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FAZHD M A, #Th &I O FEE BRIl v, B2 2= > 70 v 7 ORY A
WARRIRETRD, ZOXIT, ZRAF—HNLEVIHERIE, 2 TOABRN T R LF
—EARE TS B LV O BR TR WIROREEZBE X 2085, BrXICLsTX
»% §ﬁ$1m%ui%§mf%émﬁ%%%b SO TEHEREOT LT -T2 H
FRICESIT TN D TH D,
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TRAF—HNOFENRE LT, OEESCREMAIL., @Ok~ L TokgsE, @—
WHEEEDOMER? - 2, @OEBft - mln kxR, ORI O EI NS OMERF, @==x
NF—ZEEBEOBILIR ENHITOND, TNHIFHITOZ R~V AT AT +H012
BoNWHRTH D (F2), =X — B LITHIEAES ORE EHE OSSN D E
BRI AHAE BN R D,

K2 IRLF—BIMEHERTIRLF—SXTLDLER

IJLX—BEILithig BITIRILE—VRTLA

IRIILX—FE IRILX—HEEDKIELEIE |TRIILX—HERS(XEM
IRILX—EHA BETMREIRILF—100%EH | KEKO-BRFHARE

fRR - RFELO [RFEAR L

INRAE Y ERE KiREE PR
IXLF—LR2RE ERNEH(RE) AR (H255)
RIEME RECHE(CO2- KEUFLHIR) |BL-RKMEE
BERRN\I—  |NENEE SLREBAF
BURES BEUER R RER
BER-BE L &N /PN
Sga—N\Jt—3v (B /PN

(HPT) FEE Rk

B4 Favynd MNM00%BAREET R/L¥X—ihigi] (100EE) DHFE
(H4FT) IdE gGmbH, http://www. 100-ece. de
(JE) BOREHMNT X 100EE Hidlk (93 AVARMAR) . OO0 WEEHMNT 1% 100EE 2 & — & —Hiilik (58 AIRIA), #
UEHEMNT I 100BE #iT (3 BIRA) . AHIETZ oM E R,

RA > Tid, 1100%HAE TR /L F —H#ilik] (100ee-Region) 7w 7T A73 2007 4F(T
EE D . 2017 4 10 HBIET 164 BIRERSIL TW 5, Z2IMBIREIE, BILF o/
BIfEN ) =7 7 =7 7 7 7V " EORBH b4 RIZERTEY . SMMEEED
B EIE 2500 HFAZBZ, MEEIZE O 382 50T 5 (X 4), [100% 4 TRET
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KX —Hilk) e T AT, BEOZYME, [TEFEOEY s VOE, Hx g
7277 AOF MRS 29 HE THIGROIY AHLAH G S 4V EITE O ROV ETE RN ERE
b, Zo7nr 7 AME, BIEEREZEMOICHE L T3 X —BROME L EHT 5 2
ETCZRNVF—ANEE L, HENRID A ZINT TEOTRVX — AT MBS
LT EHRHMELTWD, 2O 17T ADOREIT, BER I ORRE D 1= DB % 5-
ZDHDTERL, TRAX—EELEEER L L TR Tl ZAITH D,

ZOXEHICEZFAF—ANARIT, FT R 100%CMFEREEZHT L Lic: 85T
xR a2 EZ L THKHIRS < D Th o, BRIZEBWT, =¥ —Aithaz B
FTHEBERRA 2 ME, HIREOER EAFOEOM ETHY , RELIMETHRIFTL T E
7=,

3. MSRERERDER

-1 FEREMEHEEERIETLS

JFR TR R A BB S5 E BRI TELN, JFERBEEHZOANNIXEL LTS E
WBIRD TRy (3 3), 2010 FFDOKAERT ERAIAT, HOEFS, ZOET, IREREET, BTN
DNEE, 1975 FEELTIFEEMN LTV 5 A3, 2000 4E e TIERARRT & BUHEA LA TN L
TW5, IHAETE BT ON DI, e E e e oy R2 0 ALo )
REWV, BARBIKSHEO LAR— MIED &, 2040 FOANOFHITIE, JRFELH 17 BIBE
DIHBH 12 H TEHER) 5 &0 9,

x3 REEIMBBAEDOANOHER

B ExE Fr7Eih AB(A) AOZEEE (%)

N ERFE| TETH | 19754 | 20004 | 20104F |2010/20004 | 2010/1975%
TiEEE A biz| & AN 3,031 2,040 1,883 -7.7% -37.9%
%;é%j; RE | 5% | WEH | 10174 7975| 7252 -9.1%|  -28.7%
- = ZJIBT | 16,945 | 11,814 | 10,051 -14.9%|  -40.7%

= I i : 3 :
RILEA =il ke IB H#| 80,833 (119,818 | 112,683 -6.0% 39.4%
EEE— WEERT 7602 | 7647 | 6,932 -9.4% -8.8%
= =g | AKEET | 8190] 10808] 11515 6.6% 40.6%
wEE |EeE— = =REE | 12,770 | 16,73 | 16,001 —1.1% 25.3%
= =TT HZERT 7884 | 8380 7,700 -8.1% -2.3%
= |8 #8&| 31915 | 88,418 | 83,587 -5.5% 161.9%

2 | SIS ."‘ 2z ] ]
HIENT | 35 pIBRESI 5,139 5,028 4,800 —4.5% -6.6%
BARRFH | EEE | k¥ | FEi@\EH | 25151 | 34,333 | 37,438 9.0% 48.9%
RHE =5E 23 | BEH | 60205| 68,145 | 67,760 -0.6% 12.5%
FEE AN [ E4M |18 JE[MEr| 18,621 | 24490 | 23,954 -2.2% 28.6%
=ik SERT | 11577 | 12,119 11,062 -8.7% -4.4%
BEAFRE N RER f83 |18 KERAT| 6,055 7,032 6,046 -14.0% -0.1%
=R EERT | 13,092 | 11630 | 10563 -9.2% -19.3%
LREEH e Al |18 F&EEr| 17407 | 15681 | 14,153 -9.7%|  -18.7%
FEEA BiR EiE |IH EEEMr| 9,184 | 8414 | 17,761 -7.8%  —15.5%
mEEA #AH ZiE |IA FAET| 8965| 6,569 | 5553 -15.5%|  —38.1%
HME H XiE | &BE | KiEH 7427 | 6,986 | 6,379 -8.7%  -14.1%
= JIN  [ERE|IR JIINT] 61,788 | 73,236 | 71,917 -1.8% 16.4%

() IBA&M. IR, (BT, ([[ReET, HEENT, IRESET, IRFFRT, IR)IHNTIXER DS
BERiO AR Z R LTV 5,
(HFAT) BBEFEE TESHEA] (1975 4F - 2000 4E - 2010 4FiR) & v 1ERk
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ESAR RN H oD B EE S5 T & Bk 2 1B SR I B B E s b3 Ly (X 5+-6), HES
BTN H 25 1970 4216 T 26 %78 L milin b3R8 35% 1212 L T %, IHERETIZ A 123 1970
LT 32% L., @l bR 40% EVRZI72RCTH 5, DK & LT, [HETANTIE
TR HRLHRCRAMCE B N L L HE S D,

130

129.3

120

110

0 746
68.1
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—— BT —e—|DESE —e—|EB1EL

M5 |HEESHET & IBERITOAC#TRE
(HET) TEZGEA ] 2 b & ICEEEK

100%
26_5' b, u .l I e
20% - {352 3901
60%
60,2
A0%
54.7 thc]
20%
[H#RIT |HEE SHET |6 B4R HET

BFEY) ODEEFHR OFF

X6 |HEESHET & IBERITOSHELE
(HpD TEZHEAE) 25 L ICEFIER

FOS XS E R IR LETH Y , ST L F CRESNTHMTHANL THETTH D,
JFOR TR R AR I EARBEO M ENE T, TOH@HEOZ T ANTEET /—
RONREE, BB, ¥ 7 v—05E BIFIZM NS 8, S s c SetE R A b o Tk
DHHEH L7272 RS B O HUs ~ ORIl MR Z Ly, R ERE ORI
WRTE 2, B -1\ E—HOEEDUN SO RDRENZ LN & BT 5> T
Bo e LA, JREWER EOMIGHEENFIRT 5720, FEAONFH L CGHER - &
LR HETBAEER IZBa > T\ D (7)),

Fio, FEREHBIREIE, E2 5 B JR B AT B & 52 1T B D FIHERS S (24 fF L C
WAHR, T LEBMBI 2T MIHARDSMNAFE L2, ZOEBL, K X7 %
bW A I AR THET L Z LRI THY, REEFROMBICEDL L MHE Lo
MELRBBEEINTNWDINETH D, EBRICHARORE AL, FRE~ R —~DIERENA
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TBIEME D BE 25T, e BIEERY— 22 HEL, FERIEGZFE EARA]
REIZL T\ 5,

(RRBHROHE) (B=)
[ESIHh [F3 3T
- .
BEERXORRE. RAEXH SLLEEXOBENE, AR
£12 & BHBLIRADIEX RISk DBILIRADIEA
- & 4 3
MIBEED EAME.E tHER-F| piBEs BREsERS ZThotlnt
ke EOEELE BKEOLE |0FE B EBOKH G HEKE
& ~ fog < -~ *
EA KR BIRADEA FEFMEEBARHBOES
- -
EERBADAREE, H2Y—EX NAT/REDRE . RED
DKL D RIERLOEL FLLMEREAE DA E
- F=S
BEMEORR, EHEORR BEEBOEL. St S0EER

M7 EREESHMEM4SORR (RE)
(HIPT) 25 1ERk

JFREESH BRI, R Y R 7 LG ERAIEE YR —E2 XTI TWD 3, (ERO%L
ARHIGR B D B AL 2 BPEIC L TR Y T BIE LT 5 BEAMRIC %éolibk%m
ARKIDEET THRKTH D KEBEF RO =L X — 2 AT KIE+ 5 ME
HIENTEDIEASD,

32 BIXBXEIHMEHRZREREIED

THRNF—HVAET, KB ELRBELFEL L THT AR L TN ZERROH
o, ATl B3R RMITHEMLET TR Y, ZOMNANREDLD Z &iE7R0,

AARTIE, FFREEMEEIEE (2012 4) O TIC L > T, B=rES (REEUK
TERLS) DRBEEEICED DENAIE, 2011 F0 2%0 5 2016 D 8% ~E ML=, L
L, KBRS ERCA T Y —F— KREKNE AL A~ AREFRE M TRE SN
FER. HUIBER & Od, REANA I~ ZABFROHFESLY N6 OiA (PKS) 78 E OB
DAL TND, ZIDORFBARF R FET, Hh EORERNKE - HETH7
B, FERORAENFIMIFRN LT LU EV, & R AR O S R AIRE S & [ Ui 4 £ 2
HLTWD, & LANULTE, HcF 3T OHIBHE S 2 N & -« 38 3 2 Hiug i 85—
SR — SRR TG G 2 [BhEE L. HUBGERFE TR N E K R D LD A v FE B O EE
WADEFITHH LN R>TWD, 29 Lz A v MIMES A = 2 VX —210%
1792 L THOTHETHY, FEOBESLTEMERICL > TRELELETD (KE - &
1. 2016),

CORSE S % =N ﬁﬁ%izw%~@% (2 & o THUE AT M 23 R & < e D, BRFFIE K&
RO, BV TITEEISHET D2, I LA TR THIZEALETTD
%NNWM\%@El&urF%ﬁ%\ﬁil%ﬁﬁvxw??~&ﬁ$®%nékw\
Ny FE T T/NBAL DT LAVIZIRET D & T — X OREENHL 705 2 &R0, HEE
HEROEAROT =N btV MBEABERIN TS (T U723y N ED,
2015)
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RA Y cid, mave P—&EPFZRET (10W) SHusHnMEe s v 2B L, B xF
S O HUSAH I A2 & BAICEE LT % (Heinbach et al. 2014), ZDNY =2— « F =
— (R EES) AT, BoxEEICBWT, OV A7 285E (S5 EEORE
2L @FFHE - EHA GEEEBERCESED R LY, OFils M (h— R0 E)
DY AT b AN —2— (FIECBERD) & D 4 Bep TR T D FEETREh O AN fifE
S LT CGRHET 55D TH S,

ZOETNEME ST 30 OFTREM CREDEIE, KRG, A FRE R E) 1285
AN 7.5 TAOBIGEOHIBE IMMEZRE L& 25 (2012 4£H4E) | Bisl%OREHHE
i 500 T —r . Bigl DN 520 Ho—r, HGRIIN 120 T—w . &FF 1140
B a— v ORI IMIE & 7 v 2 A NFEHE R 162 4 3 A H Eivlz (Prahl, 2014), {10
EDONFRIZ, Q> AT A8 31% (BROEIE) . @FHH - B A 12%., @#Ex - HEFRF 24%.
DYV AT I e AR —HF—=34% L 72> TWD, =X —RIOMNMEIL, KGR E L
JE ) FE N 4 D DBEPERIR TR S MV 03, QS « HERF TIIAREBREL & S AREED = <
DY AT L F XL —F =TI TR X =L KR EL 72> TWDH, o FHEL,
O LR E S E X TR L CWS MERH S,

4. £EEOBEORLEIRIILX—BRBBEOREHE
- KEZEHRHRIEFTOEEZHMLIED

AARDKWEEEB XKL, ROT 4 TRBLAZ DI ELTI ozl ENR S
%o = DORFEHNL, KUEEBRIKE & ATEOE L OREKRTH D, R 79 » EOHR— T A~
DEMET, [HR7ITE o T, KUEAEXIRIZEO XL S bDir] izt 25 (K
8). HFRAIKD 66%0° THIEDEZED L], 21%H EFEOEZENT] L HEMICH
B LTz, EREIIRRAIC, BARAND 60%0 THEEOEZENT ], 17%0 [EEFEOE %
mH D] EEERNCEZE LT,

H[E RN

e I ]

i g 1

* W e KX M. . ...
4!4!434343434!+!434343434!4!43*343434!4!434343+34m4!+!434343434!4!43*343434!4!43434}34!4!43434!414}! .....

0% 20 40 60 80 100
Ba. %< OBE, EIEOE 2 E )T 8b. 2 OBA. EFEOBEEED D
Be. EIEOEIT B 5 2 v 8d. b bW/ A 7L< v
K8 SIEZEHXNRKRIIEFTDEIZEDLSLFZELXEZSN

(HFT) Wiviews (2015)

ZOBEWNIEZIWRERNS DDA 90, BFLL HARADKSEIL, B rxCHiE &
<L, BMEORTEEEZEKLS, HEORTCHEEZEGHIHFEL, Yy V—0KME2HEL T
570, EBEBNDEAD )1 ZENENRDEA S, LUk LT, BN CTiEE
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TRIIEZOWEMLIC K > TIRFEOHE R L &L bIOBE ZHIR L, AOENVMEBREZ
BNEP~L01259 (M9), AARLITERRY | HRORNREENDDOTIEARL, EFD
BranlE BP0 M L ST\ D, BARFIE LT, REEOEWITNE
WS & B AR TEEVE S 5 72100 TidZe < ARZREERO ARG 2 V720 THESGA
REDHRDEMTIESIL, AVIZIZIEAF F—=T2H0 ., BARLMND 5 LR TT
BTHATED, BMNICIE, D& 9 AlEE2 X0 ENTL TOIRAE L7262 I AF
T D,

_ CO2EH &
IRILF—A2TS ;
oaxtodE PR emows
IRILE—HEN HIHTD
S OB ‘ ' y ER
HEBED L Ml it DS
FABLEN g | '

DB I = L L

9 EOIRILF—FEDEDE

4-2 ITRILX—BREREEOREHE

RFAEZOEITIE, KIS EREZ =3 L —HZROREIE R (BN A7 &0
R F—ZFIHTERVIREE) I Tnd (BE. 2017), BFESICBW T, AR
DB DMERE S 0 CREFERY 722 B ARTE 28 o 72 OIITT A 22 = R L X — ORI A AR vt 7
W, R—F—=F, THELD, B SREAK, BIAR EOMBEDO =R —H— B R %2
T 272 DITRE Z AT DZMER D D, TN DITEFNREA TR, BFHTH D]
(Boardman, 2010, p.48) EL#EHfEL T\ 5,

HHEETIE, TFRAX—A 7 IR TEY, EEVE S 2 3 2 1 35EC LR A
T&5, LL, EFEOZRAX—MED EFRFRAZDILRICE 5T, ZOEHNE
FHEEE L CREEZR EZ2 oIz vt s L, eiEETH xR EL
LTW5D, M TIILITERENE X 20 iE, @EMZREEZE DR,

BEE O TREFE RERS (Fuel Poverty Strategy) | (2001 4F) (28T, [HEF ik 72
IR MRS D 72010, LA D 10% L L2 B SR IER bR WEEE] EHESH
Too T b BBHER &1L, AR 4+ 2SR C & FICREEN R EE 2 =T (B
Ll UCHHICERT21 B, fLOJE=ET 18 &) | FEH XM TRERAH LRGN THR
NG CHELE EZ TR TH 5, 2009 FFOHEFHZ LD &, LT ANVT L RT44%, Zay
FZ 2 KT 33%DMHEAREIE RIRAEIZH Y (Liddell et al., 2012, p.30), FEE4(K
T 450 T ANIZDIES (Department of Energy & Climate Change, 2015, p.76),

EU 2R CiX, 5000 HAD 118 2500 FADRZ R LXF—EROIRE L HEFH N TND
(EPEE, 2009), KA > OpifspEER] O MHEEEMIA () 125 2 EBRROEG %
B & 20124E D b T DRV 10% HHAIE 7. 0% T 5 DITH LT i b ATEOE VN 10%
AT 1 2% I EF AR LTS (K 10), H H72 0 O EEEINAZ 25 & |
B ATSOERV 10% T 774 20— (810 FH) THHOIZH LT, &bATEOEmWy
10%1% 6, 455 =—n1 (984 M) ThH b, BXMNOMITEEE LT A ExEbET8
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BN 10% 28 2 5 5SS W5, =X —RIN A ORFEIL, 252 B L RE
DEVEBITHES, KFEMEFIEO R CREL 2 EERNEE TH S,

7,000 8%
o 7.0% — o
i 6,000 o flHEATOA b i
B 000 64 =B EXAOEIG (2012) 6 ¥
w2 —a— RO EIA (2010 il
I 4.6% RACDHEIE ) 50 X
A 4,000 c)’\
. 4% l%
& 3,000 - , 2
3.4% : 3% é
2% o =5
2,000 ~ _ o &
: 2wl 7 R
1,000 ' ' : | 1% ;),J
A =
| 1,184 1,485 A3q fsss| [341) W77 foasy O
0
5 6 7 8 9 10
1&;:)?4? BiEe il r T

K10 FAYORMGEEEBRINOHFTEHNMIAICEHILIERKDEIES
(HFT) Seifried et al. (2015), p. 468.

29 L= p X —EROREI R R I, AR LGN T LOTHY | HRNIER
RN THEOREE U TR SN A MLENH D (Walker & Day, 2012 ; Sovacool & Dworkin,
2015 ; Jenkinsa et al., 2016), HAIL, WrEWERENLEEOFTHLLHETHY . KED
EEL LICITLADEIZ LOTRWEENEEMNICEL L, =R VFX—RE LATFEOEDE
PEA A RMEE L THEL TV RETH D, BIxIE, 73— OB LE FEICRE

D, AT RHEEROWEAY R — R 72 EHESHEN 2B AN RO B D,

5. bR ERBEEN LI RILX—Bithig o<y

P R SR L BRSSO MEMIC S D, o R ERILH RN E )T HIHIK O
BDVEBILAICEZICHEET D8, e TRy, HFoxFELZRHCTEDLIAMEER
IRz L, #iFHBRERICHEMBENRETHD Z ENEN, SDFV ISR O
ANF =V AT DEER ST 2DIiE, it oFETREZFTRL TN Z &
MARFRTH D,

RAYRA—A NI T OEFZEHRD L, HIEHH R - XL —FELE X2 570121
TNV —FEDOEMRIE (b CHINT R L F—« 7T — R ), AIETHINART R
e o=V — (B ROH T RMEEONERYE) FEHEOFTELHRICEDL S
TRAF—ar g s MNe EOPEEERMER S OB L AT LR RAIRTH D (B51Z
2>, 2018), £z, T HESCHRERETEH DRI I L B - B - 2Bl L
Te M= RV — - TNT U AREITHEEE L2y (X 11),

A=A MU 7T, ffEZ R X —E4 (Klima und Energiefonds LUF. e Lmgd)
%, FRFEPTRE CRIEEEEM DO = RNV — 3 AT A EHERT 57012, BT A L[ H
LT 2007 AR S To, ERFREIL, =R L — E@@@ﬁi\ﬁizwﬁé%mb
TmT R FE =2 AT AA~DOBAT, BEREOAS L RFE~Di, KBELEE OMIG & %
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TS OB TH D (Koeppl et al., 2013), HAE, =F/LF— A HllZ ¥ H— b5
AEEm X —F T Ll (Klima und Energie Modellregionen) OHEEFTHH 5,

ST VX — T VHIIIC T 811 BRI - 91 Hullk (A H 230 5AN) MRBIML, KUEASE
RETv Y7 MCRVHEATHS (X 12), E7 AVHUIBIT/ RN & S, BE1 6
BT ANDBIREBNRIBHIE Z TR T 5728, RN 6 AR b TS, FET IV
M X, F— =Y COEEIZHE O ki~ X —V vy — & 1 BB TE D, E7 /VHITH
a7 b (MO = RL—RIE) Z1ERT 5 Z LR bit, = RAF—FaHE
R Coz PEHEZR EDOBLR AT A E 2 TIERkE Y a 2 RBE L R ITIUT R 620, 71
Tl NREIITLHIEOOERE LT, Eiiarv T N (BEREMEEZEE 27 BRSO
B ORE), HIkKOHELET) TEEIBOF— X—Y ) HIBORET 0 2 ~Ofa (H
R BRI, THEOWE) O3 SN EHEKRA &SN TEY (Climate and Energy Fund,
2018), &M= FNF—FT /VHBITI I b2 EARICSKHEL TV D

b3 3

SRTEH~OHE-ES
HRTROEEEE
CREICEEEMPEDLIE -
HERORE

#He
CEEIZOSLNEZR-FE 1S
HH—ER

BRI BETER DY
TFOT4TLEHR

S O——X I CRURG ERA

5 5 ERs *

M TR F—-HRFUREH LG ENER

BH
SERDH@THE
ST —ER O

HISEEOER
SEHMOZa T4 EURR

CHE- TR T CERE{EETHARME
MEEEOUCPEEEEE HEREOEBRNBYBAFIZHEHOEBRE
F IR —F LIS A S &M CBEGET PR —h

TOTAT L F Ry TEERT HHE -THE

M IRLF— HNFUOREXZZDHHESHER
(AT BI5E0y (2018)

Mﬂdellregianen in
Osterreich (KEM)

K12 KRIEIRILXF—ETILHEBOSHAE
(FE) FEETES L 91 7 TR XL X —EF A% 5T,
(AT SETFRALX—HeToL 7Y v Z7MESE (2017458 A 30 H)
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RET XN —EF LHIRICRES N0 Y 7 MEI3EECERIND, &1 B
T, BERAT—IHANVE—OBEOL L THEia &7 MER¥ET 5, 62 BT,
W~ =Y v — 3L B EEG T 2ER ) v BRIT S, FBIBET, Bl
TRxTR Tzl hANEEEIET D 12 BETORKESFIL14.5 T2—aTh D,
A=Yy —iE MR TTA R LV E2ROR Y P —F T L L= T DA N b
ZBAME L., HMHIO T RN X —F=F Y U VB ER L, TRALF—FBHROEET —X %
B T2 Zenskwonsg, 270, XX —FAEITEMEEOCH N AR RTHY .
Energy Change foMili— /1 ¥ — « = — =2 =R ENRELL OBBERTEEAF ITA
STW5A,

KT VM LT, 3R TTROK 20 J—r 22 Ch H—ua B, A
FLIEER L L TN TS (NMEEIT 3~4 Ha— o), AMEEITIES D 50%HH
W GA 20 B[] A TW5, T VHIICEEE SN D &, BIGRITER] 2B 7 1
77 5 (KBEsE, KGEURKE, BEMOWEML, A A~ ZAFHRE) ZiEHTE
HALEST A TREDH, TOH, M~ — Uy — I3k x B EFE N b
EL e B RORINZ RN F— T U= R LIZKSL Ty =s FOWEEH Y AT LD FEN
BROOND, T, X=X —IZKRBORT =7 RN —FERERW - P L, &
MTEWaIa=r—rvarigbRooins, EAO I NOHIK~ R — T % —ITFIT 3
BEIDOHHEIZ BN T, RERATESC/MTREAIIZ X DRSBTS T 5 &2 >TWnD, 29
LIeRMOBGHIHAE D~ R — 2 v =R BRE E DNy N — 7 8T 5 L b
HiZ, YRV ¥ —ORNBERIZH DR ->TWND,

ZOXHICHBBEMABICRD b D FEa&E L LT, Ml EARIC L D FEHEOR
e B, HUGRRE AR 2 B L7 F S, MERRE Y A X O FEE, THBE
DY == TR E~OBERa—T 4 32— b D, AARTIE, FRSEEME#RE
BRL TV ZENREE - TXAF—BEROMETH V. MU HEHT = R L X —FE L HE
WT DX LD,

6. BhHYIC

AARIZIE, BREE - =RV X —HER E MRS S DIIFEL RN EF > THilE Tidiwn,
BATOT XX —BUORIL, [UEZBIFECRE BIRBEFL O ESLY A7 BREE DT LT
. 2030 FD TR F—FHE TRFELICAREHKE N BT E Eb o> T, 2k, &
AREZRRRF ORELL T T, REFZMESPBIE VAT 2OMBEICHR I L TEY,
BURRE FOBIR CTHELE X 2T 6720,

BREE » TR VX — « fEm DY 27 Z T 570 0I12iE, Bl aTREME. ATEDE O |,
HUBRE 7 OIEMEL, RN ERER L WIHIHEZEIE X, T RLF—H I HlS< 0
WD AATWSBERH D, L, Frrlie2 8RB (SDGs) O EEREITE R
METHLN, AARTEZ R LT —ZRMEMNEE A EER ST, £/, EFOE DM
EROHIRATEERE VD A ) v FHEESATVARY, LT, AADOBREERN Y L%
NTNDERITIE, #EEORKBLIE L Y 27 A5 L VO HERARESEE L TNz &
HEFR LTV,

TRNAX — B AES TR, A CHISIG @R = 2L X —HENEAIND Z LR DA,
ZZTIHABRRLaI 2 =T OB PBO CTEETHDH, BATIE, =XALF—BIRIX
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“ER LA SN TELRN, “ERAR ICES M-S v LIRAETVENDH S, H
TR, HUISGRE O R 1)) 72 Ml O BRAR) 70 ke 2 i & . BORFRSSCHMY - H
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The Comprehensive Comparative Advantage Analysis of Foreign Agricultural Investment
of the Five Northwestern Provinces of China under the Framework of the Silk Road
Economic Belt Based on the Entropy Weight Method
WEI Feng, FAN Hai-ling , ZHANG Jian-—wei
(School of Economic&Management, Northwest A&F University, Yangling 712100, China)
Abstract: Foreign agricultural investment is the result of the combined action of
comparative advantage of multiple factors. Using the entropy weight method, this paper
established a comprehensive evaluation model from six aspects agricultural labor
force, resources, technology, capital, market demand, policy support to analyze the
foreign agricultural investment’ s comparative advantage of the five northwestern
provinces of China. Research showed that comprehensive comparative advantage of
foreign agriculture investment of Shaanxi Province is the strongest, followed by
Xinjiang, Gansu, Ningxia, Qinghai is the weakest. The structure analysis found that
the five northwestern provinces’ specific advantages are different. Shaanxi’ s
advantages in labor, technology, capital, market demand were the strongest, but its
policy support were the weakest. Xinjiang s advantages in resources, policy support
were the strongest and the market demand were the weakest. Gansu had advantages in
labor, technology, market demand, but the resource advantage is the weakest. Ningxia s
other advantage were not obvious except resources and policy support. The six aspects
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K “ARWFR7. W7 WG 48.04%, “AKHE". “AHE” IS L
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R3-1 ek Ja B T8 R

FrifE b s & F1 Fa Fs LR
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ZX10 742 .049 .059 0.740
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MOF 174 2 FL B S 3 vt RO 8 Mt 2 BO I 7

Bk Al g R
CT R R T BEOCRM B E fisei =)

TE AL ZIF-67 ARTRAA, TE4L 2% SARBUTAY? (Chemical Vapor Deposition, CVD)
AL AR AR K, 146 T ZIF-67 74 1002 TH R RGN K B 5 & (R 24 A6 B i oK ]
#%F Kl (Carbon Polyhedron & Carbon Nanotube Hybrids, HCN) . Frifill % HCN 7£
PES B R ANK S 5 2 LIk 2 AR JE 52 52 5 AR L L AR R ) R g . 1 HL AL e PR RE
KIMR, 7E 10 mV/s IR TN BA 343 F/g (F5m BRI H Bfs 3 R .
ZAEF Y HON AMYAT DASR A T2 5 1 18 A7 ik 2 [B) M e ) 28 7 is fan f L&, 1 EL B A
KAEFRAL 7RI AR g At . ERAEMRENET, HCN-650 RN EHE BN
7.08 mg/g, WRPHEA Y 0.03958 mg/g min.

REHE: SRAVMEL, Rk, MIKE, REEET

Study on the capacitive deionization behavior of porous carbons

derived from MOF

Tie Gao, Haibo Li, Feng Zhou, Zhishuai Yue
(Ningxia Key Laboratory of Photovoltaic Materials, Ningxia University)

Abstract: In this work, carbon polyhedron and carbon nanotube hybrids (HCN) have
been synthesized by employing ZIF-67 as precursor for electrochemical supercapacitor
and capacitive deionization (CDI). Basically, uniform polyhedral nanocrystals of
ZIF-67 were firstly fabricated, and then they were directly subjected to chemical vapor
deposition for growing carbon nanotubes. It is found that the as-fabricated HCN
electrode exhibits remarkable electrochemical performance, i.e. the highest capacitance
of 343 F g/1 at the scan rate of 10mV sl and excellent rate capability. This is due to that

HCN can provide rich space and short ion diffusion path. Moreover, the HCN
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electrodes shows superior CDI performance, i.e. The electrosorption capacity reached as
high as 7.08 mg/g and the adsorption rate of 0.03958 mg/(g-min).
Key words: Metal organic framework, carbon polyhedron, carbon nanotube, capacitive

deionization

1. 531§

KR N A A AL 23 A2 = 3 2l 1) S R RS OR RS, SR H i 4 1 S I I o v /K 2
VEAL BRI TR PR . U1 T RBX — I, B2 2R B R ARy — Rl N i i KR A
ARYPANA R —FMERA . AR FTREIIMCIRED . B AR . BRI R A it
EPE. RSN, RHRIAASLAE TSR A EY CDL HAR MBS R 2
B 5E . 708 SR e MR B B 70 AR PR 88 ok 5 AR oK RO R iR AR, o B SR T AR e
13 F2 A4t 78 A2 PRV AR 67 P T 6 B 1 IR BT 5 BEL 10 FLAR 20 A1 BE A% DR UIE 6 B 7 1R ok P it 12
m LAEREE . BIARSCLL ZIF-67 AT, FEAL S AHUTAR S (Chemical Vapor
Deposition, CVD) HtEMEALHILAK, Hil# T B ZIF-67 74 AR 2 MR R BRI E
2 AW A4 49K 7% 41 £} (Carbon Polyhedron & Carbon Nanotube Hybrids, HCN) .
FXE HON [ HEAT T A2 TH AR AE 3B A0 Bk 1 e i
2. SER

T 5@ Co* Al Hmim 7E H i s it Bl A7 8 285 6 ) £ 0N () -+ i R 4544 ZIF-67 44
Kimfk. BRI, % 6.89 g i Co(NOs),-6H,0 A T 240 mL FHEEATR, Frid
RNVEIA; ¥ 15.57 g i Hmim I 240 mL B ERW, bRid AR B. BEIAETR B 5
FEINAAE 40°C, MIERANER Ao BEFE 0.5 /NS, SRJGHE 11000 rpm R B0 10 4354,
KRR ZIF-67 Tl B s T HEE, DL vE R B Pl = UGS NS 1Y) ZIF-67.
Ba s BPET RS R LA A

7£ CVD R4t H LA ZIF-67 N HT IR FEA TS &4 CNTs. 55, #4aEH 0.1 g ZIF-67
B A R AR N 2 HORE L & L, SCPTAG T D I AU R A 988 v () 03 I ZE 110 Pa.
ZJ5, LA 20 scem MIRIEIEN Ar+4%Hy, SUI I/ N I3 FETEE 2.9 Pao 285 R BE A=
AP AR HARELEE, H AR 2 3BT 9 500, 600, 650 Al 700°C, FHEHZ A 15 °C/
min. AP HARREZE, BL20 scem MIFUETEA SBAAE 1 AN #ET CNTs 4K
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&, 7R RR T R ST FETEE 10 Pa. G IZ R SAE Artd % Hy ST A B LT 200°C
J&, KM Art4%H, FHECHEFES .

3. GiRitie

K 1 (a) ZIF-67 44K & A Fn(b) HCN-650 # SEM K4, (c) HCN-500, (d) HCN-600, (e)
HCN-650 F11(f) HCN-700 19 TEM &5 (4 &2 rik KB BOR B

1 ()F(b) 7> Al ZIF-67 FIAEKIEETE 650°C (HCN-650) T 3R1G M ALt gl oK 4]
% HCN-650 ff] SEM Bf%. SATI S, 4 CVD AH G, ZIF-67 4K Bk i) R~ Al £ ik
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TR DR FR R4 M HASURE R AR A kRS 22 FLIE T 3 TR AR . BT T (b) B mT DU S5
KE M CNT N ZIF-67 BAATA M 2 L0 b, A S TE s R K ) R 454, CNT M H
1249 40nm KEEHGE 2um B RERTHRGIK IR 1K AR T B R [R] BN B 43 TF 5k 22 100 1 1R 2
[F)JE I (1) B8 s fnidiE . A, X —id B d ONT B S ik A Hd JE ) Co
AR IBURLTE il A RO BRIE RO HEAGAE T o 53— 7T, % CNT AEKIRFE 5 AT ik43 HON 45
FIIAI KOG R W HAT TIRE . B 1 (0)-(D 7 A 7R 7E 500, 600, 650 F1 700°C T il 45 ] HCN [
TEM EE, 46 BTN T Z0HE B8 X O BE . BrE R — MR, ZIF-67 £ 1
PRTEIREBRENE RAFORFE, 1T HBEE R IR 2 S8 HCON [ rh S S el 2. FFZER
72 CNT W BAE b E AR R T m g in. MR A FREE T CNTs K EAR A
[ GE 45 A0 TEM [ 3E— B W8 I BE 25 LIS 1Y) T 5, Co 4R BUREL A 2% n Rl 5 B8ORS
K, WBGARLE PR AR AL AR ONT B B R B4R

(a) (11 (b) yon | — b 2350 | (€) Co 0,
- (002) (200) 700 T 220 o i T =
S = ~1 8 5
= 1 ~ =
e ——————— Wi ———— B4 —
E. poages s 45.004% >
g 3 & ™ Z -|| L/1=1.05 600 C|
3 a0 T = 604 2 uwlh 21 E LS 1 |
= g I !
' . ZIF-67 504 e 500 C|
Ll J | a0 '
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2Theta (degree) Temperature (C) Raman shift (em )
d ci (e)1zo (f)o.1s :
{ ) ‘\ o Com 700 C — —o=500 T © Desorption 1 -~ 500 C
= —_-_L_.._;f"—‘_p- ,_”"}D ——600 T , Adesorption | ‘oo 0.124 i —~—600 T
. ! 651 ; 650 T k L. 650 T
= E ; £
e | " Z 80{—-T00T 2 b , —=- 700 T
£ | 600 °C 2 = 0.09{
= L e~ 2 60- ” g; z AEN
o Py , oo g HARd = a. A e
T F 500 C g . —aA | 2006 qhﬁv o .
= = 40 = _f_ﬁ;e’_wn-—“—;_‘,_w ] W%, &
iy ﬁs‘éﬁé’ﬁﬁ; S > 0.03 4 T ras
Co Z 20 , : . . ;= L Megdeet
8 200 400 G0, H0W ’“"‘l__’!“" 1400 00 02 04 06 08 10 1 10 100
Binding energy (¢V) Relative pressure (P/Pg) Pore width (nm)

2 (a) ZIF-67 1 HCN 1) XRD i, (b) ZIF-67 ) TGA #h£k, HCN f(c)hi 2 Y61, (d) XPS

Ve, (o) No W fh- M b 55 1R 2 A1 (£ FLEE /0 A

Kl 2 (a)/2 HCN [ XRD KEli%. & HCN FEMTE 44.2°. 51.6° F1 75.9° 4b i) — 222 |
PDF #5ifE & H EEXH A N 5 Co 43 BIAE(111)(200)A1(220) & i HIFFE 4 (PDF 89-4307).
KHE CVD IR E&JREGPKBRAE Hy B ER T Re— e R E RN R IURE . itk
4k, AT HON FEARTE 22°CACHSE R 5 SR A R TE (002) i TH AT S VA AH Xof 7 FY R AIE
e, i LIt AR I (K T i A SR BRI W A SRR B RO . 11 2 ()& T ZIF-67 1)
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TGA Hi%k. 7 DLW 8 3 BT B2k E EEPLE 500°C-700°C, X B i T il f2 Hh A HLsd
PRI F G R R EE 251 AR o P8 2 (o) /2 HON A5 (522 IR . BT HCN F L 7E 188, 476,
520 A1 687 e $L 2 AL AE ALY AAAE AR BN, 5 CosO4 HIAHSRIEAL LA, WiH] HCN
R Z b —EB 78 LA Cos04 TR AFAE. [AIS, 7E 1360, 1580 F1 2680 cm™ AbA =M.

EATT XS SLBRATEAE SR D U, G AT G*Ig . BEZE IR B2 600 35N 700°C,

In/ I M\ 1.05 FEARE] 0.66, XM A S8 CNT R 5 78 s A IR T 3RS .
2 (d)/& HCN FE 5  XPS Dl 32 5-1 g i AR i i S & o R IR 7 a o b

MIRPEIAF] 600 F| 700°CHf, Cls HeaIT 80% HAEAFRE, 1A HON J2 MY RIfEL )
L, 1 Co 2p 7E HCN MR ZHFT LR A70ATR (3%) o MIRAEEIAZE] 700°C, Nis fkoARE
TREBEIT 6% Ak, N JCERBONATDELEIRB A0 T8 HON nOiiigh:, Stkbl

PR .

N R ot - o B 55 4 D FL S 0 AT AN L2 (@) FR(D TR, AT AT HONFE it 1 55 1 2T I &
TIVRISER 28, FEARARRS ) T S N a0 S8 R 26 5 W 8 CNTFIZIF-6 77 AR ik 2 A7 A
L, AR IAE0.4F00.9:2 [ IR R R HONAS % tRAFE I FLALER,  MALEE S0 A
% mT A ALI R ST R AE/N T L nm, P ALRSFFEL00 nm/e Ay, IE B IR 25 ) THCN
MBHLAEE Sy 2 A 8 R N i@ R 2h FL iR, ERT A HCNAPER 1, HCN-650H9BET I
AN ~172 m¥g, FLURBUN~0.17 cm®g, P& BINFTA RS T iemfl, Wikt
AT d5e v ) HL R

FEHCN-6501F y MGG PE A BHR. FH BICDIBEL SR o B3 (a) Fl(b) & IEVT 4R L T 5
291000 pS/em. 1.2V HLE R AL 5 3 B 1] 4804 ) i 28 R B i) s A8 4k o ZEMR B PRI 26 A
Bt WA SRIIE TR 1005055, BSRTHRER, BTRe, RUEBIRITHE
Ao MRS, AT Rt T, ERARRAME. — B R, W
B RARREAL, HSERIEEKE BIVIAE . B3 (c)/20.8% 1.4 VIFHLE T HL 3 2R B i [A]
B UL AR A R o A R RO (R e 2k o B PRI, IR EERIT A, RN e
JE 5 35 L r B . T L R (0 SIS A AR WA o B B A A AR
HARZ) 7.2 m?, &BETEII32% (172 m¥/g x0.13g) . HAt, Wik B2 5 Cyii%0.5 F/m?,
R E O Z . (AR — 1R 1EL4 VTR A miL7.08 mg/g, RIMEH
JEBEAKE10.6 VISIREA 1.66 mg/g it 25 & .
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ZRAEH) (HCND « HON 2 I HH B0 (1 00 4 25 4, 22 T 1k 22 AL E i K BR AN K R B e e
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Carbon@Na,T1,0.04% FEANAKE Al w8 S Ho i £ 1k BT 7T

BRI HRER A
CT R R T BOCARM B fiski =)

WE: EARHFH, AMRIE T C@NasTioO2 (C@NTOVZFEIIKE M G, FEAEN—H
BRE A LB T (HCDD) AR, BA H i 1TERe, SOl 1 KR AR AE 1) OB ] R
C@NTO YK EE A R T, WA E. ARAFFMEPSE T AR K. 1
#5 Langmuir 2570, #£F C@NTO (1) HCDI /& LAEHE 1.4V FEA 80.6 mg/g 1 =kk
Hhees1. mH, BMEESREIEHRF, CONTO NI F ML 1. HCDI Miihie /)
Tt EEHR T, SRR F Na B C@NTO Hilk. 541 NTO
FHEL, C@NTO HAR N R AR BRI Y, AR T3R5 7 rs@E Mk %
XU RERY], C@NTO % FEPAKE & —Fi ] AT A A KN T HCDL,

RK§#: NasTigOz, Carbon@NasTioO, Z5t&itt), WA EET

The synthesis and desalination performance of Carbon@NasT1902

core-shell nanotubes

Zhishuai Yue, Tie Gao, Haibo Li

(Key Laboratory of Ningxia for Photovoltaic Materials, Ningxia University )

Abstract

In this work, we report the synthesis of carbon@NasTi9O2 (C@NTO) core-shell nanotube as
novel electrodes for hybrid capacitive deionization (HCDI) with enhanced performance to
overcome the several key issues of desalination. The C@NTO nanotube exhibits a highly
improvement in electrochemical performance, i.e. specific capacity, capacitance retention and
impendence. As predicted from Langmuir isotherm, the C@NTO based HCDI shows an
ultrahigh salt removal capacity of 80.6 mg/g at cell voltage of 1.4 V. Moreover, the charge
efficiency of C@NTO is closely approach to 1 even in high concentrated stream. The
enhancement in salt removal capacity of the HCDI is attributed to the presence of chemical
bond, resulting in insertion-desertion of Na ions into C@NTO during the desalination. Besides,
the C@NTO possesses the improved specific surface area and low resistivity as compared to
pure NTO, both of which are beneficial to increase the penetration of salty ions and the ion
removal rate. These results suggest that the C@NTO core-shell nanotube is a feasible electrode
material for desalination in the HCDI process.
Keywords: NasTigO29, Carbon@NasTigO»0, Core-shell, Capacitive deionization

48



1HIE

KB = C A NV 2 B AT @ i i /. 75— 7T, FRATTHLERR IR K
FERE FHOR R R, X ERENE —/ NS KB LB #E . EXFEO T, T
PR . S BCR P K AL SR B, 0T R R K SE L P B A B2 = X [1-3] .
ER R HER, OFRBIE. RN A KRB AR A
PEH IFLI A AE = SRTT, BLA B B ARAAAE G B R S, I S A =
It BRI, BISCRAG, XA F 5 [4-5] .

i %% 25 1 T~ (Capacitive Deionization, CDI)7EE/K AR H 5 52 2 AT 2<E
T AR R R S T AL XU 2 B8 (Electric Double Layer, EDL). iy Bk F 7E#f HE
77 (R LAz < 2 V) IAE R 4 38 ) A8 S Ha A 1) FRUAR O 1A%, FF il AEAE Ha il 5 2hok 57t
THI 2 [E)JE ¥ EDL A o FRA= J7 TR, 5 FEORL ¥ 1] DAJE Ik 0 B R T IR v v - [6-81 » AL,
CDI B RA . RIKSHRETR AR B B 4. CDI f i £k A8 715 AR I
UM, BEASHEMEL . REABUK, MEEESEMR S T LRE R, SRR
FAR R Y, TG e [10] « BRGKRAF (11, 121« ALk [13] . B AR [14, 15] .
BRANK A4 [16] . SRR E SR 17] . Hl TR E L. X2
BN, R AE JJAEEAR (< 20mg /g) o BEAL, Bk AR P L ARf CR AR R B, U2
TE IR E R EhKkH [18],

i, —FHMEEASEFEZET HCDDARSG KN . FZR4%+H, XM
NasMnoO1s(NMO) A 1Ak, 1R A IER I A IR . Bk, Na'i@id4b 5 54 A
NMO . [FRF, CUgiETm A iE e #f b 3R, & iEhae /1o 31.2 mg/g[19].
B & » FEALAAN B 17K R A RHB AR 48 7E HCDI Fh 43 3] 7 HRZ AR A, W1 NaTia(PO4)s
M NaFex(PO4);[20] . (HH AR, FHMEZE, FEZMMHE. FK, NafiA/
Bt B AE T LANMIE IR G B R O 2540 . NTO B A BE 25 8K (> 200mAh/g) . JRAK . IAEE
IIFEEA R, BN s B AR B . AN, 5 NatHL k22 B 56 SO
Tiin# NTO 7£ HCDI HH N HIETERE )T 59— 7 TH, 4 NTO SHih & T il 7 45
Ry (217 LAR v 5 f M AN AROW &5 Ry R 1 [21] &

2 SCIGERSY

2.1 HEmElE
(1) NTORI#HI4%

TR (TiOy) FIAEAEN (NaOHD B A #A LI AT MR PR AL . T8 i 7K #4
N A ENTO )7~ 2 B B TR . B 55, 0.3 g TiOoA150 mL 10 M NaOHYA % & 7£ 100 mL
MR IR AT, EEETRZIBR305 8. A5, BIUR OGRS —
AMAEWEIESE, E200CI#Ad he 25, SiE TRESEEEIGE, i atasy
HEBEF/K (DD fEEOHLF RSV EBIPH=7. H)5, NTOGKETETOCHE12/NF

49



J I BB A o
(2) C@NTO K%

ToKHEERE (CeHnOs) H T A MR B Z AT IRk . SCE P IR N ATk, $#42.25 ¢
CsH1,067 T25 ml DUKH G A EEA0.15 g NTOMI100 mIZR VUG 2 ds b, =3 #E30
Oyl R LSRR R B A E R S, 7E160°ChN#kd he 2 G TR UL 28
TKM L e 2D =R Eo SR5, BREMTTIRIALETOC N In#12 hPLH £ 5k R
Ao BETK, HIREFHIRTIRATBNCE BT . SR ECAN,, SR 400 Chik
4 h, HJEREIRAC@NTOM A . Bk TREH, THEHE RN ARG IE > 513 B A5C/
EPAI30 sceme

@ @ @r0c,an N
Qo9

@ © © NaOH (aq)
TiO;

% @ © Na*
Saline water

1 C@NTO 4 i J5 2l K HCDI ) TAEHLEE 7~ 2
Fig. 1 The schematic synthesis of C@NTO and the working mechanism of HCDI

2.2 EIRH&
(1) HAL S HAR i 45
A A T P 1) &5 R AR ONTO AT C@NTO) 58 5 B B VU4 2% (PTFE)
R e 5: 1. 4 HLNRE HEHIS. B, WHERRFREL 0.05 g i HEIFR A 0.01 g # 5% 2B
BT, WG RN ORISR RER, THEE B SR LA 0.04 g PTFE /E R4S
AN, dkaEHidE, HERIINRMKIBEEY. ME RS MK IR BT
[ SR 2K(10 X 60X 0.2 mm)FIIRJZ IR~ RZ1E 10X20X0.25 mm. a8 T BR 2R B
A HUEF K T ) & AR AR E T 70° C (BN EE T84 12 he FEERMZ NTO Al
C@NTO A U5 2453708 2.9 #1 3.0 mg.
(2) HCDI 525 B i i) %
Y 1) % 4 TR VI 2 VR B 350 S0 R 7 B T (A BB 4R (T0 X 70 X0, 2 mm) FHIRJZE R
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KL 55X 55X0. 29 mm. HeJ, C@NTO A1 NTO HCDI R4t 4 RUm 543714 0. 0730
g+ 0.0761 go

3 MRIRIES 2

K2 (a) NTO (b) C@NTORISEMEE, (c)fkFI(d) = BIR AT EC@NTOMTEMEE, (e) C@NTO
5C. Ti. NaflOfIITH I
Fig. 2 SEM image of (a) NTO (b) C@NTO, HRTEM image of C@NTO in (c) low and (d) high
magnifications, (¢) elemental mapping of C@NTO with C, Ti, Na and O

Kl2(a)F1(b) 73 A ENTOFC@NTOMISEMEUR , W &l R T R IR G54 . (H2
X HILE TNTOR H AR i 8%, MC@NTOHEME R HAM 2 fL. HILa HlLC@NTO
AFEWILBRLEW, AR TEFRER . Hoh, BATRKI R EE ZEEHINTOYK E KA
JrREE HEAEH . BAAKYL, C@NTOGHKE LLAINTO K E H . E2(c)HI(d) 53 4
HNC@NTORARAT B HCRAEEC T I TEM B « R B AT LU 2| C@NTO P £~ 5.2 nm,
T K TNa /KA 4%, MMfIRNa PSR, 33RHCDIYERE. thAh, R)ZMERER
#)49~ 1.6 nm. FIHILE /30 WIEH C@NTO-SE 40K 4514« tiE2(e)Fn . 9KE 71
HC, Na, OFITi, LLLKAREMCEENTOMK AR E L. TEERIZ, ik &
T400°CH}, NTOGUKE =ik H ikt o kA 548 [22]
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12‘0{! 10‘00 8CIID EE!I] -illiil 2l;l ) [i] 298 2!‘!8 254 2&2 Zéﬂ 2!‘18 2I|38 2!54 Eéi 21'30
Binding energy (eV) Binding energy (V)
(e) ()
—~ —o—NTO -0—-NTO
g —= C@NTO - C@NTO
-] -~
] =
? )
L | ]
© ] O
2 Y s
Z |pm-u-m DD'UD =
}o _E_D.ug'_nlﬂn
u.u-n—u—n-cn-n-—n-mu-'g- —0-
U:D 0:2 0:4 0:5 D.IB 1 :0 1‘0 100
Relative pressure (P/P,) Pore diameter (nm)

K3 (a) XRD, (b)Raman, (c) XPS, (d)C Is, (e) NoWRFf-fiii B &85 28 LA K FLAR 50 A
Fig. 3 (a) XRD, (b) Raman, (c) XPS, (d) C 1s, () N» adsorption-desorption isotherm and pore size
distribution of NTO and C@NTO

XRDZHEAE TNTOMC@NTO] k4544 . tn3(a)fian, NTOFMC@NTOZ HIAEE HA
B FORFAE D : 20=9.8°. 24.3°, 28.4°, 48.2°F160.5°, FLWINTOM Mk EDR)Z 5| NG
4R [23] . E3(b)4AH TC@NTOME170.2. 276.5. 448.8. 668.2. 776.4. 911.4 cm’
RshIE, SNTOACKE A gE—8[24] . BRILZ AL, TEC@NTOMIHLE itk ik i
BT =ANEUMAIRBhE, B\ ADUE GUIERIG*IE 571 5 sp3 BB Alsp2 L A7 S8 I 45 P RH 9%
HUEAEAT B 1360, 1580412680 cm [25] » {H A5 B 2 C@NTOMIn/I6 LA T 40.79,
FKHRZE B REMAER, TTHBC@NTOR S X, WAL KI, C@NTOR a1k
ARSI S AINTOM L, FRART F772E T 2915 e (R AS , X2 I FNTO S5 Z 2 [f]
B I N T 8 [26] - EI3(c) & XPS A1 K], 777ETi 2p~ O 1sHINa 1s, 735X B T-457.4.
529.4. 1071.8 eVIIHRBNIE . E3(A)FTRFIC 1sith 1] LLA N SPIATR B RAI L 224, 55
C=C (284.6 eV). C-C (284.8 V). C-N (285.9 eV). C-O (286.5 eV). C=0 (288.7 eV)F10-C=0
(289.1eV) [25, 27]. BT Cls, Ti2pitEEMHMNE, 5 MiT458.8 eV, JETTi2psn,
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F—ALTF464.5 eVHIH O TTi 2pin[28]. I THRZEKIFEE, NTOMC@NTO /2 2 [7]
FIFEE0.3 eV . E3(e)ER T NTORC@NTO RN -t B 5 2k . ki,
NTOFC@NTOR L 73 AV AL IR 2, AH R 7 H BLRG T [Rl e#a 7 1 R ALIAELE
3(DHEL: TNTOMC@NTO L4253 A, 3 Al FZEAE P AE2.789 nmA12.491 nm. SEAF,
C@NTOMIfLIE > A EENTO /522, Ul C@NTORS LLIR 2 iR & RAF RIS T3 Bug it
KK$Em T IERAe 7. SALBREEMAR O BABE R 1R, 7S BIC@NTOR LL R TH
FAAHINTOM 142.432 2 6 B 0 $11193.694 m?/g. A, FLERARFR LT85 7 —1%, M0.601 m¥/g
1110 mY/g. XL B2 B TE B G ANTOY K E KL MU4E, 7T LiA Rt
Sy IR T R LA et A YR T %
21 NTOMIC@NTO K FLIR 45 )
Table 1 Pore texture of NTO and C@NTO

Sample Sget (M?/g) V (cm’/g) Dave (nm)
NTO 142.432 0.601 2.789
C@NTO 193.69 1.110 2.491

4 BB

Kl4(a)fiid T C@NTOMINTORICV 145 . M 2514 1M NaClIA R, HHH 5 mV/s,
R E O WEA-180 V. RER, CVIIZE 2 I E IR R, FRIHC@NTOFFAAE
5 NaHt R 25 UIAH G 1) s BE v 30 SR SR RS, T BR A 3R AR s R B b BB ) o RRAE AL
R AL F-0.22 V038 V, AEBETI*Y/Tid L 2 T

Na4Ti9020 + XNa+ + xe & Na4+xTi9020

C@NTORIZE AL iR U FL AL SNTOM AL SR g FEL AT FEARAH R, BEWITE b fE v,
WAL E A SR mNa BRI EE . El4(b) ANTOR C@NTO HLAR [T 38 % 5 L 25 2 11
Al o MFEEF N ~ 100mv /si, C@NTOF EL HL 2 M 153.34F% 5242.02 F/g, NTOM62.84
F417.91 Flg. £ EMAMIERT, C@NTOM LB ZAZE TNTO. AT IEHC@NTO
H LA R AL =R e v, S C@NTOHARICY I 2T T 100X G . C@NTO
HLA ) P AT SR PR 7 7E92.42% . El4(c) 25 tH T C@NTOFINTOFE0.01 ~ 108Hz 0 28 3 [l A
HIMEISKEI[29] . HEFARBRAR MG KL 2R, C@NTOR AT AIH (R
FHEENTOC A M 2.26 FF£510.98 Q. F4(d)ZEC@NTOMINTOR A/ . NTOFIC@NTOF)
D EAR 73700 y34°H68°, it B AR EAT R AT 1)5E7K M [30]
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Fig.4 (a) CV curve of NTO and C@NTO in 1 M NaCl solution measuring at 5 mV/s, (b) specific
capacitance with respect to scan rate for NTO and C@NTO, (c) EIS spectra and (d) contact angle

image of NTO and C@NTO
LRI AUA IR, R CaMQPEMH
Table 2 Values of Rs, Ret ,Cai and Qe fitted from the equivalent circuit

NTO 1.72 2.26 0.29 0.10
C@NTO 2.45 0.98 0.12 0.32

5 st MR

Kl 5(@)f(b) 7l g7~ T C@NTO/AC RGAEYIMGHIRE A 500 pS/cm NaCl ¥ H 0.8,
1.0, 1.2 F1 1.4V TAERE T M SRR TR SRR . BT KB 1R FLAAT B8 4 R
RIS, L3 E /RENIAE I B USRI R % . BEAE I (R R HERS , A T Wi 1Al
SEARESRETHNRE. B 5N FABET C@NTO I NTO it #hV: fE 1 R 2R 1
XTEEAE R X TSI R PR i, BESE TAE R 0.8 FHEE 1.4V, B Eh 75 Eig i
Ko MTAERLG EHIE, CONTO [l Eh 7 B #R I = 141 NTO. (EfERAIE, Hitinm)
TAEHERN 1.4V B, C@ONTO MIiiih 2 EiA 2] T 35.12 mg/g. AL, C@NTO FEARM HE
BT T 100%, 1M NTO HIMR ) LA 20218 80%, Ui AR 2 1) 5| N A R = 17
BRFHRCR. A, TEAFRWKRE R NaCl 3T 7 C@NTO Bt REm 0. 4¥)ih
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ERWE 259 50 mg/L. 500 mg/L F1 1000 mg/L i, 7E 1.4 V TAEHE NHIEh 580
%19 20.19 mg/g. 49.91 mg/g Al 66.14 mg/g, HFHN [ HL AR I35 100%.
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Fig. 5(a) conductivity and (b) current transient of C@NTO in 500 pS/cm of NaCl solution at
different cell potential, (c) salt removal capacity (mg/g) and charge efficiency (%) in terms of
potential (V) for NTO and C@NTO, (d) the effect of voltage on the CDI Ragone Kim-Yoon-Plot in
NaCl solution with an initial conductivity of 500 uS/cm, (¢) Langmuir isotherm together with
experimental data of C@NTO at cell potential of 1.0, 1.2 and 1.4 V, (f) cycling performance of
C@NTO at cell potential of 1.2 V in 2000 pS/cm of NaCl solution.
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Table 3 Coefficients of Langmuir fitting

Value
Isotherm Mo%el Parameter
cquation 0.8V 1.0V 12V 14V
. g K,C (m 31.4225 42.0893 65.9692 80.5609
Langmuir 1+K,C Ko 0.0017 0.0046 0.0029 0.0037
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Capacity fading of nanoporous carbon electrode derived from ZIF-8 during
insertion-desertion of lithium ions

Yingjie Du
(Ningxia Key Laboratory of Photovoltaic Materials, Ningxia University)

Abstract: The shortage of energy resources, together with environment pollution, promote the pursuit
of clean renewable energy and storage technologies all over the world. Lithium ion batteries (LIBs)
are regarded as one of the most potential power sources to address the above issues due to its
excellent properties of superior capacity, stable rate performance and portable volume especially for
mobile electronic equipment. However, the typical commercial anode, i.e. graphite, fails to satisfy
the overgrowing storage demand of LIBs because of its low theoretic capacity (372 mAh/g). The
development of carbon materials with high capacity and the advantages of graphite has become a hot
spot of LIBs research. Zeolitic immidazolate frameworks (ZIF-8), one of the typical metal organic
frameworks, has a dodecahedron structure with controllable geometrical size. Better yet, with
superior electrochemical performance and superlarge specific surface area, the nanoporous carbon
can be obtained readily by pyrolysis ZIF-8 directly. When employed as anode for lithium ions
batteries, the nanoporous carbon owns outstanding discharge capacity of 2000-3000 mAh/g during
the first circle. However, the huge charge capacity fading, low coulombic efficiency in the first circle
and unstable cycling performance perplex the advance of nanoporous carbon. Through the research,
we have found that the structure damage and irreversible alloying reaction during insertion-desertion
of lithium ions are responsible for these defects. Innovatively, introduced density functional theory
provides crucial proofs about capacity mechanism for N-doped graphene based nanoporous carbon
anode of lithium-ion batteries. In conclusion, we also take effective measures to surmount these
issues when nanoporous carbon is used for anode material of LIBs.

Keywords: Nanoporous carbon, Metal organic framework, Density functional theory, Capacity
fading
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Study of the Argon Flow Rate on Heater Life of Czochralski Silicon growth system

LI Yan, LlJin, GAO Mangmang, GAO Ang
(Key Laboratory of Ningxia for Photovoltaic Materials, Ningxia University)

Abstract:The heater is one of the major components for the Czochralski silicon growth furnace. In
this study, the CGSim package has been employed to analysis the consumption of graphite,
deposition of silicon and SiC with various inert argon flow velocities in CZ silicon growth. The
results showed that the silicon prefers to depositing on the upper part of the heater, while the SiC on
the lower part. As increasing the argon flow velocity from 0.1m-s™! to 0.4m-s™!, the deposition rate of
silicon decreases from 7.8pum/hr to 5.1pum/hr and the covering ratio of the heater increases from 25%
to 100%. However, the deposition rate and covering ratio of SiC decreases from 4.7 um/hr to 0
um/hr and from 75% to 0%, respectively. Consequently, the conclusion could be drawn that,
applying higher argon flow, lower consumption of heater and less depositions, resulting in improving
the efficiency of the heater and prolonging the usage lifetime.

Keywords: single crystal silicon; argon velocity; deposition; heater
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Fig.1 Schematic of grid (Left) and furnace Fig.2 Magnifying figure of
structure (Right) for CZ furnace selected area in Fig.1
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Complex 1

Chemical formula CesHsoBF4N,0,PsFeCu;
Formula weight 1293.76
Crystal system Triclinic
Space group P,

a, A 12.212(7)
b, A 13.533(8)
¢, A 20.361(15)
a, deg 79.85(3)
p, deg 72.71(4)
7, deg 66.13(2)
v, A3 2932(3)

Z 2

Peale, g/em® 1.465

4, mm’! 1.132

Reflections collected 73497
Independent reflections 11584

Rint 0.0610
Reflections I > 2o(]) 11584
Parameters 732

GOF on F? 1.033

Ri® IwR2® (I > 26(1)) 0.0373/0.0834

Ri® /wR2 (all) 0.0549 / 0.0909

2R, = [Z abs(abs(Fo) - abs(Fc))]/ [ abs(Fo)]. ® wR2 = [E(w(Fo? - Fc?)?)/ Z[w(Fo?)*]*°.

#£S2. AW 1K TEEBEK A Ao].

Bond lengths [A]
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Cu(1)-Cu(2)
Cu(1)-0(1)
Cu(1)-P(1)
Cu(1)-P(3)

Angles [°]

O(1)-Cu(1)-P(1)
O(1)-Cu(1)-P(3)
0(2)-Cu(2)-P(2)
0(2)-Cu(2)-Cu(1)
N(1)-Cu(2)-P(4)
P(1)-Cu(1)-P(3)
P(1)-Cu(1)-Cu(2)

P(3)-Cu(1)-Cu(2)

2.9121(16)
1.981(2)
2.2391(14)

2.2478(14)

117.87(6)
114.30(7)
119.01(7)
76.06(7)
97.71(8)
127.39(5)
93.29(4)

98.70(4)

Cu(2)-N(1)
Cu(2)-0(2)
Cu(2)-P(2)

Cu(2)-P(4)

O(1)-Cu(1)-Cu(2)
0(2)-Cu(2)-N(1)
0(2)-Cu(2)-P(4)
N(1)-Cu(2)-P(2)
N(1)-Cu(2)-Cu(1)
P(2)-Cu(2)-P(4)
P(2)-Cu(2)-Cu(1)

P(4)-Cu(2)-Cu(1)

2.129(3)
2.057(2)
2.2650(13)

2.2665(15)

83.59(8)

90.01(10)
112.15(7)
103.89(8)
165.14(7)
123.75(5)
87.65(5)

83.11(4)
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In this work, we perform a characterization study of solution—processed organic solar
cells using a riboflavin derivative, riboflavin tetrabutyrate (TBRF). To investigate
whether TBRF functions as a donor, heterojunction type solar cell consisting of TBRF
and 3,4,9,10—perylenetetracarboxylic bis—benzimidazole (PTCBI) 1is fabricated
(ITO/TBRF/PTCBI (50 nm)/In (20 nm)/Al (30 nm)). The heterojunction cell showed a
power conversion efficiency (PCE) value of 3.54x10¢ %. The result allowed us to
confirm that TBRF functions as the donor since the cell showed a photocurrent under
white light illumination owing to a photovoltaic effect. In bulk heterojunction type solar
cell (ITO/MoOs3 (5 nm)/TBRF:[6, 6]-phenyl-Ce¢;1 butyric acid methyl ester (PCBM)/In
(20 nm)/Al (30 nm)) that can be expected to obtain an efficient charge separation by
increasing the donor—acceptor interface area in an active layer, a higher PCE of
1.39x10° % was obtained. Photocurrent action spectral measurement in the
TBRF:PCBM bulk heterojunction device revealed that PCBM has a dominant role in
photocarrier generation since the measured photocurrent response in the wavelength
region of 380—650 nm was due to the optical absorption of PCBM. The results of the
photovoltaic tests in the present study indicate that TBRF is applicable to photovoltaic
cells.

1. Introduction

87



Organic solar cells have attracted much attention as low—cost energy conversion
devices owing to their advantages of easy fabrication, lightweight and possibility to be
fabricated on flexible substrates [1-10]. Heterojunction type organic solar cells have
extensively been used as a typical device architecture consisting of the layered
donor/acceptor heterojunction. In the heterojunction solar cells, while the cells have
merit of favorable carrier transport properties, sufficient photocurrent generation cannot
be occurred due to an insufficient donor—acceptor interface area. The organic solar cells
with high power conversion efficiencies (PCEs) have now been fabricated using the
active layers consisting of a bulk heterojunction structure obtained by blending a donor
with an acceptor [1-10]. In bulk heterojunction solar cells, the donor and acceptor are
naturally nanostructured due to phase segregation of the donor and fullerene derivatives.
The morphology of the nanostructure can be controlled through thermal and solvent
annealing. Annealing treatments typically increase the size of the domains in the blend
films, which increases the distance that excitons need to travel to dissociate at the
heterojunction interface. These studies have so far mainly been performed on
polymer—based photovoltaic devices such as poly-3 (hexylthiophene)(P3HT):[6,
6]-phenyl-Ce¢1 butyric acid methyl ester (PCBM) bulk heterojunction solar cells [1, 2].
However, the high cost of polymer materials restricts the widespread application of
organic solar cells. The solar cells using small molecules (low—molecular—weight)
which can be synthesized at low cost are advantageous in this regard [6, 7-10, 20].
Moreover, the small molecules offer advantages in terms of the ease of their synthesis
and purification, less contamination and less inconsistencies from batch to batch

preparations.

Meanwhile, riboflavin [11-16] which is one of the most important bioactive

88



materials is synthesized by microbial fermentation, and is obtained commercially at low
cost [11, 12]. The studies of oxidation—reduction properties, electron—transfer properties,
phototropism and neurotransmitter control have extensively been performed on
riboflavin derivatives [13—-16]. However, no device—oriented studies involving
riboflavin as an electronic material have been reported yet. The relatively unexplored
research areas in regard to their device characteristics motivated us to compile
experimental data of the properties and utility of riboflavin in organic solar cells. Here,
we report on the fabrication and characterization of solar cells using riboflavin

tetrabutyrate (TBRF) [17] which is a riboflavin derivative as a donor material.

2. Experiment

2.1. Device fabrication

The photovoltaic devices in the present study were heterojunction type cell
consisting of TBRF and 3,4,9,10—perylenetetracarboxylic bisbenzimidazole (PTCBI)
[18, 19] and bulk heterojunction type cell consisting of a blend of TBRF:PCBM (1:2
weight ratio). The device structure consists of active layer sandwiched between a
transparent indium tin oxide (ITO) anode and a metal cathode (Al).

For the fabrication of solar cells, the ITO—coated glass substrates (sheet resistance:
10 Q/sq.) were cleaned as follows. First, the ITO substrates were cleaned by
ultra—sonication in acetone for 5 minutes and then cleaned in ethanol for 5 minutes.
Subsequently, ammonia water (28% in water) and hydrogen peroxide (30%) were mixed
in a 1:1 volume ratio and the substrates were immersed in the mixed solution kept at
80°C for 20 minutes. Finally, the ITO substrates were rinsed by distilled water three
times and dried in the air.

For the preparation of the heterojunction solar cell, TBRF was dissolved in
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chloroform with solution concentration of 20 mg/mL. The TBRF solution was
spin—coated at 1000 rpm for 200 s on the ITO substrate. PTCBI [35, 36] was used as an
acceptor molecule, which was synthesized according to a published procedure [35, 36].
Then a 50-nm thick PTCBI film was vacuum deposited on the TBRF layer. Finally,
indium (In) (20 nm) and Al (30 nm) electrodes were successively deposited by vacuum
evaporation on the PTCBI layer to fabricate the heterojunction structure
(ITO/TBRF/PTCBI/In/Al) as shown in Fig. 1(a). Here, In and Al were thermally
evaporated under a pressure of 1.0x10™ Pa at a rate of 0.1 and 0.5 A s! for In (0-10 A:
0.1 A s!, more than 10 A: 0.5 A s!), and ~4.0 A s! for Al. The deposition rates were

controlled by a quartz crystal oscillator (ULVAC Inc., CRTM—-6000G).

(b)
PTCBI (50 nm) TBRF:PCBM
] TBRF MoO; (5 nm)
ITO i ITO i
glass glass

Fig. 1. Device structures of heterojunction (a) and bulk heterojunction (b) solar cells.
These solar cells consist of ITO/TBRF/PTCBI (50 nm)/In (20 nm)/Al (30 nm) (a) and
ITO/MoOs3 (5 nm)/TBRF:PCBM/In (20 nm)/Al (30 nm) (b) structures, respectively.

For the preparation of the bulk heterojunction type device, blend solution of
TBRF:PCBM with 1:2 weight ratio was prepared in chloroform with solution
concentration kept at 20 mg/mL. MoOs was used as a hole transport layer. A 5—nm thick
MoOs film was vacuum deposited on the ITO substrate. The TBRF:PCBM blend film
was obtained by spin—coating the blend solution at 1000 rpm for 200 s on the MoO3
layer. To complete the photovoltaic device fabrication, In (20 nm) and Al (30 nm) were

vacuum deposited on the TBRF:PCBM blend film to form the desired structure
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(ITO/MoO3/TBRF:PCBM/In/Al) (Fig. 1(b)) as with the heterojunction device.

2.2. Characterization techniques

Optical absorption spectra for TBRF single—layer and TBRF:PCBM blend films
were obtained using an ultraviolet—visible (UV—vis) spectrophotometer (Shimadzu,
UV=-3100PC). Current density—voltage (J-V) plots of photovoltaic cells were measured
under white light illumination (100 mW/cm?, simulated solar spectrum AM]1.5). The
photocurrent action spectrum under zero bias voltage was obtained by irradiating the

fabricated photovoltaic devices with monochromatic light. All devices were tested in air.

3. Results and discussion

3.1. Optical absorption spectra

Figures 2(a) and 2(b) show the molecular structure of TBRF the optical absorption
spectrum of TBRF thin film spin—coated on a quartz substrate, respectively. In the
TBREF single—layer film, four distinct absorption peaks at 352, 425, 448, and 476 nm
corresponding to electronic transitions from singlet ground states to higher excited state
are observed. The absorption spectra of PTCBI (50 nm), PCBM, and TBRF:PCBM
blend thin films are shown in Fig. 3. Black solid, gray solid, and black dashed lines
indicate the absorption spectra of PTCBI, PCBM, and TBRF:PCBM blend films,
respectively. In the absorption spectral measurements, PTCBI was vacuum—deposited
on the quartz substrate, and PCBM and TBRF:PCBM films were prepared by
spin—coated on the quartz substrates. In PTCBI, a vibronic structure of singlet m—m*
transitions appears at ~540 nm and at ~680 nm. PCBM has only weak absorption in the
visible and near—infrared regions. The absorption appeared in the range of 400—550 nm

is associated with intermolecular interactions between fullerenes. In the TBRF:PCBM
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blend film, four absorption peaks at 352, 459, 483, and 535 nm, and shoulder peaks at

628 and 716 nm are observed.

(a) OCO(CH2)2CH3
OCO(CH2)2CH3
H3C(H2C)20CO"
H3C(H20)20C0"
M N. N .0
] e i
NH
Me 2 N/
0
1.0
1 ()
0.8 A
9 |
c 0.6 4
@
e -
9 04 -
o)
2 |
0.2 A
0.0

300 400 500 600 700 800 900 1000
Wavelength (nm)

Fig. 2. (a) Molecular structure of TBRF. (b) Optical absorption spectrum

of TBREF single—layer film spin—coated on a quartz substrate.
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Fig. 3. Absorption spectra of PTCBI (50 nm), PCBM, and
TBRF:PCBM blend thin films.

3.2. Photovoltaic characteristics

The J-V characteristic of the heterojunction type solar cell consisting of
ITO/TBRF/PTCBI/In/Al is shown in Fig. 4. The TBRF/PTCBI heterojunction cell gave
the power conversion efficiency (PCE) of 3.54x10° % with open—circuit voltage (Voc)
of 0.50 V, short—circuit current density (Jsc) of 3.42x10”°> mA/cm?, and fill factor (FF) of
0.21. One of the origins of the low PCE is considered to be a high resistance of the
TBREF film. Although the PCE of the heterojunction type cell is low, TBRF functions as
a donor since the photocurrent was generated by irradiating the cell with white light

owing to a photovoltaic effect.
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Fig. 4. The J-V plots of the heterojunction type solar cell consisting of
ITO/TBRF/PTCBI/In/Al.

It is expected that an efficient charge segregation by increasing the donor—acceptor
interface area in an active layer will improve device performance. Thus, we employed
bulk heterojunction structure (Fig. 1(b)) instead of the heterojunction structure. In many
types of the bulk heterojunction type solar cells [1-9, 20], PCBM has been used as a
standard and efficient acceptor [1, 2, 20]. Therefore, we used PCBM as the acceptor for
solution—processed bulk heterojunction solar cell. Figure 5 shows the J-V plots of the
TBRF:PCBM bulk heterojunction type solar cell. The bulk heterojunction cell
demonstrated a PCE of 1.39x103 % (Voc = 0.49 V, Jsc = 8.9x107 mA/cm? and FF =
0.32). In the TBRF:PCBM bulk heterojunction cell, the PCE was improved by a factor
of 393 in comparison with the heterojunction cell, although the device performance is

not directly comparable due to the different cell architecture.
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Fig. 5. The J—V plots of the TBRF:PCBM bulk heterojunction type solar cell.
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Fig. 6. Photocurrent action spectrum of TBRF:PCBM
bulk heterojunction type solar cell.
To investigate the effect of the active layer on the photovoltaic characteristics, the
photocurrent action spectrum was measured. The photocurrent action spectrum of the
TBRF:PCBM bulk heterojunction cell (ITO/MoO3;/TBRF:PCBM/In/Al) is plotted in Fig.

6. The spectrum was obtained by irradiating monochromatic light from the ITO side to
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the cell. The action spectrum is dominated by photocurrents generated in the
wavelength region of 380—650 nm. The action spectral shape is similar to the absorption
spectrum of PCBM (see Fig. 3). This means that the photocurrent generation originates
from the excitation of PCBM. In other words, in the bulk heterojunction device, TBRF
makes no significant contribution to photocurrent generation. In the bulk heterojunction

device, it is considered that TBRF has a role in transporting hole carriers.

4. Conclusion

Solution—processed organic solar cells using a riboflavin derivative as a donor
were fabricated. The J~J measurement of TBRF/PTCBI heterojunction cell allowed us
to confirm that TBRF functions as a donor. In the TBRF:PCBM bulk heterojunction
type solar cell, the higher PCE of 1.39x10" % was obtained owing to an increase in the
donor—acceptor interface area in the active layer. From the photocurrent action spectral
measurement, it was found that PCBM has a dominant role in photocarrier generation
since the measured photocurrent response in the wavelength region of 380-650 nm was
due to the optical absorption of PCBM. The present study showed that TBRF is
applicable to photovoltaic cells as the donor material. We anticipate that enhancing the
photovoltaic performance of solar cells using a riboflavin derivative leads to an

effective choice to realize the low—cost solution—processed solar cells.
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(=) RRBEAKFEETHERT

R NIEIN R 2 5 R I AR AR L, e RAESEE I H A& Hir. 2014 4
A XA R T SIS B 8410 76, LG 1978 4F3EK T 65. 2 £, H-PHEK 12. 4%,
BRI IR T ARG T34 Bl A BB B A TR BT
UK, TERARBANEFIGEL L, BFBOE, B, SN URERRILFEER,
BEANFFSERE K B

© AR R R g e IR 9 XORHRS BE H B R . 1 ERBIUN T B R H [ bR
WA AR WA, FERA 7M. Rikiay. TIRHTE R R X St
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R L1 BEFBURTRESEERREAEKER

REAIAN O) LA ST ()
F THE e THE et
1980 175.1 191. 3 26. 2 19.5
1981 200. 3 223. 4 14. 4 16.8
1982 228.6 270. 1 14.1 20.9
1983 273.8 309.8 19.7 14.7
1984 298. 7 355.3 9.1 14.7
1985 325.9 397.6 9.1 11.9
1986 378.8 423. 8 16.2 6.6
1987 387.0 462. 6 2.2 9.2
1988 480. 2 544.9 24.1 17.8
1989 538.3 601. 5 12.1 10. 4
1990 594. 3 686. 3 10. 4 14.1
1991 608. 1 708. 6 2.3 3.2
1992 618.7 784.0 1.7 10.6
1993 667. 0 921.6 7.8 17.6
1994 910.5 1221.0 36.5 32.5
1995 1037.0 1577. 7 13.9 29.2
1996 1415. 8 1926. 1 36.5 22.1
1997 1545. 1 2090. 1 9.1 8.5
1998 1756. 1 2162.0 13.7 3.4
1999 1790. 7 2210. 3 2.0 2.2
2000 1724.3 2253.4 -3.7 1.9
2001 1823. 1 2366. 4 5.7 5.0
2002 1917. 4 2475.6 5.2 4.6
2003 2043. 3 2622. 2 6.6 5.9
2004 2320. 1 2936. 4 13.5 12.0
2005 2508. 9 3254. 9 8.1 10. 8
2006 2760. 0 3587.0 10.0 10. 2
2007 3181.0 4140. 4 15.3 15.4
2008 3681. 0 4761. 0 15.7 15.0
2009 4048. 3 5153.0 10.0 8.2
2010 4674.9 5919.0 15.5 14.9
2011 5410. 0 6977. 3 15.7 17.9
2012 6180. 3 7916. 6 14.2 13.5
2013 6931. 0 8896. 0 12.2 12. 4
2014 7673.0 9892. 0 10.7 11.2

R . Hxgit /T EEEE (FEIABRFEL) (1980 4£-2013 4£) , 2014 FHIEHR
PR 2 B g DB,
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(=) TRERLT X5t X R RIS L4

TEIFEA T XA E KRB R, A X TOR M E X, E R TR AR 548
W, SRR, RESIVEGR. T E P X AL L XA TR Ry, 2 E A
e 7S A LD BRI IX, BRSPS, Gtz , REARXN T 5l mEX ARG . H
Zo0d PR IR XN BB 2 A R ey R E R AR XK IR RE, $RETF R UL B S5 A
R.2014 4 5] BEREX AR R AEIN 9687. 6 I, E 1982 FE1EK: T 30. 7%, S48 K 1. 4%,
rh R X AR B A 4l N H 1982 4R 126. 6 JotEhn® 2014 4E () 5887 Jt, K T 45.5
B, IR 12, 7%, WELLSIEEREXER 1.3 AN E . AR R R X R BRI 1, 1l
JAR BN XS ZE B T 1982 4R 1) 2. 4: 1, 4i/NE] 1990 1 2. 2: 1, —ERRE K,
F) 2000 FEKF 2. 7: 1, ZJFIBH4E/0, 2013 SE45/NEME A 1. 7: 1, 2014 FEIAF] 1. 64: 1,
FEOKT 22 BE B AR/ o (BN ZEXT K ZE PR, 51 B IX 5 rp g i X R ERUSN ZE FE IR A
AR, M 1982 4 (1) 178. 9 Jod K F| 1990 (1) 442. 4 J6, 2000 FZFEYKF] 1713. 4 Jt,
2014 FEZFEIAF] 3801 J, Mit—BRik.

®1.2 THRIIREXSHEHBXERREARBRL

KRR FIEEXARR | P X %Iﬁ?élzl:l:jj 5] B X N
T . AN | RAgRN | mEthiX m | X R
g N () . _ . N
(JB) (JB) (JB) %
1982 229.18 305. 45 126. 58 178. 87 2.41
1983 273.78 342. 12 178. 23 163. 89 1.92
1984 298. 71 357. 85 202. 68 155. 17 1.77
1985 325. 88 418. 95 199. 65 219. 30 2.10
1986 378. 82 486. 39 230. 37 256. 02 2. 11
1987 387.01 520. 25 203. 14 317.11 2. 56
1988 480. 22 623. 22 274. 43 348. 79 2.27
1989 538. 30 716. 41 299. 40 417.01 2.39
1990 594. 28 804. 92 362. 50 442. 42 2.22
1995 1037. 00 1529. 81 599. 62 930. 19 2.55
1996 1415. 78 1986. 21 914. 22 1071. 99 2. 17
1997 1545. 08 2349. 08 896. 67 1452. 41 2.62
1998 1756. 11 2609. 75 1053. 34 1556. 41 2.48
1999 1790. 70 2627. 14 1107. 55 1519. 59 2. 37
2000 1724. 30 2700. 71 987. 32 1713. 39 2.74
2001 1823. 13 2839. 90 1078. 03 1761. 87 2.63
2002 1917. 36 2929. 60 1204. 66 1724. 94 2.43
2003 2043. 30 3039. 70 1295. 09 1744. 61 2.35
2004 2320. 05 3407. 62 1487. 27 1920. 35 2.29
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2005 2508. 89 3583. 99 1687. 01 1896. 98 2.12
2006 2760. 14 3883. 48 1882. 91 2000. 57 2. 06
2007 3180. 84 4369. 40 2190. 52 2178. 88 1.99
2008 3681. 42 4863. 83 2582. 26 2281. 57 1.88
2009 4048. 33 5260. 20 2916. 27 2343. 93 1. 80
2010 4674. 89 6010. 76 3415.74 2595. 02 1.76
2011 5409. 95 6907. 30 3964. 00 2943. 30 1.74
2012 6180. 30 7870. 80 4590. 50 3280. 30 1.71
2013 6931. 00 8798. 90 5246. 90 3552. 00 1. 68
2014 7673.0 9687. 6 5887.0 3800. 6 1. 64

BRI ExRgtRTERAAN (FEREEL) (1982 F£-2013 %) , 2014 FHHE
MRAE IR 2 4E P R A g D AR B R .

e It
12000 LN S lION 3
10000 f 4 2.5
8000 | ' I {2
6000 | 4 1.5
4000 | 1
2000 | |_‘|_‘ 0.5
N [ag] <t el e o~ 0 [e}] (=] [le] © ~ 0 [e)] o o~ [aN] [ap] < Kol e o~ [ee] [e} (=] — [aN] [32] <t
W W W W W W O 0V & & & & O o O O O O O O O O O O = = o= o= =
[o2 >IN« >R« >R I e ) [o2TNNe > NN PN« NN« e N e ) o> O O O o O O o O o O (=) o O O
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ [aN] [aN] [aN] [aN] [a\] [aN] [a\] [aN] [aN] [a\] [aN] [aN] [aN] N [aN]
G [ =X = g EIX SIEMED b E X s

B1.3 TRIHEXSHREHHRXRREAN LA
FRBRIE: MEERGRTERELSN  (TEIEEEEE) AR 2

(2) RREFBHBKFAERENE T HENE

RL3  BEEIHRURT ERRAER S REHHRL

AR | A FEE | 5LEST | 6. | 7. XH

- LER | 2% | 3.FBE wmn | me | wmm | e 8. HAth
1983 | 208.85 | 126.54 | 28.80 | 23.31 15.72 | 4.92 1.15 7.30 1.12
1984 | 231.59 | 135.47 | 30.89 | 28.78 19.07 | 6.25 1.52 8.48 0.83
1985 | 264.46 | 154.55 | 32.71 | 30.95 20.53 | 8.16 1.34 14. 58 1.63
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1986 300. 86 169. 8 38.65 38.63 21.95 9.00 1.73 16. 98
1987 330. 05 187. 39 39.69 44.10 24.78 10.90 2. 44 16. 85
1988 397.77 205. 86 48. 77 48.13 41. 88 12. 67 2.83 34.59
1989 458.9 240. 23 53.11 68. 69 37.52 16. 01 3.43 37.34

N o | w | oo w| w]| e
o
ps}

1990 486. 32 275. 25 50.71 65. 86 28.95 17.01 12.10 34.11 33
1991 518.79 292. 81 58. 26 62.57 36.51 21.08 10. 23 33. 25 79
1992 561. 37 323.03 53.23 73.84 32.08 23.41 9.95 40. 32 51
1993 605. 93 341.78 55.16 80. 16 37.09 26. 76 15. 47 42.32 19
1994 831. 32 486. 2 66. 92 106. 38 46. 60 29. 36 26. 35 51.42 18. 09
1995 1057.78 608. 6 83. 86 146. 30 59. 26 44. 31 31.29 70. 87 13.29
1996 1233.63 729. 68 94. 44 156. 20 66. 72 55.42 31.32 78.77 21.08
1997 1282. 46 688. 18 105.17 | 201. 21 64. 00 67.82 39. 14 96. 81 20.12
1998 1350. 18 713. 36 104.88 | 216.69 69. 17 76. 84 52.98 97.10 19. 17
1999 1330. 18 675. 86 103. 17 199. 46 76. 43 75.07 52.69 120. 66 26. 84
2000 1417. 13 691. 31 96. 70 227.35 62. 10 88.53 79.79 144. 98 26. 38
2001 1380. 75 643. 76 97. 49 222.51 60. 73 98. 21 96. 00 132.35 29.69
2002 1418.12 633. 16 97.52 203. 75 69.80 | 123.32 | 111.00 | 148.20 31.38
2003 1637.13 680. 15 109.19 | 286.09 56. 09 116. 31 | 170.52 | 178.34 40. 44
2004 1926. 82 808. 54 122.49 | 325.21 65.30 | 186.90 | 155.26 | 217.06 46. 05
2005 2094. 48 922. 54 143.09 | 345.93 77.16 | 198.84 | 178.47 | 177.90 50. 55
2006 2246.97 929. 15 159.10 | 414.65 104.32 | 187.60 | 226.41 | 168.85 56. 89
2007 2528. 76 1019.35 | 184.26 | 450.55 109. 27 | 239.40 | 265.76 | 192.00 68. 17
2008 3094. 86 1288.47 | 217.17 | 582.47 123.91 | 318.77 | 299.29 | 192.57 72.20

2009 3347.94 | 1395.42 | 256.26 | 501.75 169.01 | 356.39 | 365.59 | 217.21 86. 32
2010 4013.17 | 1541.77 | 302.61 | 776.44 188.12 | 417.92 | 444.02 | 241.08 101. 22
2011 4726.64 | 1762.53 | 380.00 | 935.22 264.64 | 444.69 | 483.40 | 324. 36 131.79
2012 5633. 01 1990.92 | 487.74 | 1087.54 | 321.00 | 518.05 | 653.47 | 393.01 181. 28
2013 6464.75 | 2021.77 | 453.35 | 1409.61 | 382.84 | 701.97 | 840.81 | 400.98 253. 41
2014 7363. 4 2290.7 549. 5 1669. 0 410. 8 765.8 | 954.3 472.8 250.0

TRk ERGiHRTERELSN (TEIREEL) (1983 -2013 ) |, 2014 FH IR
VI 2 4 P ST DB,

i R, TR, ST COREEE T ER AN TR R R, AR S A
BE, RERBABKIENREE, RERFEEGFLIABIEE, 4R geb ik,
AEAFIRE AR TG T R NG, T K IR R T D B ST . 2014 FER IR
NIA T B A B 7363, 4 g6, e 1983 SEMAMN 7154, 6 JC, MAK 34.3 £, SEHYAY
12. 2%, RTRERBAIEK 0.8 ME T A

1. WZI 5T IR0 B “Rzil. RZLE . JBSRE FRIE R
2. RAEMHMHE “FE” kst “EM. B~
3. R TR IR B “RETLRE T IRRA AR .
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v HATSEELT | CXET B 57 HE] COFE” I R AR

~ A5 SRR 9 BN AR BT B R 3 7

BT AR AR R A B S .

SR BETHS FHVH 2 fhSEBL 1 “ R A “Rb T

v RSB IMESIEE 2R, 3B IR,

E1.4 FEEHTRRREEZRVHEFRERENR

[ IS T NS BN
7

B AT/N
1985 4F 1990 £ 1995 4 2000 £ 2014 4

o' 261. 1 254. 9 274.7 248. 6 156
Horr: 4R 229. 0 217.78 234.7 223. 4 147
oK 103 85.9 76.3 91.2 72
T 4.7 5.5 7.2 7.2 11.8
S 7.3 8.7 7.5 11.6 15. 4
x & 0.3 0.3 0.8 1.9 6.5
HOR 1.1 1.22 1.1 2.4 3.9
JIN S 4. 56 4.78 10. 1 39 48
0 J i) i 0. 23 0.2 0.3 0.9 9

TRk ERgiitRTEIRTAN (TEFETEL) (1983 4-2013 4) , 2014 FFEHIER
Py 2 AE PR B g DA SE R,

=\ TERNBREBESEEN O
1.5 2007 F-2013 FTREHAEFERLETE

| 2007 4F 2008 4F 2009 4F 2010 4F 2011 4F 2012 4F | 2013 &
(s

BRI | BRI REEESL | S | EHYIL | KHEgh | SLHEgh
K| A kAt WIRFEACT | 2% AF el i ¥ JUREEE | JLFE
Jiti T WL | L
| EEBE | RE LS | BEE BEmhX | REEEE | KA | SeE
H | & BairE | %AF KA | REKE | ERd | 2%

KF e T

T

RATK SR | nssbRb KB | SEREXGE | SERE | SR
WHH oA BAR¥E | EFRFR | Rl | F TR

T 1284

GoRRIE: ARYE T E R EIE X EREUT (2007 4£-2013 ) it Bk .
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W& T H ALY, 2014 4, TERNER ANZE W RS 367 T, 2
2000 4 3.5 fi5, HAMAEREHE SRR 5% FRATE “RAETR” hERHE A
AL o

(—) N FEINEHTR, EFETUEmET

() BESEFN, REHERE

(=) REEAFBGAHRTEE, LATNENHFIRSTHELESR

() 7 RABRNEE LR B

H AT INEE BRSNS T — RS (HRRIMHAE 54 E ikt KA A e —
SEZERR.

L. SCEREZH N, 352 ESCE K7L ER

TEMeEHLE &R
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10.00%
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o 6.00%

Lo 4.00% L e il ==y == =3
i h b
0.00%

2008 2009 2011 2012 2013

B1l.4 TEXERSEEEERXHHE
PORLRIE: MRIEERGIR (2008-2013 45) GiiH i 5 5 4 .

M 1.4 FATUE 1, 2ERASCE 20T 2R RASCE R afk 2 T, 4
(N SCE M 2008 £EM 7. 77% R FEE] 2013 4E 1) 4. 60%, FFET 3.1 B0, TEEK
ASCE M 2008 £ 10. 1% FFEF] 2013 45/ 7. 87%, FRET 2.23 NE 2 A, FA 2008
3| 2013 R AFBEMBALEERE, TERRACERS 2B BRACE RBIAEE
BZERE, TERANNEE S RGN, BT 288 BRI BEASE R 52,
JEHRAERN XA R T NEOE 5 — 5 He il

2. RN LM CERHES T HECER

MWF (1.6, B 1.5) afLLAEH, 2008 T E LM CEZHEN 14. 60% THEBEEH
A5 T1%, f=ith 8.89 NAE T AL, 2009 fFE T E Lt 5 BRI SCEME 2 208 8. 17, 2011 4
WE 2 27,12, 2012 EH 2 25 5. 68, 2013 TEH 2 24 5. 81, BRI & 2 1Al (1 Z 1R
FELEAWIAR /N, (EE N ZEE FoRE ZIEE K. ARSI AR S 5 L SCE %
HeE W CE XTI, TROLECERNERTEELECER, 2008 F£5
th 3. 08 A 4r AL, 2009 i 3.68 ANAE AN AL 2011 Em 4. 49 A AL 2012
H 3. 04 NES AL 2013 S 4. 08 DNE A AL, Hoz TA) 1 22 FR R AL = 24N 4y
M, TEBMERSEEBMCERMWER IS LA R, 2008 EREZZEN 1.

116



71,2009 4FEW 2 724 2. 25, 2011 4FK 2. 41, 2012 4F 2, 2013 4FK 2. 47, WH AT LLE H
TH WG MR T AR E — € £,

#£1.6 THEHBELUERENER L %
NEX TR ER SE M CE R

Y
2008 4F 14. 60% 11. 52%
2009 4F 14. 02% 10. 44%
2011 4 12. 26% 7.77%
2012 4 10. 35% 7.31%
2013 4 10. 81% 6. 73%

FoRRIE: RIEEZFSTR (2008 FF-1013 4F) St EiEfesE .,

ML CE R, WVEEEN B AN IRHRAAEEAN PR, RN S5 %
PHAIR, RS EOAAAEE R SR LMNE, Pl S sCE R R & T Bk

Bt TES
T.00%
B6.00%
5.00%

=] 4.00%

i 3.00% " i %
1.00% pERETES
0.00% - : .

2008 2009 2011 2012 2013
=iy

B4.5 TEEEXEREEEBHEXERILA
PORLRIE: MRIEEZGIR (2008-2013 45) GiiH i 5 5 41 .

(=) YIHZHAEFRBRRSEEHELERFHRR

2007 SEAE 6 X N 6 S UL LHIThRZEE NS 6 & 6 B UL EAFZ Y 40. 22%,
TH 6 %K 65U YT RZBAENELE 6 5 )% 6 5L EANBZ R 36. 24%, [FFEAHE A
E TR 3,98 NE A, 2008 FEEH 3.3 ANE A, 2009 SEEH 317 ANEH
2011 £EFHY 2,66 DE A, 2012 45 3.4 NE A5, 2013 SE i 4. 08 NE AL M
2007 FE2] 2012 R ETEH 6 % [ 6 X UL bW ZHE NEE 6 % K 6 % UL EABHI LR

117




HaEMZ ZRBE TR, BT 2012 FIFEMWE B Z2EA B EFHES . 2007 4
6 % K 6 % LA B ANHCKh 1803 AF 2013 4 6 & K& 6 % DL EIH A¥Ch 1825 A, M
HARI ANEORE LB UA IR K, TEHMIX 6 % K% 6 % UL EZAFERENIF AL 6
%K 6 % UL B NE e WP E N 37, 60%, A ESPIE A 41.02% , IRT2E 3. 424 H
. WIMFE L7, 1.8 fiR:

1.7 £E6SK6 S LYPZHFEMN BAr: A, %
NE o . N .
e 6516 LUEMTANE | 6% k6% EAE EaES
3
2007 4 448897 1116037 40.22%
2008 ¢ 452929 1106434 40.94%
2009 455002 1091868 41.67%
2011 4 441905 1067267 41.41%
2012 4 430799 1047865 41.11%
2013 4 425144 1041825 40.81%

FORRIR: RIEERZIR (2007 4£-1013 45) Giit s .

R1.8 TH6SK6SULHHZHFREL B N, %
| 6% K6 %Ll BT AR 6% 16 % EAK bt
b

2007 4 1803 5117 36.24%
2008 4= 1918 5095 37.64%
2009 4 1957 5083 38.50%
2011 4 1955 5045 38.75%
2012 4 1871 4961 37.71%
2013 4 1825 4969 36.73%

PERRIE: MRI\TEREEERX SR (2008 F-1013 %) FritHuE#ERE.

() BHZHAEROEIISE

2007 £ 6 B 6 B UL Lmh 2B E NS 6 & K 6 Z UL A L 12. 45%, F] 20
13 K3 15. 66%, HHNT 3.21 ANES A, 2007 SEEEHFN 6 & K& 6 B UL LEh sz
BABE 6 %1650 EASZ N 13, 41%, L E E i 0. 96 ANE 4 A, 2008 £ HY 0.
83 N 7 A, 2009 £EEHY 0. 94 NE A, 2011 4 1.88 AN E 2 A, 2012 £EiH 3.4
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ANESY R, 2013 4EmE i 0.86 NE . TH 6 5 K& 6 5 UL EEh ANBUE PR HBE NS
6 %} 6 % UL EANECZ LB aT DUE H R AR 3502 J& T84 B R, dsisioisz
B E A R N 2 A i, ER S5 4E 6 5 K& 6 5 UL Emh B E LR
A, MR ZEEKEERT, HRS5AENEE S FNESIF, 27T 2013 1
P R ZE ISR T 0.86 NE T r . B2 T HE mH 2 8E NS -5 4 [ 1) 2 85
BENF TRV ZHE NS EE M ERE, WS —AMUE T VR T E R 28 E
NEE MR TFHIH . WFER 1.9, 110 Fiox:

K19 THEIR6ZULHIZHFRENL BA: N, %

| 65 %6SU LRt A% 6% 6% EAKL b
b
2007 4 637 5117 12.45%
2008 4 656 5095 12.86%
2009 4= 667 5083 13.12%
2011 4 685 5045 13.58%
2012 4F 631 4961 12.72%
2013 4 778 4969 15.66%

GORRRIE: AR T Bk AR X SR (2008 4£-1013 42) Grit Bl

£1.10 42EH6SK6SULEIZHERENR Bfr: N, %

Fr
65 N6ZULRTAL | 6% K65LIENE b
AE
2007 4 149635 1116037 13.41%
2008 151474 1106434 13.69%
2009 4 150648 1091868 13.80%
2011 4 165049 1067267 15.46%
2012 4 168941 1047865 16.12%
2013 4 172088 1041825 16.52%

FORBRIE: RAEE KGR (2007 4-1013 ) Geit 2.

() BRALTHER A SEERZATHERAELRT
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TH 6% K6 ZLL ERLHEREILLEMN 2007 F£3] 2013 4224 EFRES, I
2007 £E[1) 7. 43%F) 2013 £E11) 11. 25%, KT 3.82 MNE s, HFIEN 8. 75%, £E M
SFIE S 8. 79%, MFIME FREEAE2EEN 6 % )k 6 % L) E R EHZHEH .
WREE 1. 11 Fis:

£1.11 2EH65 K6 SU L ABZREHFRN Bh: N, %

NE
e 656 LULERENE | 62565 ENE e

y)

2007 73184 1116037 6.56%
2008 74175 1106434 6.70%
2009 79567 1091868 7.29%
2011 107348 1067267 10.06%
2012 110990 1047865 10.59%
2013 117925 1041825 11.32%

FORRIR: RIEEZRSHR (2007 4£-1013 45) it i .

=, BERERBEAZESFERE

RN, BEEI 2 B RN FFSE BN, TR IS 2 R R I, REME
BESIidE—D1h5R, JFan AR 2 ORRE ) . (R HBILOR 0 2 BRI AKCE . Sl A 52 T
FARCPEAR, 2 IWNEERER RN, W2 ERFEREKEZER K.

(=) B2 ERMAKER

BUEFF AR, 2000~2012 4F, FIBRMASRIER G, 4 EBEE R AT RN T2bR
LK 9. 6%, K E RGN SEBRE K 7. T 1107 B0 JE XY ] SZ IR
NI 9. 3%, MR R AN EIIIEK 7. 4%, 2000~2012 4F, TEIHZ FERIK
AR IS T4 0.3 NEA A, T 1978~2012 4F, T EIN 2 J& UK AIG K4 518 T4
[ 0.9 F L ANE . ATUVEH, TESA&E S E RPN KEIE K 2R H 46 .
PB4 E 31 M T FA KR RG-SR, 2000~2012 4, &R AAINF
SEPRIE KR 5V IR 27 A1, RTEE. TR H WEUE R A SRR
Py bRIg K R 12 1. R T E I 2 E RN K5 4 [ P35 7K P (1 22 FEAS )RAH ]
R 41-12 FioR:
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# 112 2000 4-2013 HFH 52 EAKRBOKT REFFHK MW
EEAR | TEAR
BERR | TERR ook | Al | ABmK | ok
Tty | NI IR T T o | Ak | 28
AGE | A GB S oh = h
K &% 1 C))
2000 2253 1724 —-529 2.1 3.2 -5.3
2001 2366 1823 —-543 4.2 3.5 -0.7
2002 2476 1917 —-559 5.0 5.7 0.7
2003 2622 2043 —-579 4.3 4.5 0.2
2004 2936 2320 616 6.9 8.7 1.8
2005 3255 2509 —746 8.5 6.9 -1.6
2006 3587 2760 -827 8.6 7.5 -1.1
2007 4140 3181 -959 9.5 8.8 -0.7
2008 4761 3681 -1080 8.0 5.3 2.7
2009 5153 4048 -1105 8.6 8.4 -0.2
2010 5919 4675 1244 10.9 10. 4 -0.5
2011 6977 5410 —-1567 11.4 1.7 -3.7
2012 7917 6180 —-1737 10.7 12.3 1.6
2013 8896 6931 —-1965 9.3 8.1 -1.2
pORRIE: EXRgubRTE ISR CTEREHIE) (2000 4-2013 4

TH 54 EWAE R AT SRR AP 4a %) ZE B 2000 421 1368 Jod K E 2013
ERY 5122 0. B 2020 5, TEIN 2 E U E S 4 E U NS G HAMES R E .
T 1. 13 Fin:

F1.13  2000~2013 FTE 5&EBEE RN KFEERB X HLE
SEBEE | TERER

o g | EARER | TRER | ukr | RANTE | RAMTX | K

= o= =i EWAERR | B EFR ZhE

WA Go) | BN G
MK %0 MK %0

2000 6280 4912 ~1368 6.4 10. 1 3.7
2001 6360 5544 ~1316 8.5 11.4 2.9
2002 7703 6067 ~1636 13.4 10. 1 3.3
2003 8472 6530 -1942 9.0 6.0 -3
2004 9422 7218 ~2204 7.7 7.0 0.7
2005 10493 8094 ~2399 9.6 10. 4 0.8
2006 11760 9177 ~2583 10. 4 11.5 1.1
2007 13786 10859 ~2927 12.2 12.6 0.4
2008 15781 12932 ~2849 8.4 10. 4 2
2009 17175 14025 ~3150 9.8 8.1 1.7
2010 19109 15344 ~3765 7.8 5.4 2.4
2011 21810 17579 4231 8.4 8.3 -0. 1
2012 24565 19831 4734 9.6 10. 4 0.8
2013 26955 21833 5122 7.0 6.6 0.4

PORLRIE: EZRGHR T ERELS (T EIREEE)
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(2) Bz ERWAKFERE

2013 T E AR R AIIAIRN 6931 7, ST EF7KFR 77. 9%, b 2000 F32 5
T LANE R EE3LNE T BRKHESE 24 67, 5 2000 —5, AL 2007 442
TFET —hL. 7EPHER 1248 T BRI, ALEEE 5 47, 5 2000 45—, IFHER. BEIK.
Uil HrEE, L2007 ST T . fEFEIL 548 (XD FHESS 2 41, KT TEE.

2013 4FEIRAEE RS AT SRR ION 21833 J6, A4 A FEFE/KCTF R 81%, H 2000 4F
P T 2. 8 NE Y AL, T E IR RN —FER S A [ T 2 76 X 2 PR, R4
31AME (. XD 1, 2000 4EHE 29 iz, 2003, 2004 FEELEPIEHY S ERE. BEEH
T30 DT BRI YR X R . BURP RAE M B = AL, 2 LSS, TR A ERITE
X ALGZE TR, 2007 SEHESE S5 25 7. PEEREE 7 Ar. PEILSS 1 AL, 2013 4E4ke:4E
FRHEAZESE 25 A, PUEREE 7 60, MRTAWZEd. 7. HEK W), =/, B, ik 5
A (X)) 2, EEREZE. WFE 1 14-1. 16 fixs:

FR1.14 2013FEEE3ANE. H. BEREEXEZ EREAKFE ¥fr: T

1y, 4) ey,
% REASEEO | x| BRERAS L
4 8896 26955
b 18337 2 40321 2
K 15841 4 32294 6
e 9102 12 22580 19
g 7154 23 22456 20
e 8596 15 25497 10
T 10523 9 25578 9
RS 9621 11 22275 23
ORI 9634 10 19597 29
i 19595 1 43851
YLIR 13598 5 32538 5
WL 16106 3 37851 3
2R 8098 20 23114 15
gy 11184 7 30816 7
VAN 8781 14 21873 24
L % 10620 8 28264 8
SN} 8475 16 22398 21
A 8867 13 22906 17
il 8372 17 23414 12
IR 11669 6 33090 4
| 6791 25 23305 13
biEae] 8343 18 22929 16
H R 8332 19 25216 11
g 7895 21 22368 22
M 5434 30 20667 26
L] 6141 29 23236 14
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[liF = 6578 26 20023 27
(i} 6503 27 22858 18
Hil 5108 31 18965 31
il 6196 28 19499 30
TE 6931 24 21833 25
HraE 7296 22 19874 28
PORERIE: EZRGHR (2014 SEHESHHES)
#£1.15 THE5L&ERR AR ZEN ER LT TO %
4 H 31 . R
TRES5EE | L EVE 124 | FERIL5 4
o 2 | THE | TESE TR s | (RO He
2000 2253 1724 76.5 24 5 1
2005 3254.9 2509 77.1 23 4 1
2007 4140 3181 76. 8 25 6 2
2010 5919 4675 79 25 4 1
2012 7917 6180 78. 1 24 5 2
2013 8896 6931 77.9 24 5 2
ZRlkE: ExRgitm (PESHEL)Y (2000 F-2013 4F)
£ 1. 16 TES52£EREERALASZERAZ X HE A Bfr: T %
wn | 2@ | am | vEE2E | SEESL | smmioe | wmks s
i ﬁ (X)) Hefir (X) Hebr
2000 6280 4912 78.2 29 11 5
2005 10493 8094 77.1 28 9 2
2007 13786 10859 78.8 25 7 1
2010 19109 15344 80. 3 27 7 2
2012 24565 19831 80. 7 25 7 2
2013 26955 21833 81 25 7 2

FRERIE: EXgiHR (hESZTHEE)

(=) BEBWA BN KFERE

1. REBARL A REPH THRRAF TH Y 63. 6%

(2000 F--2013 4F)

2013 4F, 4 XIAEEAEFAE BV B AR 2 T % 50476 76, FAE FAAI R N B4R
SR T % 932097 76,  ELIAERLE BAALIK 18379 Tt
MTE AT RHNE, ol AR TEZEER K. 2013 4, HEIEFE BALHL N R E

P TR RARKIAWE LT 42424 78, IRy 53898 76, Ak

FER ) 78, T%;

LTSRN B AL b N D3 EE 7 28 B iR AR A SR T A 24695 T8, R IOAR T
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33472 76, WAL EEN 73. 8%, WINE 1. 17 ffios:
RL17T 2013 FEWERE SIEE BAHIA BT TEAKF BT g

\ e e A TR
WK moREnt | meepneng | T REARET
M3t 32097 50476 63. 6
W) 33472 53898 62. 1
W T 32634 42424 76.9
®OE T 31162 46010 67. 7
J5 T 24695 50384 49.0
L] 30865 44212 69. 8

HESRIE: TREHR BERGUHRTEREL (2014 FFEETFEE)

2. AEATEA R B T8 K2 7 5 &
AERLE AL Z B R LR AKCPAR T2 X PR, A7k 2 [a) st N 3 T8 K 2%
FEEL K. TR 1. 18 fR:

£ 1.18 2013 FIREIERE AL AT WEh A\ RAFFI T H HAT: TG
(T4 2013 4F
Moot 50476
SO NN G114 33699
XAk 80147
il i 43324
M0y 3T  BRARSOKAE P L R 80137
jEisitn|4 39589
bR IR 41688
ZIWIEH . SiER B 54726
{15 AR 32363
=R . BAEAIE BEAR R S5k 65043
AT 4 74026
S5 Hiu =l 42676
FH G AN 25 M 55l 33492
FFERIF TR AR S 57000
IKFN S PR A FL Rt 35624
JE R MRSS  AZ AN H A R 55l 35155
BE 50283
PAERRSTAE 44547
A AR E MG R 48919
ASLER | SRR 22 47962

BEORE: TESGR ERGURTERALN (2014 F£7EGFEE)

MEACTEMRALE, IR A 7 9T T H N 52368 7T, &4 X FHI7K R 1. 04
5, HIRKNBERAF, N 50172 JG, 2 X FHIKTH) 99. 4%; 55 =00 & E A #AhL,
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N 49914 7T, R4 XFEKERT 98, 9%. P15 Lot 2 BE AL, S 30376 U6, A&

A X EKE 60. 2%, WTR 3 1. 19 Fios:

£ 1.19 2013 FIREIRAVE AL B R R R R BRI T8 LR VAR

FCTEME A 2013 4F
Moot 50476
A 49914
LU 48650
e 44109
B 30376
BIRTHEL A 52368
JBe A A7 BR 2 7 50172
Hopth B 34531
R B R R 48112
VNSRS &7 47264

WERLKIE: TRaR EXRGHRTEREEL (2014 F7 R EHHFELE)

3+ WMEHERE A N R THRIK T2 EFHKF
2013 4=, A XIAAAEFAE AL H N A5 T 50476 6, Eb4E /KPR 998
Jto MATWE, 7819 MERAEFATIITZRY, Stk A G 83, 3% 16 Mk T2 T

AP

4 WEAE N EY A B FF 8 TR T 2B F#HKF
2013 47, T EIERVE Al A P T8 LA PP KPR 609 . AT
1, HAXAE RALEL A 51 72, 2% 14 M3 T3 T 2 E 4 K-F .

5. B2 ERBAEK 5SS MFFERE ST

Uo7 BB R BN 2 — AR P e L5 RR Y], 2013 7 B H A )P sk
NG, XA 38, 1RSI 1 WA LIATRE RIS, 11, 5% N 1 3 At = 7R 2 Ik
[, AT 24. 6%BCH SIMEMFRZ RIS . ARATH R R R b A G2, AT 3. 6%Z N
T TIARTREREL, 69. SHIIAS IR M2 IRERER, A 23. 2%8H S
TR . KRR TR AL REN], Al ARRT GRS 6 D H L ERIFER
FAH A FEARA ML 6 A4S H PLE A SO, AU 6. 5% 2 I T 3R TRATR 2 ARG, 58. 2%
ARSI TR BRI, 30 31. 2% R R TEA ZIMEM TR 2R . AT UE H,
W FgatbriEm, mARERIR TIRE RIS IRRIIRARMG, SRS TR 5 I

TR R
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. & RATUR 5 SEER A 3 X

AR, TEERIAEKOSE EREE. (B2, 5&EFHKEH A Z5E,
W 2 & BRI F 2 RN B A RO ZE R, ) 2 o i s s X RN 18 K R SR AS
A RSO B B USROS KR8, 183 T RUE RSO TR DR K KLl R =
Befilio 2 2020 4F, TP EEALE 2010 AFEAE R IR AT ELA RS T SIS B A B 2 R RIS 3
P E R, BIR R A NIA ] 11838 T, IR R A A CRi NIk #] 38218 Jo, i0F
IRKZERE.

(—) B RWEE B AR O3 B A0 Se i ERl

IR E TP e E ]

ME P A BN R 3G 1 SR R A U0, T3 St fE RN TH &I, arE s s AR
AEART . NEWE, IR IR Wi, Wb, vh. U, SN HOR SRRt T “Uk
NG B, FHER T — AT 2 B RNBR A R, WNEINE, FEAHAR, HP ., 18
B o A E SN B TR o E A 00 B BRSNS 3G R, 3 Sl s il b AN
Wit e RS A PR, HEB XA R, 25 R&D EL ORI AR =
B HE SN A8 H PRSI 208 3R e [ PSS RT 3 ARS8l 7 80 HAR” . wh[E
THRT “HRMIEZERN” , AR 2 2, KBRS R R R A X, T
RBTAEF=Z, BN T A RN . B NAMAISE R B, SR RN SERR B — M 7T 2 7-10
SEINTR], BUR RE EERR A ST B L HERI RS S AR o T B3k 2 & RN SE K 53 AT,
i 25 SEION BRI At b R 5 1 Je /D 45 5 AEISTA], BEAE WONSEER 38 I, A5 18 00 4 PR
SRIEK .

2. 1548 H xR

(1) T E 4 fE RPN 18 B b 5k

Fe o RN HAREER, 2 2020 4, AEEMEEZR, RIHZE 2010 FMiEiT
B, REAIHANAE 2010 - JEAS F 31— 1A% 11838 Jo. Ik fE R AW SCRCIRN
B—7IAF) 38218 TG, SEIIX—HAR, 2010-2020 45, 2EIR 2 J& RPN TG K
7.2%, FISERGIRNGEIE Bz . 10T B Bk A E B RPN B bR, 302 R RIS
PRI T4 A 9. 6% 9. 7%, 4> AR 4 E P 2.4, 2.5 NE . X — Bk
T, i sSEILARIE B AR, E5RE. 5T EAT 10 FIR 2 5 RN S2Frig K AH T,
2010-2020 4, TEALRAHANFIEGKELLET 10 FFR 2. 8 NE 7008, BB RA
Ky AT S E N KR 0. 3 AN E 4 . 2011 4B, 2012 4E. 2013 47 B A R A4\ sz
PRl 7. 7% 12. 3% 8. 1%, ¥ 2012 A3 FUHE A 9. TR RS, HoAth iy 4
AT PG TR o I B NI AT SRR N 2 B 43 sl 39 G 8. 3%+ 10. 4% 6. 6%, Y 2012

VB ZE A, S, HASME. HA CEREAEITER R Hx R EE B R ], Q5% 2010
(10).
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SR TG K 9. 6% L, HAMPTESR T HUIEICEE . H ATI 2 & RN K
BHE, 22020 4, TR S EREED) & EER RN H R, ESRE, R
FEA RN SEBLA G BT K. gk 1. 20 s

R 120 TEEINEEERTHERAESEBIFEEREKERE

S 1 ) A
2010 SFHRAIK | 2020 44 YL S
N o AR SEHURIEISTY
7 (o) A58 H br (o)
(%)
2 [H 5919 7.2
VNS TN - 11838
TE 4675 9.7
4 19109 7.2
W E R ARSI [ 38218
TE 15345 9.6

FRRIE: WIEERG IR TE WAL CTEIHEEEEE) AR

(2) 14 (2010—2020) T E & R 53 H b5 A 5 5030

DL E 2010 538 2 B RIS K v ZEA, 2 2020 SESEIRON A5, B 2020 4E 7 &
W E RN AT SCRCUNAE 2010 4F 15345 Julkfill FsCHlEiZ, 183 30690 76, RAER
NIERNAE 2010 4F 4675 JoAEAil ESCaiBi#, 183 9350 o, FIBRMIEHEIE, tZaltuih
it SeERPHEK, 2011—2020 4, 3 2 & RN FIAE S K8 AR 7. 2%,
FATHLNARTHE, 2011 4. 2012 4. 2013 4F, ¢ B A F4iit NAE B SEBRAr MK 7. 7%.
12. 3% 8. 1%, YJHIIE T 7. 2% BGKIH R o 3B RN I AT S C SN 4 B SR 7 Sl 386 K
8. 3% 10.4%. 6. 6%, 1X 2013 FFIGKBEAL T FU, HAFRIEKIGEE B . Wik JLE T
B 2 mRINEKERE, X— NG B A .

£1.21 +4F (2010—2020) T EELHERENGEWY B iR REFEKERE

2010 £FHRCN | 2020 SE RN | SEHLEE T
K (o) e H s Oo) BRI (%)

TE AR NN 4675 9350 7.2
T HIEE RS SCRCRON | 15345 30690 7.2
PRORIE: MRIEEZRGTRTERETAN CTEREEIE) A ErNE

(Z) TREERBAIRMZRE

1 ARSI KA S

DT AR T AR RIS RIE, AR RAIYLERNSLHLE — MG (1978
—1982 ) I 1 5 S [a], IX 5 FERAAERMRIEL LRG58 —AMEHE (1982—1988 4F)
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T 6 SERFA], 3R R AR LRI, 38 = AM5HE (1988—1994 ) WA T 6 4F
PIE], JEEORRTRAG,; SPUAMEHE (1994—2001 4F) FH T 7 4ERFIA], JEEORWIHR S, 1%
SERMERENR: B TS (2001—2008 4F) A T 7 FElF A, Bt — P m, 51
FOMERE R s 2008 —2013 AEAER 2 BOEA b, 5 4RI [A] 58 B BRI ANAE 1 94%H)
£5%5. AKK4F, SCIRRWNAG Y B bREEEOE R, SEBLpHE LR .

2. kiR RIS KA

YA S0 T I DA 7 B BN B KA, B BN m SR N SEERLEE — A
538 (1978—1985 4F) F T 7 4FERIIA], 1X 7 AR ERRAEE Lt 28 Mg (1985
—1990 ) HT 5 MHE, IR ERREE LI =AM (1990—1994 4F)
T 4 EFR], FE 1993 4F 10 H B SRHLOG . S0k B A7 (1 108 ] B2 AT 8 [ AR 28
SWRE K, HEB) T HLOSE AR A4 2 R R LR U AR ER IS K BB DU
(1994—2002 ) F 7 8 4EWT[a], XAl TEARAa e, 0010, AF36 X &
A ERAMER (2002—2008 4F) 1 7 6 4FIHE], XHAME EALAR TS Il A A
PRI B LSRR 53 48 53 8 BN O i) B, 5638 88 IR R WAL, iz B X oL
50 JAAE RPN, W HE 0 & U N A B B ZEAE ;2008 —2013 AR R B A =LAl 1, 5
(] 56 BB BN SRR A 1 84%1IAE 55 o

3. W2 JE RIS KT 25

2013 T E AR R AIIAIRN 6931 7, ST 2EF/KFR 77. 9%, b 2000 F32 5
T LAANAS R 3L 1. BIRXFESE 24 1, 5 2000 4F—2, {HEL 2007 42
FET . EFEH 124 M. X, MRS 567, 5 2000 F—5, KTFH%E. HEKEK. Y
NIl HraE, 2007 4T T —ANi. TEVEIL 5 A (XD FHEEE 2 6, fKTH7iE.

2013 4F 7 B WA JE B A SY AT STREON 21833 T, 24 T4 F347KF 1) 81%, H: 2000
PR T 2. 8 NE M. TR RN — R S 2 T B X 2R R, R4
H 31 M8 (. XD 1, 2000 4EHE 29 fi7, 2003, 2004 fEELEMEHT S ERE. S
b5 I D RN YR X R . BURD RAE M A, 20l LAESS Ty, 1R A ERIT
HH X AL VGBI TS, 2007 SEHESE S 25 A PEHE 7 A7, PEILEE 1 7. 2013 SE4k4E
HeFFHE4E S 25 fr. PEHRER 747, PEIE5 4 (XD 5 2 4.

(=) HATEIRZ E RN EHE KR

Lo AR TR A S BRSO i 28

T E ARG DFE N T, PSR B R T, BRI B R A
WANEWNMESE . 2010 FF 77 H 20%m AU AR 2 A4 NACA 1540 76,  HhA X3
KA 3135 T, AR PRI =02 — 5 20%5 M BN P IO AR B 22 25 0 58
R, B O P NS AN S AR NSO 6. 4 ff o 5 BESEILA X SP 50N
I HAR, BPE] 2020 4, KR ABANIAR] 9350 0, 2010—2020 4F, iX 20%5H KUK
AR PR RN FETF K 19. 8%, RTAEXPFHMKERE 12.6 ME2 M. B, #HiIK
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HMEFEAR K. 2010 4F 77 5 20% RIS EEAE 7 A3 R TR 5221 6, Az X3
KA 10124 76, LIREXFEKF =02 —. 5 20%5m BN WONAR B 22 25 00 55
B, B NI R BRI 1) 6 i 5 BESLELA X PRSI W B AR, BPE|
2020 4, IR R AR SCECAE] 30690 Jo, 2010—2020 4, X 20%H RIS E K
WWNFFFETRIGK 19. 3%, RTAXCPIIGKHEE 12. 1 DNE 5. AR, SIS HR .

2+ A P AR B SISO A 3G A

afi gl ;o K EE ST ) S N F LMV AE P2 28 N EAR IR 7, 1K 5B R N2 T Al
HARWE R Z 5, KA 208 HARRE, HATxX R - 4 b i mid a2z —,
HFBEWNRIE F 2 RN, LI 5 KBS 60%LL F. 2012 4, 4lifk 2k
RABANWNA 5517 Ji, FHSTAXPEKFR 89%, AHTARAM e FdEA L
AR EUSON] 83%. 85%, WAIKFHI A, 5 B S 4 XN A 38 H A, BI3) 2020
M, RERASBANIE ] 9350 o, Aol R RIRONIE K B B 2R TPk

3y F5 BN T SCAGER AR AR P SISO A5 144

HHT, B30 1 SRR RE R /N S LU R R P R P Ty 2 —, X
FBEWNAR 2 T4 XT38 7K1 78%. A5 BESLIL A X SR S A A3 H Fs, BIE] 2020 4,
RENIANILF] 9350 76, X ES AP AR RN FIREEE I SR TP 353

4, RIS S5/ NR 2 . A7k, Xk, B2 RIS 22 B 1r) B2 M g N A5 488

H AT T B XA RIS A X PR 76%, #5 BLSEILA X SPIURNAE 3 H br,
BIE| 2020 47, REABAIANILES] 9350 o, IEEE RICNIEE] 30690 7T, 2010—2020
X 2 B R ZLP T A P 0. 8 AT 3. 4 ANE 4 mis
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HE 5P HR TR 5 ShaE NS

M A K2k
CPEACARAMRIBOR A 22 B8 B2 )

WL WA P IREE R R IINGE DAL [ bR R 52k, FR T AR A 7= i 51 5 AR . 2 IR
RN AHT PR EE RS, ST, ASC 1992-2017 FR R 7GR S BRI 00, W
FEAARAR 7= i R G A A, B AR R G R RIS 1A 1Al SRR 1992-2017
WL, A i R S AR AR R E A, RS A i O R R B B R
FE i EEER AL T AW N RS, AR e S R A RPN NS EE . RO
FHE IR HAr, R EARE WA SRR AR, B E S W
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Agricultural Trade Between China and Russia:Dynamic and Prospect

Xujiapeng, Weizibai, Zhangyizhu
College of Economics and Management, Northwest A &F University
Abstract:As  Sino-Russia  cooperation keeps strengthening and international situation
changesnowadays, promoting the scale, level and efficiency of Sino-Russian agricultural trade has
become an important issue for China and Russia. Given this, through analyzing Sino-Russian
agricultural trade data from 1992 to 2017 and studying dynamic changes of Sino-Russian
agricultural trade, this paper clarifies the development potential and direction of Sino-Russian
agricultural trade. Results: from 1992 to 2017, the trade volume of Sino-Russian agricultural
products had witnessed a steady increase, and Chinese agricultural products imported from Russia
showed an overall growth trend. Chinese comparative advantage of agricultural products is in a
declining trend while Russia's is in a fluctuating process of slowly rising, falling and rapidly
rising.At present, the connection of agricultural trade between China and Russia is not close as
awhole. Furthermore, between China and Russia the similarity index of agricultural products export
is relatively high. So, there is thecompetition among the main export markets. From 1996 to 2006,
the comprehensive complementarity between Chinese agricultural export and Russian agricultural
import was higher than that of the world, and the complementarity between thesetwo countries was
relatively strong. Although the complementarity slightly declined from 2007 to 2017, it can be
predicted through comprehensive analysis that there is more cooperation and development space in
Sino-Russian agricultural trade. To promote the development of agricultural trade between China
and Russia, these two countries should make full use of their comparative advantages in resource
endowment, avoiding competitions in agricultural production, import&export and strengthen
complementation.

Keywords: China; Russia; Agricultural products; Trade; Dynamic
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1998 56.18 2005 38.17 2012 39.39
1999 57.29 2006 38.29 2013 39.22
2000 55.51 2007 34.07 2014 39.42
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2001 54.26 2008 37.28 2015 40.79
2002 46.44 2009 36.86 2016 42.44
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B

R 2 1992-2017 0 B AR 57 i 1 B P FE AL 35 40 BT

23 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Fow 0.43 0.42 0.6 0.81 0.8 0.74 0.64 0.51 0.48 0.47 0.32 0.23 0.19 0.15 0.2 0.08 0.01 0.01 0.06 0.09 0.07 0.07 0.07 0.07 0.06 0.05
FI& 1.87 1.54 1.82 1.92 1.63 1.58 1.4 1.48 1.4 1.44 1.34 1.21 1.19 1.02 0.1 0.64 0.22 1 0.51 1.1 .06 1.05 1.02 0.97 1 0.89
Fam 0.27 0.25 0.21 0.17 0.21 0.17 0.17 0.17 0.17 0.15 0.13 0.11 0.09 0.08 0.15 0.07 0.14 0.16 0.03 0.06 0.06 0.05 0.06 0.06 0.06 0.05
HHE 5.9 5.43 6.06 6.75 6.37 5.51 528 5.38 5.57 4.47 3.6 3.13 314 2.65 3.28 1.65 0.11 0.11 0.9 1.97 1.93 1.8 1.71 1.43 1.55 1.65
HoE 0.07 0.1 0.11 0.1 0.12 0.12 0.1 0.1 0.09 0.09 0.09 0.07 0.08 0.08 1.58 0.07 0 0 0.05 0.1 0.11 0.11 0.15 0.11 0.13 0.11
H1E 2.54 2.82 2.96 2.62 2.53 2.23 2.07 2,06 1.97 1.8 1.59 1.34 1.26 1.24 2.8 0.83 0.05 0.09 0.63 1.3¢ 1.04 1.03 0.99 0.98 1.14 1.17
H8E 0.56 0.7 0.58 0.58 0.54 0.47 0.42 0.41 0.38 0.34 0.35 0.34 0.33 0.29 0.15 0.25 0.03 0.03 0.16 0.35 0.38 0.37 0.34 0.37 0.4 0. 38
HF9F 1.97 1.93 107 0.97 1.21 0.91 0.8 0.8 0.84 1.01 0.9 0.79 0.84 0.66 0.18 0.37 0.11 0.12 0.22 0.39 0.37 0.44 0.41 0.4 0.54 0.46
Fl0E 1.69 1.9 1.58 0.06 0.14 0.87 1.2 0.97 1.26 0.7 0.91 1,13 0.25 0.43 0.18 0.25 1.04 1.8 0.03 0.05 0.03 0.04 0.03 0.02 0.04 0.05
FLE 0.5 0.64 0.52 0.5 0.97 0.8 0.51 0.42 0.44 0.44 0.38 0.34 032 032 639 036 057 05 019 031 029 027 025 023 0.25 0.26
HFl2® 2,22 195 251 213 171 1.15 108 1.24 1.14 1.03 0.8 0.7 0.61 0.61 0.12 0.3¢4 0.05 0.08 0.14 0.27 0.25 0.25 0.25 0.24 0.23 0.19
#13% 0.77 0.96 0.78 0.76 0.91 0.87 0.75 0.63 0.6l 0.73 0.66 0.47 0.37 0.44 3.27 0.47 0.01 0.0l 0.57 1.18 0.69 1.07 1.23 1.3 .37 141
HF14E 522 4.8 499 4.45 4.4 3.64 3.39 2.81 2,53 2.14 212 1.56 1.44 1.36 2.55 0.8 0.42 0.36 0.35 0.97 1l.12 0.94 0.95 1.01 1.14 0.96
#15% 0.3¢ 0.47 0.76 0.52 0.51 0.73 0.3¢ 0.16 0.17 0.14 0.09 0.07 0.06 0.1 .03 0.05 0.35 0.55 0.02 0.05 0.05 0.05 0.05 0.06 0.05 0.06
F16® 1.561 2.07 2,15 2.51 3.2 2.75 2.3¢4 2.69 3.18 2.99 275 2.39 2.4 2.29 0.54 1.6 0.17 0.17 0.77 1.67 1.67 1.53 1.42 1.3 1.37  1.66
F17E 2,64 2.39 0.92 0.44 0.57 0.33 0.3¢ 0.28 0.32 0.22 0.28 0.18 0.19 0.23 0.41 0.17 0.14 0.16 0.12 0.23 0.21 0.24 0.27 0.28 0.29 0.30
#18% 0.21 0.24 0.13 0.11 0.11 0.13 0.1 0.09 0.07 0.06 0.05 0.05 0.05 0.07 0.55 0.05 0.36 0.35 0.03 0.07 0.07 0.07 0.08 0.07 0.08 0.06
HF19& 0.61 0.5 0.46  0.47 0.5 0.51  0.47 0.5 0.56 0.54 0.46 0.39 0.36 0.34 0.09 0.22 0.27 0.26 0.12 0.26 0.23 0.2 0.18 0.17 0.18 0.17
F20® 1.81 1.88 1.63 1.75 1.69 1.57 1.48 1.52 1.69 1.71 1.57 1.42 1.35 1.31 0.45 1.1 0.07 0.08 0.56 1.17 1.17 1.09 0.99 0.91 0.93 0.96
HF21% 0.43 0.41 0.37 0.41 0.48 0.52 0.56 0.58 0.55 0.52 0.47 0.4 0.3¢ 0.32 0.06 0.26 0.33 0.34 0.15 0.34 0.3¢ 0.33 0.32 0.34 0.37 0.36
#2% 0.94 0.63 0.42 0.37 0.37 0.38 0.37 0.36 0.35 0.35 0.29 0.22 0.2 0.16 0.01 0.09 0.17 0.17 0.05 0.11 0.11 0.1 0.12 0.14 0.15 0.14
HF23E 1.12 0.96 0.8 0.55 0.49 0.3¢ 0.28 0.33 0.33 0.32 0.36 0.26 0.27 0.22 0.15 0.22 0.17 0.22 0.16 0.3 0.36 0.29 0.31 0.27 0.3 0. 28
#:24% 0.84 1.13 1.05 1.36 1.25 0.75 0.71 0.44 0.35 0.42 0.4 0.39 0.33 0.29 251 0.19 0.43 0.55 0.13 0.27 0.26 0.25 0.23 0.24 0.26 0.24
550 & 14.2 874 11.3 1.1 10.1 9.28 9.41 9.97 9.46 8.42 7.29 6.31 576 556 1.69 3.8 0 0 2.74 4.92 479 4.43 4.2 3.81 4.09 4.02
H51% 273 2.4 2.11 1.63 1.84 1.88 1.78 2.43 2.53 2.13 1.86 1.9 1.94 1.87 0.1 1.29 0.05 0.05 0.92 1.75 1.59 1.53 1.4 .25 1.25 1.10
528 478 4.85 3.87 3.73 3.2 2.66 2.5 3.03 2.8 2.561 2.76 2.49 2.11 2.19 0.22 1.7 0.05 0.04 1.14 2.14 2 2.14 2,09 2.08 2.2 2.10
538 9.51 6.78 5.46 4.9 5.03 4.63 4.14 4.23 4.26 3.79 3.4 2.66 2.25 2.27 1.62 1.561 0.22 0.25 1.17 2.48 2.36 2.54 2.91 2.4 2.28 2.15
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F 3 1996-2017 FEARD Wide 7= i 1) W M EL AR 34 4

B 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
E R 0.04 0.01 0.03 0.02 0.03 0.02 0.03 0.04 0.04 0 0 0 0 0.02 0 0.01 0.02 0.03 0.05 0.05 0.06 0.06
H2 0.04 0.05 0.03 0 0.01 0.01 O 0 0.02 0 0 0 0 0.01 0.0 0.0l 0.02 0.02 0.03 0.05 0.11 0.12
ERE 0.33 0.5 0.71 0.52 0.48 0.58 0.55 0.49 0.11 0.04 0.04 0.03 0.03 1 1.02 0.8 0.92 0.99 0.98 1.35 1.62 1. 48
HA 0.16 0.12 0.12 0.07 0.21 0.16 0.13 0.12 0.0l 0.01 0.02 0.02 0.02 0.16 0.06 0.05 0.13 0.12 0.12 0.14 0.17 0.14
E 0.07 0.05 0.06 0.12 0.18 0.23 0.12 0.13 0.3 0.01 0.02 0.0 0.02 0.11 0.12 0.14 0.17 0.27 0.25 0.36 0.48 0.4
#6 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0.01 0.01 0.01
BT 0.07 0.03 0.04 0.03 0.06 0.05 0.07 0.08 0.11 0.01 0.01 0.01 0.01 0.09 0.04 0.14 0.2 0.14 0.14 0.29 0.38 0.33
F 0.04 0.04 0.07 0.07 0.08 0.09 0.06 0.1 0.03 0.01 0.01 0.01 0 0.03 0.01 0.02 0.04 0.03 0.03 0.04 0.04 0.05
H9 0.09 0.08 0.05 0.04 0.03 0.04 0.03 0.05 0.06 0.0l 0.01 0.0l 0.02 0.12 0.08 0.06 0.1 0.13 0.11 0.13 0.19 0.16
F10% 0.15 0.34 0.33 0.13 0.18 0.49 1.67 1.59 0.02 0.1 0.11 0.23 0.19 1.8 1.08 1.32 1.78 1.37 2.19 2.55 3.43 3.52
F1lE  0.34 0.22 0.24 0.31 0.47 0.46 0.23 0.48 0.03 0.02 0.03 0.05 0.1 0.55 0.22 0.61 0.29 0.3 0.35 0.68 0.79 0.65
F12# 123 0.72 0.9 0.29 0.62 0.17 0.08 0.17 0.05 0.01 0.0l 0.01 0.0l 0.08 0.05 0.09 0.15 0.12 0.14 0.21 0.32 0.29
F13F  0.02 0 0.01 0.01 0.02 0.01 O 0.02 0.03 0 0 0 0 0.01 0.0 0.0l 0.01 0.02 0.03 0.04 0.07 0.07
FlAE 0 0 0 0 0.01 0.02 0.0 0.01 0.13 0 0.03 0.04 0.05 0.36 0.27 0.36 0.62 0.51 0.52 0.61 0.64 0.31
F153 0.1 0.09 0.08 0.08 0.27 0.2 0.14 0.13 0 0.02 0.04 0.04 0.06 0.55 0.32 0.34 0.73 0.79 0.8 1.04 1.45 1.26
F16% 0.23 0.24 0.17 0.23 0.27 0.29 0.2 0.14 0.21 0.02 0.02 0.02 0.03 0.17 0.08 0.07 0.13 0.15 0.13 0.13 0.17 0.20
F17%  0.45 0.23 0.21 0.27 0.28 0.24 0.29 0.19 0.0l 0.0l 0.02 0.02 0.02 0.16 0.08 0.13 0.18 0.19 0.21 0.21 0.31 0.52
¥ 18% 0.22 0.26 0.22 0.19 0.29 0.31 0.31 0.31 0 0.03 0.04 0.04 0.05 0.35 0.26 0.26 0.44 0.54 0.52 0.47 0.64 0.58
19% 0.06 0.06 0.09 0.13 0.14 0.15 0.16 0.21 0.03 0.02 0.03 0.03 0.04 0.26 0.15 0.14 0.26 0.32 0.34 0.38 0.43 0.37
¥20% 0.06 0.04 0.03 0.04 0.03 0.04 0.04 0.05 0.12 0.0l 0.0l 0.0l 0.0l 0.08 0.04 0.04 0.1 0.14 0.16 0.19 0.21 0.20
ZF21%  0.09 0.19 0.13 0.09 0.17 0.21 0.2 0.28 0.03 0.03 0.03 0.03 0.05 0.34 0.19 0.18 0.29 0.34 0.34 0.38 0.42 0.43
F22% 0.45 0.28 0.12 0.1 0.11 0.12 0.16 0.16 0.02 0.01 0.02 0.02 0.03 0.17 0.13 0.12 0.17 0.18 0.18 0.19 0.23 0.20
Z/23% 0.03 0.05 0.08 0.06 0.08 0.1 0.07 0.13 0.02 0.0l 0.01 0.02 0.03 0.22 0.21 0.22 0.39 0.46 0.56 0.64 0.76 0.58
#24% 0.04 0.03 0.0l 0.0l 0.06 0.13 0.19 0.28 0.03 0.04 0.04 0.04 0.06 0.55 0.36 0.36 0.54 0.58 0.68 0.92 0.96 0.72
50 0.04 0.0l 0.0l 0 0 0 0 0 0.66 0 0 0 0 0 0 0 0 0 0 0 0 0
51 0.22 0.28 0.26 0.13 0.13 0.1 0.16 0.15 0.25 0.0l 0.01 0.0l 0.01 0.05 0.05 0.04 0.05 0.08 0.08 0.13 0.1 0.09
52 0.27 0.26 0.27 0.23 0.26 0.25 0.23 0.19 0.26 0.0l 0.0l 0.01 0.0l 0.04 0.03 0.02 0.03 0.03 0.04 0.04 0.05 0.06
Z53%  0.41 0.41 0.87 1.64 1.15 1.15 1.28 1.28 0.3 0.12 0.1 0.05 0.03 0.25 0.16 0.15 0.19 0.15 0.1 0.11 0.15 0.1
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11 1996 4F 2 2017 4Frp [ H 5548 B 3 014 7= il 160 20 2001 57 5 ELARMEEFiR 2L

25 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
F1% 020 029 028 029 025 026 021 020 0.00 000 0.01 000 001 061 028 042 041 025 014 021 0.18 0.12
¥Fo2® 303 386 391 292 233 291 246 138 001 001 0.01 000 001 054 039 027 02 022 019 016 0.10 0.08
FI3F 1.03 110 086 085 0.8 107 138 139 002 002 000 001 002 210 1.72 157 153 175 156 120 1.18 0.97
¥F4% 029 032 032 028 029 029 027 025 000 000 0.00 000 000 0.11 011 009 0.13 0.14 012 0.14 0.16 0.11
FE5% 371 211 303 809 6.19 363 300 262 002 002 0.03 001 002 28 227 178 137 1.00 076 083 0.77 091
¥$6% 0.04 006 008 005 0.09 012 0.12 0.09 0.00 000 0.04 0.00 000 035 030 027 031 027 037 038 033 022
ETE 346 353 416 641 579 240 240 264 0.02 002 0.07 0.02 004 3.09 330 387 253 271 29 253 199 2.18
EeE 144 128 125 110 161 116 126 134 001 001 001 001 002 208 161 148 155 145 117 129 128 1.23
Fo&E 1.8 134 198 320 281 3.02 291 235 001 001 000 0.01 001 109 075 055 057 075 072 095 131 092
#F10& 0.18 1.05 1.00 335 391 068 058 0.80 000 000 0.00 000 000 0.02 001 001 001 0.01 001 001 0.0l 0.01
F11E 371 213 168 222 250 204 167 126 001 000 0.06 000 001 020 019 018 0.16 0.15 015 0.13 0.17 0.15
F12& 072 049 059 155 1.02 063 061 040 000 000 0.00 000 001 040 028 022 0.17 020 030 037 037 025
F13& 073 08 079 105 136 1.78 158 1.05 000 001 0.05 001 003 240 171 132 049 1.05 152 279 323 293
F14E 832 347 199 462 413 346 191 090 001 001 0.01 000 001 036 015 014 029 020 024 033 0.55 0.36
F15& 075 142 074 071 063 052 030 0.17 000 0.00 0.01 000 000 0.06 005 004 0.03 004 004 0.06 0.06 005
F1e&E 835 6.62 542 324 360 38 3.04 213 001 002 0.00 001 002 097 08 09 128 130 129 092 1.01 146
FB171TE 377 202 346 452 379 266 235 137 001 001 0.02 0.0l 001 045 052 054 0.16 0.19 031 038 027 0.20
F18& 021 025 023 024 023 017 0.19 0.17 0.00 000 0.01 0.00 000 0.10 0.12 014 0.12 0.14 015 0.14 0.15 0.11
F19& 1.15 115 104 039 055 054 041 036 000 000 0.00 000 000 023 021 021 022 022 022 018 0.16 0.15
¥F20&% 311 311 341 284 382 407 430 363 003 003 0.01 003 005 245 211 184 184 170 1.69 152 145 1.39
Fo21&E 111 163 215 173 167 173 147 134 001 001 0.00 001 001 0.69 064 060 056 056 055 054 056 053
#Fo22%& 087 084 101 056 075 076 061 052 000 000 0.00 000 000 020 019 017 0.19 0.18 020 021 022 023
$23% 025 022 030 069 047 047 061 044 000 000 0.00 000 001 053 038 031 034 030 032 031 030 025
FoaFdE 242 262 436 290 221 213 199 175 0.01 001 0.09 0.0l 001 079 064 052 044 044 040 060 0.67 042
#F50%&F 1.8 1.08 299 796 569 09 058 0.19 001 001 0.00 0.00 000 066 034 066 211 0.76 247 045 0.64 0.57
¥F51F 046 045 074 152 1.63 1.08 089 060 001 000 0.00 000 000 030 023 019 035 022 015 017 0.16 0.21
#F52& 3.04 287 244 686 7.66 465 328 245 003 002 0.00 001 002 203 121 122 1.04 1.03 111 142 184 1.51
#53& 1.61 1.11 208 644 727 568 1.63 3.00 006 002 0.02 001 002 129 111 127 213 190 224 188 218 1.81
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12 1996 4F & 2017 SEARE H -5 o B 3 014 7= i 16 20 2000 57 5 ELRMEE TR 4L

25 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
#$1% 0.01 000 001 0.00 0.00 000 000 0.01 000 000 0.00 000 000 0.00 000 000 0.00 0.00 002 001 0.0l 0.01
2% 0.01 0.0! 000 000 0.00 000 000 0.00 000 000 0.00 0.00 000 000 0.00 000 001 0.01 00l 003 0.09 0.08
#$£3% 020 029 050 041 040 047 044 035 0.00 000 0.00 0.00 000 0.63 060 053 053 056 056 084 1.08 0.99
¥$4% 0.01 0.0l 001 001 0.05 003 003 0.02 000 000 0.00 000 000 0.03 0.02 002 005 0.07 008 006 0.08 0.07
5% 0.07 006 006 0.14 023 030 014 0.13 000 000 0.00 0.00 000 0.06 0.07 007 008 0.12 011 019 029 0.21
#$6% 0.00 0.00 000 0.00 0.00 000 000 0.00 000 000 0.00 000 000 0.00 000 000 0.00 0.00 000 000 0.00 0.00
7% 0.01 0.00 001 000 0.01 001 001 0.01 000 000 0.00 000 000 002 0.0l 004 008 0.05 005 011 0.10 0.08
¥8% 0.01 0.01 002 002 003 003 002 0.02 000 000 0.00 000 000 0.01 000 001 0.02 0.0 002 0.02 0.02 0.03
9% 0.01 0.00 000 0.00 0.00 000 0.00 0.00 000 000 0.00 000 000 0.00 000 000 001 0.01 001 001 0.03 0.01
#F10& 030 029 024 007 0.09 022 049 033 000 000 0.00 000 000 025 021 024 0.69 054 106 221 213 205
¥11% 012 008 008 0.5 0.16 017 0.08 0.17 000 000 0.00 000 000 0.15 008 019 0.09 0.12 016 035 041 035
#F12& 089 121 229 08 273 069 022 064 000 000 0.00 0.00 001 036 020 035 060 049 060 093 139 1.16
#F13& 0.01 0.00 000 0.00 0.0l 000 000 0.01 000 000 0.00 0.00 000 0.00 0.00 000 000 0.00 001 001 0.02 0.02
¥14% 0.00 001 002 001 005 006 003 0.02 000 000 0.01 001 001 069 066 110 165 1.13 1.14 132 1.63 049
#F15& 025 021 017 0.14 040 020 020 022 000 000 0.00 0.01 002 0.8 039 037 038 0.8 080 093 121 094
#F16& 0.00 0.0l 000 0.01 0.0l 001 001 0.00 000 000 0.00 000 000 0.00 000 000 001 0.01 001 001 0.0l 0.01
®17% 039 013 009 0.12 0.10 014 0.11 0.04 000 000 0.00 000 000 0.03 002 005 0.09 009 008 0.11 0.10 0.15
#F18& 0.03 0.05 004 003 0.05 005 004 0.04 000 000 0.00 0.00 000 0.03 0.03 004 006 0.08 009 009 0.10 0.08
#F19%& 0.00 0.00 000 0.01 0.02 002 003 0.02 000 000 0.00 0.00 000 0.07 0.04 004 009 0.12 013 022 029 027
¥20% 0.00 0.00 000 0.00 0.00 000 0.00 0.00 000 000 0.00 000 000 0.01 000 000 0.01 0.0l 002 0.03 0.03 003
F21& 0.02 0.04 002 002 0.04 005 004 0.07 000 000 0.00 0.00 000 0.05 003 003 005 0.06 007 010 0.14 0.14
o2& 0.02 0.02 001 001 0.01 001 001 0.01 000 000 0.00 000 000 0.03 003 003 005 0.05 005 008 0.10 0.09
¥23% 0.06 015 022 007 0.I11 007 006 0.06 000 000 0.00 000 000 0.09 013 011 0.16 020 026 038 034 025
#F24%&F 0.03 0.0l 000 0.00 0.0l 004 005 0.07 000 000 0.00 000 000 0.17 0.09 011 0.16 0.18 030 042 042 0.29
#50%& 0.08 0.03 003 0.00 0.00 000 000 0.00 000 000 0.00 000 000 0.00 000 000 0.00 0.00 000 000 0.00 0.00
¥F51% 082 1.08 093 049 057 040 056 039 000 000 0.00 0.00 000 0.12 0.1 009 014 0.19 019 033 025 022
#Fs52& 1.05 1.05 080 059 062 056 047 038 001 000 0.00 0.00 000 0.08 0.06 005 009 0.08 007 007 0.08 0.08
#53& 099 149 300 424 285 280 321 298 004 003 0.03 001 001 044 025 027 028 023 021 019 035 020
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Optimal Planning of EV Charging Stations Considering

Environmental Benefit
Huaping Hu”  Ying Chen®™ Lie Ju™ Liwen Deng

(Northwest A & F University)

Abstract: With the development of renewable energy technique, electric vehicle (EV)
has potential to solve global warming problem which is caused by CO,. In China, in
order to extent the EV industry, it is very crucial to construct the high-efficient fast
charging station. The environmental factor is most important in the future city planning,
which can be measured by carbon emission. In this paper, a Multi-Objective
Programming (MOP) model based on cost minimization is established to solve the
charging station location problems. The minimal number of stations can be determined
by solving the least circular covering rectangle problem. The rasterization method and
the genetic algorithm is introduced to calculate the shortest path of charging. In the end
of this paper, the result of minimum costs and the distribution of charging stations in the
map will be given out. This design can maximize the overall benefits of charging station
enterprises as well as accordant with green urban concepts, which is reference to the

future work of city charging station planning.

Key words: Charging station location, genetic algorithm, carbon emission

1. Introduction

In the background of global warming and energy exhaustion, electric vehicle (EV)

becomes the focuses approach to solve the two problems. Some researches show that
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the charging station configuration ranks third among all the concerns of users, next to
the price and life of battery and the mileage per charge. In China, by the end of 2017,
the total number of EVs had reached 1.8 million, and the number of charging points had
only reached 450,000, which means that there are 8 EVs waiting for one charger.
According to Energy-Saving and New Energy Vehicle Development Plan (2011-2020),
by 2020, the number of EVs would reach to 5 million. The charging station planning has
become the problems that brook no delay. Economic affordability and environmental
problems are the main factors that contributes to development of EV[1] .The
energy-saving function of EV has been analyzed by several research. The benefit
analysis of energy conservation and reduction emission of electric vehicle and
conventional vehicle has been calculated by Zhang. It has been introduced that with the
increasing use of clean energy, the energy-saving function will be more obvious [2] .

With the increasing of the quantity of EVs, establishing several supporting
infrastructures quickly is crucial to the popularization and commercialization of EV
industry[3]. It is vital to find a suitable business model of charging station in any
country. For example, in China, the government-supported enterprise predominance
business model is most reasonable, which means the private enterprise should play a
most important role in charging station planning[4]. According to the study of [5]
Sadeghi-Barzani, fast charging station that can make EVs charge in 20 minutes has
good foreground. Economic and geographic information are used to build a
Mixed-Integer Non-Linear (MINLP) optimization model, and it is solved by using
genetic algorithm technique, finally the place and size of the charging stations can be
determined. In this paper, the fast charging station funded by private enterprise will be
discussed. But it also exists many problems, one of which is how to determine the
position of charging station in the city. Fuzzy AHP method is used to prove that
determining and evaluating the location is the key of charging station planning, and the
effective factors consists of nature factors, management environment, public facilities

and economic factors[6]. Moreover, the result of a fuzzy TOPSIS method shows that the
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social and environmental criteria should be paid more attention in the location
system[7]. Based on Pareto optimum theory, benefit maximization model can be built
up. Zhao [3] designed a model to forecast the position and the number of charging
station according to the number of EVs, which is not limited by space and time. Zhang’s
model[8] composes of construction costs, equipment costs, and running costs including
power supply loss etc. And quantum PSO algorithm is adopted in this paper. Despite the
environmental factor is crucial, currently the researches from the perspective of
low-carbon is very few. A reasonable station planning can minimize the extra carbon
emission caused by the additional routes of EV charging[9], which is accordant with
low-carbon environmental protection concepts of city planning. Cheng[10] established a
multi-objective location model which is based on maximize revenue and the low-carbon
benefit has been considered. Due to the carbon credits can be traded in the market,
carbon emission can be transformed into economic benefit. In addition, carbon emission
is related to the driving distance of EV users and the station should be located near
electric substations to reduce the electric loss[11], so the location problem can be
defined as a smallest distance problem.

Many researches show that genetic algorithm (GA) is suited for solve MOP problem,
especially those high-dimension stochastic problems with nonlinearities or
discontinuities, due to its fine global search capability [12]. But GA has weak local
searching ability and is apt to premature stagnate. There are a few improved algorithms
such as Non-Dominated Sorted Genetic Algorithm-I[(NSGA-II) [13] can overcome
those shortcomings, those methods have been developed quickly and applied widely. In
the case of selection for thermal power plant[14], the map is divided into several
rectangular cells by GIS, and NSGA-II has been used to find a practical location plan.

In this paper, economic costs and environmental factors are included, and a
Multi-Objective Programing (MOP) model is established. It should be noticed that the
environment is the major concern in our research. Taking Beijing city as an example,

there will be 400,000 EVs in Beijing by 2020. In order to meet their charging needs in
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2020, to reduce the carbon emission and to get the most profit, this paper strives to find
the minimum number of charging stations that can cover all demand point in the map.
Beijing city is converted to a grid map data, and the obstacles (mountain, lake, scenic
spot, etc.) are identified and is screened out. Genetic algorithm is used to solve this
problem and the coordinates of points are coded into binary bit string to avoid
premature convergence. Moreover, the key of this algorithm is to determine the Initial
Population. The traffic flow is often used as a controlled variable in many studies, but in
this paper, it is considered to optimize the randomly generated initial population. This is
also an important part of our work, and the detail will be given in 3.7. In the end of this

paper, the result of overall benefits and station distribution are given out.

2. Nomenclature and Models

The overall benefit consists of economic benefit, social benefit and environmental
benefit. According to H Cheng[10], the social benefit can be transformed into economic
benefit, therefore, only economic costs and carbon emission costs should be considered
in the benefit system of the charging station. On one hand, the economic benefit
depends on construction cost and operation cost. On the other hand, it is assumed that
all the distance between demand point and charging station can result in extra cost. A
proper charging station planning can shorten the extra driving distance and reduce the
extra carbon emission, then the environmental benefit can be maximized. Those carbon
dioxide emission which are caused by extra electric use can be transformed into
economic cost. On this basis, a complex location problem can be simplified as a
multi-objective optimal problem and an overall benefit model should be built. Table 1

highlights all the agent variables used in this model.

Table 1. Nomenclature

Nomenclature

Ceon Construction cost $
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(pchrg

Elkm

Rate of return on investment

Land cost

Fixed cost

Unit land cost of the i th charging station

Site area of the i th charging station

Ratio of the cost of equipment maintenance to the income
of the charging station

Rate of line loss

Annual profit of the i th charging station

Annual charge times of per EV

Depreciation year

Charging cost on a single charge

Maximum driving range of EV on a single charge
The number of EV in a service area

The number of charging station which are selected
Carbon costs

Average emission factors of CO,

Euclidean distance between demand point to charging
station

Price of carbon

Emission factors of CO, in Beijing

Charge efficiency

Electric energy required for an EV for one thousand meters
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C The number of raster data

2.1 Economic Benefit Model

The income of charging station depends on the requirements of charging in the service
range. It assumes that the service range of each charging station are same, the charging
income is a constant. In order to maximize the economic benefit, the economic cost
should be minimized. The total economic cost includes construction cost and operation
cost.

1) The annual construction cost consists of land cost and infrastructure investment.

r(1+n)f
Ceon = a+0T i=1(Cland + Cfixed) (1)

In which Cfiyeq is the infrastructure investment; Cq,q is land cost, which can be
calculated as:
Cland = 1i - S; (2)
2) The annual operation cost is proportional to the annual income:
Cope = Xiz1(a-Q +B-Qp) (3)
For station 1, the charging income @, is calculated as:
Q=k-p-N; (4)
The power using cost @, is calculated as:
Q:=k-'po-q (5)
In which pg is the price of local electricity; p is charging cost of an EV driver on a

single charge; q is electric quantity using of each EV on a single charge.

2.2 Environmental Benefit Model

The CO, emission reduction is the most important part of environmental benefit. For
EVs, a proper charging station planning not only can meet all the charging demands in
the service range, but also can reduce the carbon emission to the utmost extent. The

carbon emission depends on the distance between demand point and station point as

well as the power network loss. It is assumed that all the demand points are fixed, then
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EVs can follow a certain trajectory to reach to the closest station. Under these
conditions, power can be optimally distributed, and the network loss will be the lowest.

The objective function is established as:

Ccoz = €coz 2%1=1Z]rr=11 dnm * Peoz (6)
In which d,,, is the Euclidean Distance between demand point and charging

station; e.,, is carbon emission factor, which is calculated as:

__ €elec*E1km ( 7 )

In which e, is the provincial carbon dioxide emission factor. It depends on the
energy generation mix for city, in locations where electric power is primarily generated

by renewable energy, the e, is lower.
2.3 Constraints

Fig. 1 demonstrates that every demand point within the urban plan areas should be
covered by the service range of all charging stations, which can be considered as the
MCO (Minimum Coverage Overlap) Algorithm. Meanwhile, based on the economic
benefit model, the total cost is directly proportional to the number of charging station.
Therefore, it is vital that the least charging stations should be designed to meet the needs
of all EVs. The radius of the circle (the service range of charging station) and the area of
the rectangle (the area of rasterization map) are known, the minimum number of

charging stations can be determined.
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Fig. 1 . Constraints schematic diagram

1) Euclidean distance from demand point to charging station should be less than the
maximum driving range of EV on a single charge.
dij <R (8)
2) The number of chosen charging station should be less than the number of raster
data.

n<c (9)

3. Genetic Algorithm

Genetic algorithm (GA) is an adaptive searching technique based on a selection and
reproduction mechanism found in the natural evolution process, which was introduced
by Professor J.Holland of Michigan University in 1975.[12] Fonseca proposed that GA
has several advantages to solve nonlinear and discontinuous high-dimension stochastic
problems, in addition, some other research show that GA is suitable for settling
multi-objective optimization problems (MOP) .

The charging station location problem has been simplified by a MOP problem. Our
model includes economic benefit and environmental benefit. The charging station cost
should be minimized in economic model, it relates to land price and the number of
charging station. In environmental model, carbon emission depends on the position of
charging station and the distance of demand point. It is obvious that the more stations,
the higher the cost. And the route of charging will be shortened, and the extra carbon
emission is simultaneously reduced. In order to precisely determine the optimal solution
of position and the number of station, GA is selected. The algorithm flowchart Fig. is
given below. It is noticed that the coordinates (x , y) are encoded in this paper, which

avoids the GA’s premature convergence.
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Generation = 1
GenerationMax = 100

v

An individual is composed of
coordinates of N selected

Random generation of initial parent group
consists of 50 individuals

Fitness calculation

Record the best individual

!

‘ Generation=Generation+1 ‘

Y
Generation<GenerationMax+1

N

Qutput the optimal solution
and the code of individual

Fig. 2. Flow chart of genetic algorithm
3.1 Algorithm Design
3.1.1 Code Design

Base on Python 3.6, the PIL package is used to get a grip map of Beijing. Then putting

it on the axis, the coordinates of demand points will be obtained. It is assumed that x is

abscissa, y is ordinate, in this mxn grid. According to the rule of binary code, x as well

as y is represented to binary encoding of k length, x,y € (L, M), there are 2K different

coding:
Table. 2. Binary encode
Binary Decimal X
000000000000000000 0 L
000000000000000001 1 L+b
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000000000000000010 2 L+2b
000000000000000011 3 L+3b

ITIII111111111 2k—1 M

In which M =L+ (2K—1)b, b= % The precision of x depends on k, suppose that

the precision of x and y is the 4 bits after the decimal point, k can be calculated by:
2k 1< (M-L)-10* < 2k -1 (10 )
In this paper, a chromosome individual is composed of binary string of i charging

station position:

X4 V1 X5 V2 chromosome
001011 100100 110011 010010 001011100100110011010010
3..1.2 Decode

The binary code should be restored into the position coordinates. Assume that x,y €

(L, M), the length of binary string is k, the binary code is:
agag-1ak—2 ** A3d2a1 bgby_1bk_7 -~ b3byby (11)

Then the decoding formulas is presented:

i—_1 M—-L

x=L+3¥ a2 5= (12)
i1 M-L

y=L+XL b2 5— (13)

3.1.3 Copulation

In case of keeping individual diversity, a locus is selected randomly to act as an actual

crossing site and to partially exchange chromosomes of the parent.

[1]o]1]ofof1] v [1]0[1]2]1]0]

l

lo|1]of2]2]o| mossssmd |0|1]0]0]0]1]
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3.1.4 Mutation

In order to avoid the local convergence of GA, a mutation gene is selected randomly

from the chromosome, and it results in the conversion of binary code 1 into 2.
0(0f1|1]0(0 1/0(1]1]0

0Oj1j011(11 0(1]0]0(1|1

3.1.5 Fitness Evaluation

The selection of best fitness individual who meet constraint condition should be
continue to optimize process. In this paper, the overall benefit function is viewed as an

evaluation function of individual fitness.
3.1.6 Reproduction

According to the roulette wheel selection method, N is the number of individual in
population, f; is the individual fitness, p is the probability of reproduction which is

calculated as:

pi= (14)

k
1

ﬁ'MZ

Reproduced chromosomes are determined by random numbers which are generated by
computer and are uniform distribution between 0 and 1. The best fitness individual is
more likely to be selected, and its gene can spread in the population. Meanwhile, those

individuals with small reproducing chances will be wiped out.
3.2 Algorithm Optimization

It is vital to determine the number of initial populations. Some researches selected the
point suitable for establishing the charging station subjectively, but this paper may
provide a new method. First, according to the traffic flow and pedestrian flow, the
object area can be divided into several business center as the figure. 3 shows.

Second, the MCO (Minimum Coverage Overlap) Algorithm[15] is used to find out the
suitable number of initial. This algorithm is proposed to improve coverage of randomly

deployed wireless sensor networks, but it is also feasible for determining the minimum
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value. As shown in the figure. 4, the algorithm is described as follows:
The algorithm is described as follows:

(1) Determine the coordinate and node number of each charging station node, and
construct a set of neighbor nodes according to other charging station nodes;

(2) For each neighbor node, the coverage sector between the node and each neighbor
node is calculated according to the service radius and distance of the charging
station.

(3) According to the distribution of overlapping sectors, the circumferential coverage

of nodes is determined.

(4) Nodes move along the direction with the smallest overlap factor.

(5) The node moves a distance, and then repeats the above process.

Ultimately, the circle with radius of service range of charging station covers the whole
rectangular area.

In actual application, GA will fall into premature convergence due to the decrease of
population diversity. In order to prevent premature and guarantee convergence, in this
paper, a suitable population is selected as 50, and the multi-point crossing operator is
adopted. Moreover, in order to prevent some individuals with poor fitness to lose at the
beginning, the fitness function should be changed by finding the D-value between the
fitness and the average fitness. The fitness is improved due to a constant is added in a

linear way so that they can be retained.

— ®
| pe T
| | >
| ®
Fig. 3. Business center Fig. 4. MCO Algorithm

4. Example and Result
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Taking Beijing for example, according to The Energy Saving and Consumption
Reduction and Climate Change Plan for Beijing during the 13th five-year, the electric
car ownership will increase rapidly by 2020. It is urgent to propose a reasonable plan for
charging station location. Moreover, there are many recognizable and intensive business

centers in Third Ring Road of Beijing. As Fig.5 shows, using Python 3.6 PIL package to

divide the site into several 3 km x 3 km units and screens out obstacle area in which

cannot build charging stations. According to the traffic flow datasets from official
website, Third Ring Road area can be divided into many sectors which are centered on
point of density. So that in sectors with larger traffic flows, there are also more demand
points for distribution. All value measured in US dollars at current market exchange

rates.

= of._‘;'il‘l'x'-i"' iyl ' /
Fig. 5. Rasterization Map of Third Ring Road in Beijing

In the objective function 1, due to the selection of the 4™ stage charging station which

can accommodate 8 chargers[8], the value of reference parameter is determined as:

Crixea = 313 433,$; r=12%;S; = 165, mi. And our design of the 4™ stage charging

station has given in Fig.7. Different districts have different land price in Beijing, so the

land cost of charging station depends on the district in which it is located. In a certain
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area, an EV needs to charge 109 times a year, and the price of each charging is 11
dollars. There are 60 EVs charge in a certain station every day, so N; = 60.[8]a =
15%; B = 8%.

In the objective function 2, according to the prediction results, the range of carbon price

in 2020 is 0.014$~0.0283$[16], in this paper, P.,, = 0.021$. The emission factors of

CO, is 0.8292 (kg/kwh)[17] in Beijing. In common situation, @cp.q=75%[18], an EV
running lkm needs 0.25 kwh power consumption and it can run 30 km on a single
charge[10].

Assume that demand points are randomly generated on the map, on this basis, it
compiled the optimal program with MATLAB 2017a and executed GA with examples,
the result is shown in Table.3. In the best case, The Third Ring Road in Beijing needs 15

4™ stage fast charging station which can cover all demand and get the minimum cost.

Table. 3. Result

C_con/$ C_ope /$ C_CO2/% Total
Optimal 561248.68 230927.4 465.0295 792641.12
Other 604846.02 230927.4 500.0764 836273.49
Position
Difference 43597.33 0 35.05 43632.38

The distribution of 15 fast charging station in the map is shown in Fig. 6. According to
our calculation, this group of charging station is the optimal results. As the Table 3
shows, the difference is not so obvious. Nevertheless, our result only concludes the area
of Third Ring Road in Beijing, with the widening of the target zone, the differences will
become more and more apparent. Based on estimates, by 2020, Beijing has a gap of
charging station to the market of about 300, the differences between optimal results and

other solution will reach hundreds of millions of scales.
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Fig. 6. Distribution of charging station

Fig. 7. Design of 4th stage charging station

5. Conclusion and Future Work

This paper has presented a new approach for charging station location based on
environmental concern. In this system, carbon emission is considered as environmental
factors which can be transformed into economic value by carbon price. It is related to

route of EV running, in order to obtain the data, Euclidean Distance Method should be
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introduced. In the case of Beijing, the coordinates are encoded into binary string, GA
and MCO is used to precisely calculate that there are 15 charging station on the Third
Ring Road in Beijing by 2020, and the overall minimum cost is given out. But there are
still two shortcomings of our study. One is that the land price data of every point is hard
to get, our research based on the county-level administrative regionalization to
determine the land costs. The other is that the distance between demand point and
station should be calculated by the actual route of EV charging. In this paper, Euclidean
distance between two points is used to simplify the algorithm. In future work, better
data should be collected to obtain more accurate results.

This result shows that the value of carbon costs is greatly larger than economic costs,
which means the environmental factors should be paid more attention in the future study.

It also can be a practical reference for future urban planning.
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Thb, @UZONTIE, va by X —IZLDWHBOBERDONSREE (2 y X —F
Z M) RdDH3, ThE 1990 FRUICHEE A L (Znliain bREE T2 HE/MIEH
S72), ENHOFEE, 1990 AR LMD B A TIL, BEEEWALERTE EOBUR EER O ETLL— v
Ok, BN IND & &bz, ABE Y YA 7 EOHIEDEmOEA T,
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BEIRGEOHEKRICE Y | BWHEREKR L, BEHEY Yo 7 VG0 sn b7, frl il
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— I CHERFEER L., FHELBA T 0D, PHHERGE~OBESIIXEEN TH
ofz, BLAHWEITHA TR RDZEELE LI E LT, 1960 FRi%ICITREIC#
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SO o SERRN]: BRI A DT E L S E 2 W 95 SO TR 00 NAEBRD 7 KT, 58
IR AR “ BIRAEDT” 5 CNFIRE” JKF, BEIMTE N FH KR B 25 51K
(KR A P ST BT Bam ik S R S e 2 1 95 TR A8 TR AR 1) PR 7
“HIEAET 5 CAFBNE” KF, B N AR BRI 4 SUIORT & S
B s AHELZEBF YRR S oI, Ak o 2 S s /N RAR B KA Bt VR BRSO 5 B9
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How Users’ Heterogeneity Affects Self-governance Performance of Common-pool
Resources: An Empirical Analysis of Small Hydraulic Facilities in Yellow River Area

Zhu Yuchun
(Northwest A&F University, College of Economics & Management, Yangling, Shaanxi,
7121000

Abstract: Based on the Institutional Analysis and Development (IAD) framework, this
paper explores the interrelations between users’ heterogeneity and self-governance performance
of common-pool resources from the micro-evidence of small hydraulic facilities in Yellow River
area. By using a Bayesian Network model, we found that high economic heterogeneity will
weaken the “intrinsic motivation” and enhance the “self-abilities” and “cognition standards” of
resource users, which will reduce the supply performance and increase the occupancy
performance. And high social heterogeneity will weaken the “internal incentive”, “self-ability”
and “cognition standard” of resource users. On the whole, social heterogeneity has a stronger
influence on self-governance performance of common pool resources than economic
heterogeneity.

Key words: heterogeneity; common-pool resources; self-governance; performance; small
hydraulic facilities

—. 51 F 53R ]
“Common Pool Resources” 7&—NSE R “AiE HIAIR” BRIFARZH, 2
Wi DURG G A5 EIRFE « BAFEP  (Elinor Ostrom) AR R BIF A, 22
AATVE RSB ) — W A 4 . [ %58 “ Common Pool Resources” HIEH1F, EF 1 (2000)
TECA LRSS HIR B T8 ) T SO P v AT i PR AR, 8 e “ A b IE 51 IR,
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T BA 5 PR AE SOHE DA ) — 2R 5t o TG00 B 2 AR T UL R, LR T i 2 4
NHIAFLFEYH W R /b2 NIREHIEY), AFIBIE SR “ARHdr:” 0 “SE R 1)
PERFAEAEAS “ A HUEE” ILRAF N T — FhaEH AR T, 12 et 5 53 5 1R A A7 4
IAENA IR RN R K ARG (Olson, 1971; Hardin, 1968; Sandler,
1992).

EAEME I 2 F, Ophuls (1973). Hardin (1978). Carruthers & Stoner (1981)
FHARSE R DL R AEIE ™ 33X Fof ] S 40 B 458 1 J7 SR A L 3% B 2E 1T VR 3, Johnson
(1972). Demsetz (1967). Smith (1981) W4 5 i) SEATFAA 7™ AL FEE SR DR b 2 2k it
PERURHIAFLE . ARMILSE A, “EHK” 5 “Witn” 85I B g o “ 2
AR e, Sl AL, AR “ExR” XAF “Tiy” WUTE, SEI T AR
AFMIEGRE . R E ST TRER SR, 2O, JFEm 1S b il
L, TERC T GBI M 5 K 8 (TAD) HEZE DL St 2 4245 R 48 (SES) HESE (V. Ostrom,
1975; Ostrom, 1986, 2005; Kiser & Ostrom, 2000, ALy GG HR AL 7 —Fh A
ik 5N E % . TAD A1 SES HEZRFEPRE 7 A IE S5 B F a3 m — o, NE TR
PSR R IR 7 A RIS S . ARG — AR AN ERE S — 1IN, TAD
A1 SES HEZEA A . AR E kAR B 5 AL IE IR B 16 BRI R BAR R R A
Frit— B HIZH0, M5B RZ ARV U Horb, BRIEAE 2 1 e Bt 5 A St i 5%
I8 8 EIR HEEC [8] 2R R S AT EUR U — N8 (Olson, 1971; Hardin,
1982; Oliver et al., 1985; Fearon and Laitin, 1996; Poteete and Ostrom, 2004; Nagendra,
201D, A ERME LRI R R R T ASE I AL

SO RO D9 YRS 2 e BV, A R A SRR BEUR TR BB 5 S B
(Fearon and Laitin, 1996), HFZAKIEAE T BLIRATHE =i tEdk/)y, 9816 8 Ve 4
SRR RGBT, FHURAE 1R A8 BLRIR Z REAT RN, B 36 B A HAE 2 BOA Bk
ANy B RO RO D BT R TR, A RO A SR T R SRR B 32 IR BB S S
(Olson, 1971; Hardin, 1982; Oliveretal., 1985), HETUKIEAE T FHTEGRAI VIR
R FRAR T 5= 4 B R, A 2000 B F9a BAEARAG T A 2 sk 2 e JE SRRk
#5). 5IEFIRT, Poteete and Ostrom (2004) FIZERMER TG, AT A4 e 4E & 1 558
A 25 S S R B AR S e R T s 3 B U AR SR K I R AR E 1
o BRI, SREL T, F—HRE 4R M SRR # 7 i it 5 A i IE 2R A
FIGBGRCC AR IIE R . fn), 8] “U” B, “U” TERR LA R C RN RA AT fe
.

M ARE, BRI & 2 B2 & TAD HEZE T i SMEE S AR E DL &2 SES AE
ZR S A R R, e AR YE SR B IR AT SNSRI T, 5
FIRRSE. RH ARG, FHRA L WAE X VIR EAER . X 5EH &Rk EEH
TR SR, SR HTT 1) 5 98 AL G A s o IR SERLASRE, el e vl
SEFN], HLRBAGANFEZRGE #h2 STRAIE I 2> 35 % B2 548 F 2 SC A 240 B Ei6 3,
A Frik— BB IR R

IR R B, IUE A FUAE BRIR AT R e S B IR B R 1) 98 R T H 4
UL E R, WA AR G RALHIET A R — 2R . i £ 40 £, Tiidgth
DCEAT AR E FAN BERNC B RO RN 45 BCRAF 3) T AR &, AR A L BRI
W B ABEESATI AR T B R AR fI B . BEE AL R NBTI B, K ) L e A 2%
FIEW “Z KM AP ERMNHIX, XEEFICNRE, RIEREAT T, B2 40
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INTRAR FH ORI Bt ) 96 B R 5 M R o /DN TR A R 7R At 308 0 A4 — i M AR ) 2 it 7
WU, LR AR E R T, RO R AR AT DASRIBGRE M, BE M BT, (H BRI S
BRI (Ostrom, 19900, AASHLHECF LK, H E/NRUAR BRI e B i #1741
LA, “CHAAE” MR, S om B H m/m™HE (R, 20110, N TK
BEXAPIL G, ikl 90 A, Hh AR T FARAT AN [ BriERE R A 2 P Bl T IF A6 HEST
A 2 5 /NRUAR B KR Bt 8 B R S o SR T 20 Mo e A 3y HEE i TR, AR R A
7 BBz BRI 2 HE (£, 2013). H4HT, S8 “ARerE” M s i
JE, W SLA RN B KR BERE 3R BRI 228k, 515 HA AN RIS BT A 2k 2 R AR Sk
BRI A IR H, Ao PR KRR E EEEH, MHYER S 1k a, ek
Fi X AL BRI B AR AR A 2R A AR . T, ASCR LB EX . R
W 100 MY, S e M S BRETT, JM BHIEAE I S o xR KR i
B ERBESTEN, IO M IBRIE R, ARFARE . 588 HE] A B
PBCRARBHKTE -

T ERAELE AT

TAD HESE & BUHTRE BN U 1 1 — 22 8 7RI 0 40 4F Ik Je e >k i) B A 8 i 4 A
— ML ATAESE, Fods R T O I0ORAR JE M e BRI R KB B . B AR R H AR
JR A ALBEIR R ) FE R S A AR B e s e A SL VB BHUR I B SRR B, 2R A R
LA S VP AR BRI SOt . A SCRHE BRI A R B BT TAD REZE, FEREH
e AR B A (R B 73 B B VRS P 2 e o M e s e /N AR ACOR B it 32 9E BRI B AL

G TAD HESE, AR /LR B /KR Bt 23R BEGRR 7 B HESE , &l 1
o FEUCAEZE Y, 1785 & (Action Arena) 72 % Ui, ‘B ALHE H 316 BLAT B 1% 5 (Action
Situation) A MAESE 2 FHIATEI# (Participants). 17305k & ¥ S 1 35 2 n) U2 7R 45 € 11
HMERAR B SRAE T, ATB)E AT AR B AU DA K& NS BB Rk # AT B . FEASCH, ATEhE
WBE N R —F R . BTATIMESL, A SCHHE SORAR PG N - BEAT I
WAEURL B S BE ) LSRRG . Horb, PNAEBURN 248 AR AE — i SN A 1F . AL B 1
T M i B R AT N R KR Bt s ra B s R S AR . B S Re IR 4R
R PETT /N KR it i 4 ia 3 b By R & 1 RE ), IXBREFE R P B 5B AN 1. P07).
W7y, AR P RRET] PAT DT MEE S VR IBR E R IR S %
PRER, BFERT “REMEZE7 ST AR BIRARHIE R . 4B SRR I RAR . AR KR
[k eidinp=g1="

AT 5% G W — RPN Bl i v 8 BRI SR #EREE R i BRI =K
HRAF G . ARSI IT AR Lo A A% B 8 T4k A T 1k rh AR B R P AR P S e e, Tk —
R € SCAR E N BRI 5 7 bE. #h a5 vt (Nagendra, 2011). Btz 4b, -3
o P S HE A AR /N A FE KOR Bet E EvR BT THI IR ) Sh 258 5L G0 MR AL 215
S5 RAMEEEZTARG . BRVIPIRAEAEAN D, 2t SEKC &5 REK
55 B AR B RHIE S PSR AR AE o 22 T BERRIN, 48N B A FE KR it v B R v 52
AT IR B AR o

ITBNEE G TR R P AESNTAS B 52 N 3T % B SRS LR, FER Rl — € A AR H

OATCHI SR AN H KRS N REIR AR 1 AR . BRI 3 AR . FEA 10 ANk, IRIERER 1
SEJT AR CLR KR TREAUR A K T2, S8/ NUKE CEHFEKE TR, BiEMEREERY. NIE
Sty DL R B AR PR HE /K AR 45 B /NI B VR 3 T FE S, BT AR K R IX I H TR R . /NI, Bt
oK TAHE.
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LERG™ e ASCRIERRE AL SRR B R HEE, rigies, HAE T8
L5955 T B i e RS ) A B (8] 7D ) s s s , g iy i B RE 8 BAB AL 1) 5K B H
pr (Lam, 1999). #LAIISEBIRI S, HA G EAT AR PER SE I PERIE 2 <At
AR DL A AR, IERE P RRFAE SR e 1 A 3 b B YR B 2 v B 3 1w 1 K 7]
Al OPELe R, $R RGP AR R 1 “FEAE AR L @S AT R, AR AR BRI
I BEFI A CAORBR FOPTHRFERIRES (ERAE, 2014). HET LU ESHT, ARSCMG4ERER S A
YRR VPO N AR BOKAI BT H FE S, BRI T XS K 1.

2ATENIE G o ATENPE G T E AR AL — 5@ SNIIAE . R EAT BN I 52 (1 AL b
B BRAETT UL KN FIRE . A SCAE A A 2 5/ RUR KM it B 7 i B AR R R
BARS5RT. RPVFIRBARIEERRITER G, BARKNE T XS K 1.
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