FE R SHRAEAE SC L 2020 4F 109 /LWy iA K
I BR A B AS S 0 10 A R R AR LA 51

BioTrans HiRIEE AT LIBFGY — A AE W RR B A
WA LIESE AR AE R AR . B B ATy 3
18 FhEURLA 24 FhEEALHEAR , (UALBRAE YR RHE R
ZIE ) 5 4 AN B A MRS A R S8
BioTrans J&— T (Myopic) AL AL I,
HIFHN— A MG AR, TSNS R, &
G R BB ARA S . 7 VIEWLS T Hi, iR
fHEHAME R E AR BEL %, ThifE REFUEL Wi H i, 34
INT A 25 ) 2R 4Bl R A 45 A YRR 57
Shi, AR R BE R0 45

REFUEL 4 AR i 2k [ tp iz 8 80 1 73 Fr 24538 1A
Sy, BREEEAT R 02 Y A MR RN ok ST 2020 4R
10% =Rk B bs, 1 H HZ Rk Rie g n)—10E
YRR T DL, (B2 EIMABORSAMET, (E5 4
BRBEAN A LE W) BRBE Y T 5 97 HCHh 8 A7 7 B 2K
N, EITAEGEYREL (Conventional biofuel) 4%
(BB SEAT A W 580 30 AT DL S0 28 5% 0 4 9 e K
b % R RNAL 58 A D ARoR) %) B DB HE SO0 AN W, T
HAES LR SREZ2Z MR GRS, H#i0L
B O A S R E B bR, ¥ BARiE R
2020 4F 14% , 2030 4E Ky 25% , HATEXFEA T,
TARA WA A T RE o O R A D
6.2 H MBI 13 (Biofuels deployment
model, BDM)

J[H Sandia [H 595 E M GM ARG F LT
LI AE R LR, IR T 44 900 12
CHEYRREE) 5T, AR R EE 4R LR
7R s 77 AN SRR T g DA K 2030 4F4: 7= 900 4210
CHYREE, LR 600 2SR AT aetE . BR
T FIHESI R &

HA RN R RG 8 Ty iRl R T
MAFF2 G ( “Seeds to Station” ) FU¥IT . BE
TR ASZER , PRI e SR L E A — AT AR
PR HIL o e A AR R 3
6.3 HEHRPIFERIEE (Biofuel scenario model,
BSM)

FEERHAGRKEILE = (NREL), % T
System of Sytems (SoS) W&, RAHASG s T
1, 7E STELLA ¥{-F- & LA 7R AR Bkt
TR Y, FEAFEFEA . R . AR
AT A BRE S R AR DR 2 AT S AN
AT IR PR A B L R A 7 3 L IR T R RER
il 2 F A N EE R A 2 O, SRR R AL Fi 5 A
J R BB,

6.4 HHFR-EYHARIHEED (Biomass-to-Biofuel,
BTB)
SR 3 AR T N e A S A B R RN S
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