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TTEMAK 225

[ PSRBT, AR 2 2 5 RS 1 ) 0 R A REUR KA AT R R
L. S S AL B SRR ETBL SR m Mg on 2~ Ao0T Kk
T PTFR A BEUE R 2R, Al A AR AN ALY B B A AT 2 BE U R ) A ] AT A
REUR" bty S5 Al AR BEIRAOOT A AR, WS [ 2o ] FE 2R e e 38, 2%
Ip ] PR A R A AV AR 55 VE A, et vl P A BEUR K A, ] IR A BURF AN A
MbAE AT FEAE BRSO AR I (0 RRIRT S5 18 52 38 23 A AN SR ) S, T it ml
PRAE REUR e 1) ik A LA o

5.8 tnimEFREAE, {RESCBET B4 REIREOAR [ H N

= H SV P TR BRI A RE TS, AT R E PR A AR KIE
FABA I3 RVE A R R T 3 o A5 1 IR s ] A BEUR BB AR AR 77 5
FRITRIIN I ST e ST T [ B A A MBS BOR 5 13k, RIS InXGL . 2341
H bR, Rt AR S SAE (R A L) HESE R BRI b
AAE, SIEEBE G AR, et B B T A AR GRS AN ML R A o RIS AR SO fr
P ARV RIS LA i) L AR 0] AR BEREOARI™ i, $18 i 3 w] 2R e 40
RN S
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FE/NKESARIVIRE 8

XUHCRL GRFHRD
2005. 10

—., KEEHEFEWRR

1.1 BEMNKERIR

FAL RCTAT A8 7K B W A P K B R RO 22, TP L A AR iR s 2= R
IR AR 4 op B 4 A s e 100km? LL B3T3 4% 5000 424
o, K AE 1000km B # A 20 4% S Bi4E 1000km? BLE# A 1600 4%
% KRERHIRZE R EAE 10MW LI #3019 4.

o AR RE PR A 676GW, AE R HLE 5920TWh; ] BETF R /K %%
PEHBEHL AR 378GW, K HEE 1920TWh., RN R/KAERIRZME, £
RETF R 7K BE TR IR, v EEAE S [ b 38 i 5 — A7

T E ARG T R I ORSE EA Y, AR R R TR L
5K, AH/K 25 A X S (1 S A et 2wy, 2 25 T B [ Kbk A< 1
W2 1 T ZE B B BB AE . DA TSR EE =47 5 R B R AL 50m (1)
WP IR 2 AR =k 4000m LU KTHIARVE 25, X2 A A TE A 11

£ 2004 4 10 J] 3 E /K BAEHL 58 100GW . v i) I & 7K BE 08 Uit 1) 24 AL
HEMN 26%.

e

®1: HEKEERIE

JK fie % U 20 e AT TF R 7K e 7R

KA A [ | LA | R Lo A
MW GW.h/a

(%) | (MW) |(GW:-h/a)| (%)
4> 676047.1 | 5922180 | 100 |378532.4|1923304| 100
Kyt 268017.7 | 2347840 | 39.6 |197243.3|1027498| 53.4
T 40548.0 | 355200 | 6.0 | 28003.9 | 116991 | 6.1
ERIT. 33483.7 | 293320 | 5.0 | 24850.2 | 112478 | 5.8
TR 2944.0 | 25790 | 0.4 | 21348 | 5168 | 0.3
YHET] 1446.0 | 12700 | 0.2 | 660.1 | 1894 | 0.1
ZAbigim | 15306.0 | 134080 | 2.3 | 13707.5 | 43942 | 2.3
K EGU ST | 20667.8 | 181050 | 3.1 | 13896.8 | 54741 | 2.9
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VEEE E R | 96901.5 | 848860 | 14.3 | 37684.1 | 209868 | 10.9

A 8 A VL M

. s 159743.3 | 1399350 | 23.6 | 50382.3 | 296858 | 15.4
P HAR AT 3

675 W B A

o 36985.5 | 323990 55 9969.4 53866 2.8
S|

B1  HEKEREIG

1. 2 FRE /MK IR AR

FEFRE /N K HLE 5 SUR BN ANE L 50 MW(F5 50 MW)[F1/NES K AR 7K
Hisitio PN sCia A4, KB E . AR ARG, oK
PRIRZE K 160GW . AHM. [F4EHLBEZY ) 1300TWh; 5 15 kW (7% 5 J1 kW)
DL /N K B R T A ik 3] 1.28 12 kW & 2004 “E - E 5T & /N K B L
N 3865 11 kKW, CLIF A /N K HL BT Al A BRI 32%, CIFAIIZNK
HL A7 AN K LI Z) 40%, /K LR J s 7 R AR K

RN K RS 2 A AE 4 1600 AN L X B, B AR P e TR P b X
FL A PG i X /N K B AT TR Ay 4 [ 1) 63.6%0; HH b X /N K AT I o
A 17.8%. AREHLX NKHE AT IR R R A 18.5%. B VEH /N K L B8 H AT
T T 900 277 kW, &y Al R /K BRI 12.1%. TR KFRAC, FAAEF 1)
KIA s a] o FRE /N 7K B IR AR R B ) I e i J o A LI 2.
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x 2: PEAIFRF/NKIFESMIBR BALMW
RIRK o
“Bhy o [KH N 5878 Ay | ANKH HRRKEE ] BT

Jt5i(BJ) | 90.0 | 448.5 | 538.5 | i#idt(HB) |4036.0 | 1592.2 | 5627.1

MIE(HE) |939.3 | 346.0 |1554.7 | (HB) | 4146.0 | 2798.2 | 6944.2
P4 (SX) | 581.0| 346.0 | 927.0 |) 4(GD) | 4166.0 | 2313.2 | 6479.2

MZ(NM) | 387.0 | 1196.0 |1583.0|/ VG(GX) | 2322.0 | 2589.0 | 4911.0

J3*(LN) | 429.1| 1028.9 [1453.0| i#fFg(HI) | 397.0 | 286.3 | 683.7
HAIL) [1887.9| 1423.1 [3311.0 | I4JI/(SC) | 5878.0 | 12786.3 | 18664.3

HOEYT(HL) | 728.0 | 777.8 |1505.8| 5x#N(GZ) | 2554.0 | 3640.5 | 6194.5

L753S) | 112.0 112.0 | =™ (YN) |10250.0| 7175.8 |17425.8

WT.(2J) [3226.5| 1172.5 |4399.0 | V45 (XZ) [16000.0| 2348.0 |18348.0

Z#I(AH) |684.5| 450.5 | 1135 | BkVG(SN) | 1569.0 | 1553.5 | 3102.0

R (FJ) (3594.0| 2724.9 [6318.9| Hl(GS) [ 1089.0 | 2547.6 | 3636.6

YLPE(JX) [3083.3| 2308.9 |5332.2| #ifH(QH) | 2000.0 | 3214.6 | 5214.6
11%3(SD) | 215.0 215.0 | #HE(NX)| 23.0 | 55.0 | 78.0

JF§(HN) |1031.0] 522.5 |1553.5| #raf(XJ) | 3979.0 | 7287.7 |11226.7

&7t |71870.0| 63181.3 | 150513

TN K B R AL TR AT 6 AL X2 AR DI, AR =/
WivL, JEA RS04 408 J7 kW, 367 J7 KW. 362 J7 kW. 233 J7 KW. 217 Jj
KW F1 206 J7 KW. 2002 “EFF R JEHT 4 MBI R ARt iR,
TERFR5 510 64%. 52%. 47%F1 47%.
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2. 1 EANKEBAR K LR IR

NIRRT AR SERIBAR, K TSRt L HoR, NKE K
HIHLZH B GO, K i L RO, W B SR BEEOR K i v vt
CR ISR AE % N

PRI FA T BRGNS IT A« TSR PETT A RSk HL b 5 At ek
TFkcas, AT — LR EEAR, BEATRGWEIT, AT A il
KIRFTBEIAI I B KA R B KA S b M B (DT A 7 %6 HR
NIRRT AR R, JFIZ DA R S [E N K BT A

NIRRT SR EOR T 2AFR O E I W BRI, N I 5
L e B A R I ISR R s R BT K,
W Y KRR A HE K SE S UK SV . ANK K DRSS Bk,
RERE W32 L2y, DL, K DR A al AT 280> TRERE . bRt
TR

R HEI, RIS UNF 50m) 7K R, & HardE /K T
FERIKEE S A AL 1 PRI . 55 [R) SR (R )0 S AT EE, Rl 48
REREN 1/2~1/30 WIAEBSOIFIN T 2T BOL s N SOBAL R, 24145 98 AL
B, ISR, AT B U j it 46 A1 A B e R S IR o A P SR A AL
A R SR IR S )4 F Y 48 RE A 30~50%.

IR S HE K DN K B TR P A8 V2 B o MR Sk 7K ] LR D] Iy 7K



H AT A B A R A [ B 2
China Renewable Energy Development Strategy Workshop

. PENSATREENE, PRARIZAT R, R4 20%~30% K T . FRIE LA
R K BT 7K Sk Tk 127m, B K5 KR 14m'/s, BAPLA =N 3MW. FR[H
ANTKHL TR R 22 R T A TR L TN D, o T O& 1T B AR &R 51
b, FHFOUS AW 5 AR s 0 A0 n] 15 A8 Bt 30% LA L

KEMAT T 50 MW LU RKFEHLAT I ARAE . FEARAKSK ss R K HET 4T3
TLHLAL, SR AL AR B X A i =, (LA RS/ AR
BRSNS RIE TR KT R BT SR LAl 7
LIRS 2K Fe R ML . HLALIIZNZE . WA T W sek, SERisk
g, RIORIE 777 s pie, XOWE 7L 28 . AR UL Bevt e
2 SCRIVARHOAR, AN e IR 508D, e R AN (M 4, AR T %
ST iGN VIS R R B A %, RS SR i D
B e AT

HAT, DMK RGHEAKOF BER S, FERIA: KBRS b
TR & MU B A 567, A shis il R RIE TN IEC A HI B 9 RIA
M X R T SRR EE A Bk RGENAS Bk Z55 H SR GE, 53 /K Lt AR
LS S T TE NAEE o AR & TS B B AR AR 25 A 0 i 45 24, — 28/
7K FEL S S s SR B e R O e B B il e A B AR RN e £, A RCRE KR
P, WU T R ST R .

R E K Qb A IB AT S U o S I A VR R AR o B 2% FEL 3 PRI F 1A 1AL
W RGER R )20 A g, KSR R4 1, ReXKE FifEmE. K
FE KA S5 7K AR T B B4, AT S B b 4 H st AR A T

INTK TGS FE ) D 5 s Rk T B, A R B T AR, s AT RE R, bR A
i T RS, PR SOE AT 25%FF %3] 12%A 4. B CRA
JKHL L ARG AL ITE) (SL/T53) KATLASK, ARAT b 3 B E sh ik K
Wiz . HAT, £ O sel 7O A stk s B g0 A shik, ThfE
1% 2| SCADA HiARZLK, IF HAFG S FHAGhRAE . [R]IF3RE K #EA2 vit A 31k,
HETAAT 35kV. 110kV AL SR LR & BB L RS, & DOl o M
Pk b AE S

TG T RRA I TR B R SR L, KRR AT T ¥ KN K RIS Bt
WU B EEL ORI, WSS AT AN E, BT HA T E
AREF N K AR R

R Ok R LR . B RIAE 2L R RS s R 2B N
SEREM N K AL AR R . A EA KRG KRN AR T RS,
RIS TR P EARRE . R B RS 55 =T R E R BT A
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NR BB WA A 160 2 Z/NVKHBER RIS 2K, PR i Al
AARNEH BRI S B AR B A R A w55 =R, Ll
LA 5 5 kW BN AR, B, b il SOMBER AR A LA .
NI AN A BTN R ) 22 B R HKENL) S E R, LU
N 1T KW LR RKEEHUA L A A Bh e o B KA B dilid) K
FEREEL 2,000 MV, FERLEM 40 SFEHIE], AT 24 JrRENL B
IKEE ML, b 500 kW B EAERKE A A4 5 T 6. FE™ LK
HL B0 6 A E 0639 2 DL B R /N 7K H A e ) 22

= AKEATIE R R AR RER K R R

FRIE )N K IR E SR IS5 T M7 2 G it v, JCIR T KRR X . /K
LT R (R A B o 5 R AN e D R RS BUR A AL DI S ok, 3T
20 Ak, K DK AR K B A T A SV INK I o Bl 3R R 45 72
ARM AT KRR RECE D AR, H i CREA S A8 I A I 41,
AN AL AR AR LR R E N L TR0, RZERS . BARH A
1552 ARRI RS

3. 1 /KR fET5 6t

(D) i A2 AR L i >R -5 g R JE H N 1 i)

MBI T AR A, AR L 75 SR i R AR L X G H ) 2%
AR TEEHZ o M7 BUFREEAL SR TE . FEARBE LT, B Ak
HUGEIR, et X X IR B A SR T Ly o RN ERZEoR, NVKige s TR
STLASR pR T HL T 0 3 B LR B AR o T FL KP4 =R A, BNk 17 3 2 A
R D, JF 0 o AR 1/2 iR gt 1A L I 1 A SRS

Rl e B AR 23z 3t DX PR AP IR AL 15 D 3 1 FEL DO A i 6 25 19X 114) 2 1
ferx, AR AR e EAN N RERN 1/4; 2E A 1000 2570
N, SN DTt DI A AR O fide, iy 2D i 23, P P D S R
PP i) EUEANBLSE Y o DL, SR AR AR SR KA R Ao B
i JUATS 2 N HE A S AR 24— AN I A R 2 H A

@) SRR TN FRA

ATRBGERER ], K73 BTN DV i e B B SR — L 2Bl i i 8ty b
XL X (R SIS L FE AR e, RO . XX s T
WAL Gty RUERARRIZY, KRR ™ E,  ARA SIS .

iz 5% N L X A 2 B I FEE T AT BR, P g s DAL g Ja AR . i
Tarpitd, REERURE, RAED AR, BT AR U8 AT A i ORI N
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RZ FREMRNE T E KAWL . i i X AR D, BARHH Ed, EA
BRI A R e . B AR N B & kel 2 AR s 2 = T R
oK o ez FL T SR it A T 2 Pzt 1L DXl R R 5 R TR S, 2 2
Jei BEME LAFR B 3% IR 1) = B Rl 22—

TFRANK B RS A AU E 2T R M X 2 BRI R BE VR 1 R S 38 IR ) sk
RISy, $EmR R . JEHE AR 100kW 2247 1) S MKt RS, AU
e A2 3 B B N S A v FH L oK, 1 ELRE A A2 P g A 1 g, X BR AR I
HBHETHRRER .

(3) PRY A ARG

ANKHJE T G AT A AR, HA VA FEIRES, (RS EEAE A . K
TREVAKINARG A, T AR VTR Sk B — KL ZRA FI H B 7K A 7K AR AR T
P, RAAY) . TRGESEZMFR, REEEE SR, WK, Bkt
Ky SPNFUIREEAT SR AR . AMUREHE S M A SIS, B REZ D MARA |
PRAFRME STYLIT NV I AR S IREE ;s /N K FBE AL (1) L k2> T 4R BROGS AR R )
WA, AR EMAR PR o FERELERBHEMRIE T . RARMRARIX . AR LR
PRI E fK BRI, St/ K AR B E SRS TR+ B IEA

@) BARH AT

B B E 25 S POEY K, BEUR A= 5 0 S U A YRR K, Tl
AHERE 5| R ()35 Jent AR 38 PRI 32 B (1 400 SRR B S s ok 3R IR #2522 5
(I R R o BT A A oM & PR A B AR S AN ] PR AR M DL R e e (R BRBE A
P DU A« KRR M REURHE N S5 M (R fa bl i T ST RELL ke,
AT S 2K LT 4625 R 0 K AT 328 BB b B AR AR R R o [l /N 7K H 8
AR, ) iz, IO RE AT RO A I ) ) 2 B v v AR R
W2 —. FREIKEERIFEM RGBT R, DRI 2020 4
JIREEHLI 12%, BFFER 740,64 J744 kW, h e g, i 214 t K.

3.2 /NKALKR R B bR

(1) 2020 FFEARAS HL ) 5 3K 5 N Tt

ST N RIS T il DAL 2, AE0A S5 A6 R4 o 2% 1) il
b, E WA= RAEE] 2020 4F 34 E 2000 R, JEHIRH “F) 2020 FFE
A ESCHLTAL” Bar2f Bbr. b FE RN A5 BRIRAEN 254 . RA
FROHEE . W B g R A B KA.

it 2020 AEREAE R AE 7 7 I IACA SR A J RSP 3R] SCRC N
i, AN JE R RE 7 2O AR, A TR R R AN k>, HL g
SO TURS i Re AR R s . H e s i A g S DR, A Rl
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2| B 7 Py 285 A IE b DX BEP R 9 K

vt 2020 A4 AL A A s 4 HE IR 3. 7%, AERAER 2020 43k [
A BN 2R 5 R P S AR AR DL 10, 6% 08 B 1K, Jm ik B 600
kW« ho 2020 F4EAH F BB 590000TW « h, S4EHHEER 13. 4%, &
AR 0 BEIEIH 2 SR ) 12, 6%

fgeit, B Lt 90 AR EAMAY], T E/NK QBB 4 454 DL
6. 46% MIEEHK (W3R 2). DUHIGKIHEHER, 2010 FFE /N K gL RS
H435 F] 46990 MW, AR AT FF A& B K) 37%; 2020 4F /N K H B WL R K 5] 87710
MW, HERAIIFR SR 68.5 %e ZEORFFIX —AFEIGICHE, PR
L AL 3320 MW,

7143 3 [ 0] P A BEURVE R SCRE S/ K HLAE 2015 AERTIR) SEILILARAL IR 4%
PETR, /NK A A RESEIRTT R ik 3] 70%, H2 W m i Hir. TR /N K EAE K
A 448000TW. h, 2020 4F A [E A F LS 76% 447 .

2020 SN K EATSR R BT 1/2 (kb 1/3 AR 1/4 N LR 2L )
PE o /TR HERG AN BT Tk e s XA 5 o R 376 FH LTS, R 4H 250 ) 24 1
AN WS (1) /N IR AR AR A H g (A B (R AT 55

(2)  FRE/NKHEAR R % 2

/N K AR R e 3 B DL R — A 07 ALY
fa3, WEREAL . A RS WTT I, LU R A Z 525 I X AR A 7K
HL 75 oK R H b, DLIRARE AR IR 24 T By, LUNKH A FECE M [ 31k,
FRAHEA NI A, AW SN KA AR AT JOS AT HKE, RIER
e s, sk, ghrpe et TR S0, WER/NK B S  F
W TEARETT, A/ INKH AR S A R A JE R AR R

FOR SPGB E A, iRk, ndRsct, & e £
ARk, B&TEE, WRTME, SUFGE; MREPITEREARE, LiEH R
FAEF= &y CLEPA RS 4 R 3, IG5 3 E A SRR AR R %

ANIKHECRIEAT I RO B B RE b, i A ko

XFFARAK Sk, FRRMEERTEZFEATE /LA L, RAASHRIAR IR R

“AIRKRH” (powerformer) KL, 7KK WTIE A /NIK HLGG

XK Hl, D SO0 B B 2 A R AT R, SR A K
FERNIKHL, AGTIZ= e e i R E SRR, PR RIS ST .

K s BT H PR B RN 2 A ] R AE T — AN EL A B A

FEAR LRGN i Dis AT 2, B s BRI 28 10 & A EOR I K

FR K SR HbRIE: 2010 4FRT, 50%K) /N 7K HL ik K P2 v I 32 2 IRAR AL K
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o 2015 4, ANKEATN AT S . ARG, A BEENE, /oK
R e S W] 3 e

0. HIZEAR KRR B ERR X R E il

4.1 /hKEBEEHFH

(1) AR =R o R] AR BE IR AR R AR AR Hh T I PR 3 ZE S ) i -
AP AR BEYR T AR BN /INFIABE (1) A2 7 38 R v 1) AR e s B AR, (™
(Y RE R AE 7= S o i B i PR BB R AE 7= AR o /N 7K L TR AP A X — [ . S F )
iR IR E K, /K HL SRR B AT e T se A i s g, R SR
DSl 28 5 A (1) PR ) 5 i B RS AT A — o R BE 5 o

@) FHGRERT G o ANKHRER 2 U, Sz 561, K
WA IE R G IIA R, DK KEF K MR ZK S SR B . 52 a7 RE
PEBR Y, e G far s, ARRERULTE Z LTy RS 1, s DRI Pl I £
NTAFEHLFE K

(3) SMFAR . NIRRT R R E K KBRS R P 2k
H, IXEEKCTRIRZ KR 80 EARLLHT, W TIEA R EARRE, RRAR S5
WA IR, FEUS R ERERCR, B e R R TR L.

() WU AT B ROR AT N, B gl i A, R % & B TH
FRE G BRI ACREMAC. IEih, YA RAE 5007 3000kW BHLA, i
HERALT 80%MI 5 54%; ML EAE 30007 12000kW BEHLA, HLESRCRLT
80%H 7 38%.

(5) BT ANA Y . M2 /KA I B MK SCHORE . & B PR FE AR
AL ST G HUIA ST, 1847 77 OB AN BERAL K T8 B2 R L 38 A7 %),
FEFE K FEB k22 A BE R IR, 3k v AR o L AP AR aa AT 7 A 4 1)
7]

6) HLAKE K FWATFHLEE o BRALALIEFRES, W& 2 i pE 2,
EK T RAER ], b T R R

R B FE ek A /N 7K E SRR 1) SRS L BB A R R R RS KR P ey, R A
ai Wl A AN BN I H W S VEM PUNAE, W89 T gy, 2002 A4 E N KA
P S R H AR LT 38 e A A i Y 0. 06 JT/KW. he 7 64 /N K FLEE 28 5%
PEFRE R A iR, PO BN 0.25 J6/kW. h 3, T34 52RR & A
SEE A 0. 05 JG/KW. h

4. 2 /MK ARSI T RBUE T H

AR E /N K B H AR B A L AL IS VE RE AT i, (25 2 e Tl
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R JEIEARACPAR LG IEAEAE — € 2200, F BRIV DK BB AN, HA
39 R RGNS, BRI i S 1 Ay R RHFE SRBEANAS 55 7 T o FoAhal f 45«

(1) /NKH BRI BRI . BRITANG o FRIREs /NK IR . BRI & T
KA BT RE Z ), 3 IR R ACE

@) A T S ARSI 2R W S T R B AN O
71 L 5K LI /N 7K HL IR BT e 0% 2R AN R BRI 400 T 5 P DRt L 9 R B A R R 45
Tl B s 435 i, A< DA /N A U R L B Y ] RAS R AR e A vk o

Q) BN HURIAEEE . /K AN TE B > B A I BRI . BT H
AP B EAE, AR R Ik OCR . AR T i i & 2,
FEE I TN K LAY AR DU R i

@) AZATEFRILT . AN SR T /KR TREME, BT R, Hff
Biivk s HEWE. HKAELES TIRE. K NS AT W20 1 SE IR T Bt & T AR K (1
T, T RE AR BN, ORI 3K R, BER A K AN B AR K A
IEATERE R HL R T A HLAR

(5) FREFBUE 173 A B o K B IAT BUR O DL T RIS R BUR 8 3,
PRI FEAR BRI K. S T40E “Hilpidh” A “BoRth”, B
A2 & BA T ALR R Bk

WHR T DA IX ek B 4RH. 17 BOR K B 9 IG5 B, /NKHsE
ok L b TR R A THRE 2 30% 254, 2 FELs ] ik 50% LA L
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[ KU A R AR R R

JIEAN
o ] 7K R TR ) A A 2
BRERDZ
— KBERIE
L1 MEEREE

WIEIE LR, WL, KAERIHEILEEE . RIE4E 900 A Gk
b FEGHE 10m w5 B VORMEAT A ST, A BRI 28 B0 100W/m2, KRR 7 5
il T2 32. 26 14 kW, W] JF A FIAH Bt - XA BE A% AT 2. 53 42 kW, IR TR
FF X BERE B 7.5 42 kW, 3E3140 10 42 kWo dn el b XU 4E | R e B4 2%
B A 2000 /NI, AR TR AE 5000 42T PO HE AR, H b XU AE L R e B
SRR AT 2500 /NI, BEAERTERAE 1.8 TAZ T RO s, Al 2.3 ST T R
N HL

1.2 XEEBIRE S0

WK, HIEAMEAR, KRR DL AT Re b . R A &
AN BT AN ] o XUBE P95 5 FR X 5 3 A1 E 2R e 9 v S BT S5 DA B Ak
X o F3ak, AREEA AN RS L, i B RRE IR AR

Jei b, fedby P HulX X EEFE 7. 6 CRIG. 484k, vadb)
X REEFEE AR AL = b, NS HR S EIE TURRUE RS/ A
VAT 200km FEM LAY . —JbHB X AR R IEE R, KEIGHIETE, 2@ E,
BTN XGH, A2 BREE — F I R RRE TR, A3 T RIS 1 T R
Yy, AR R RN, PR TORCR R, T FLEE B fueg oz, TR
PH B L

T S L By W M DR RE T o W AL B U AR L AR YEOR. R
WL AR SR ) PR R AR/ TR 10km BE (W AT, AR Z=INA 2/
K& X, FRREE N BV S L 505, 0 b & VWP AN R 5, 2R v
Vg S L S 05 2 B R R RE e T X o YRR X 28 B AR TA YR S L 5 U e XX
PIREE, RHEGHEANRG I, HKHEEAREZEN TAME. SR 1
O LN 2 9 A 1 2 1B A e D A I Tl N R D e - SRS e LT e LN TET A
AR

PIBE URE & Ao 7 P BT — L bh X TP RRR R H T [R5, T A 22K
REF & A, TR BE I B b DX A AL L = LRI N1 25 b X
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i EXREFE X F M DRI S, ARERTREKER 2m 21 15m (174K
TARIL R, 2 i b XCRE B2 YR [T B VAR, 10m iy 52 vl ) P ) XU RE B R 4
el B 3 %, BRI 7 422 kW, iy HoBR ) e RO RIE . BEAE I B KU
ARV, Z25F LnAT, KRR BN T EE ) w] R SR

—. MHKRRE

2.1 BRAMEANT K, REHEHLZLATE

1986 FFEE W I AR R — MU 24, Gkl 20 24 09%5 77, KH
BEN AR KR 2004 R, 4xEEK 43 AN, 2R HE L4 1292
G, BHUBLER] 76.4 J7 kW, JEtHFEE 10 7, WHHEE 3 A7 (7 TEPRERI H A
). b, HIGRITHS g A LT @ IRAIs T IR, X
B E M A o

2.2 M PMEAM B AHIEK PR E, B RABKRREX R &

S 2N, IR T R R R AE AT ML,
KIREHLAL s AR T O AR SR, BRI E N AR RE B Ol . o,
600kW A LA N HLA O — @ B L), WP TR R T BN LA LR AR
Bl 2004 I, AHL KR S T A AR R 18%, BTl KA
Wity Hir, RECERE TR IFRIEIE 750kW & 38 e FE L MRe )1, A1
MFEFE B 90 AEARH IO o S E MBS B 1200 T BLAARST 1
TH 1000 T FLAR R BE AR F RN T 2005 F42%¢, MHATIRIIZAT .

2.3 IR E L K

B A RGP R T SRR e e, TE 3 5 LR AS, et XU FE LA A b A 3 7
DA It K 3 i e FE AT 45 B, R KU HL 3 S ORI AT IR AR i 0 FRAIG, W04R
7T 1994 2] 12000 J6/kW AR E] H A2 9000 Jo/kW.o  [A]IERUHL ) | /Y
At B 1.0 JG/kWeh BRAGEIZ) 0. 6 JG6/kWeh.

2.4 2003 47 [ 55 e A s 7 ZAOE R AN S 5156y, s i
ANV L BURE 2 0 BABAR N AR e S o ISR eSS ZE A 2003 AEFFURHEAT AR
SR G W I W i DU (o' a1 D) LS ol L RN s SR SN /AT R S A 3
TE TR FEL M, ORAIE XU FE R A Y, G L s o R LR 43 7 4248 Y
WO, AR TS| A A R B3 T R R

2.52005 4 2 J] 28 HIdk ity A N R W PR AR BB IEE D) rhRie 1 “ ]
FRAE RIS A WL I H ) B LAY, R 2% B A A T2 8 38 1 T AR AR AN [R] S 28 ) A e U
R HLTRTRE RURIAS ) 1 DX PRI 00, 42 HEAE R T b ] A R T R R F RN 22 55 & 3
(17 JEU DU AA 5 7, < PR TN i I A9 WSO T A R R S T S AT 11 B ) 4 Y 2 FH DA R I
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B BRI B, AT LAV AN HL P Aol A i ReAS , I AR A A rr [l A0 < e
W AN AR IR AR S U4 B A 5 B I LA WA ey ] A EEE P B P i A ) B
F s i AL H R RE IR A i~ 38 L A AN oH AR A A B Y 2 ) (R 2280, BRI A
B e, R KRR VRO H AR IR 2 A O 28 IR 45 SCARE D B HT (1 40
SE s A e WL IR R RE AR NI (A2

=\ FERE

3.1 BYE

AT AR RE BRI A, AR A 6 uh IO e 2R b, 42
A AR [ o FH )Y AT B8 S B VA, 1T R P BB AR B A G o1 v 20 2
I RRE TR AT, PR R R IR R W F R . B E N AXA ] GIS (M
HERRS AR M, 1B, bl FIH S, B, Mt S8 5k
JERIRI SR R LB 508, ATE T T R AE E VPl .

3.2 MR &A AL

A 3G A 9% J5 T T S BRI 75 =R, P e B XL IR D 23 120 2 J6
FLRLCAR, K 750 TFL, Mididp e ZELAIRBLAA Fdit. A R AL il Al
T 5 o A B 2 M 2 o A T B AR S AR, PRI 26 AT T PL BT B JK FL
N R T, BRI St FERR K

H BRI EAL, BT EZASEEN S 5D, B s
SFNA, FEALE R R AT R BE ) Fab A R, Sk vk b T BRER
5| EAMASEEERI B . H AT A 5 EEF e, A e BANGIREEAR,
MEIARERelE, AZMTENRE] WA, T2, MRSERRE, F20E~
(2T Pk e I (A A REIA 2 [ Bk P o TS A P VP nl e R AR () [
W R ES AT B S BRI 9, WL PR R A% EL IR DL SAAE A B

FEWER KRR Fh 3T oA S, TR R T i S B I T AR
A . B TRI AR T B A T4, A LSRR S50 5 B TAE 200
05 B X I B A Ret. KA ALZ AT DGIEAR 2R AR ST

A LEH P 2 AT e RN P2 M A K P 3EAE, I ARS8 T T S LT A 1) e
FHE o 5 AR TAR AR XL, [ ARSI A iliss Jy Ak T 2
BB, WA SR R, AR R R R L, RUSUR L. AR TR A, A
AR A MBI R, # T BT R SO .

3.3 BRI B B

BEARSGAF B : s H a7 I KT, BoE ARSI Kgd
BUA R 57T BU, A 1 W o3 DAy A5 30000 174 2000 /NI, B4 T+ BLIE H 8000 — 10000
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JG, FTIHAERR 12,5 47, HAth A S 2 B0k Y

WF45 4t TRERAEHE 4y B 4 4276 (8000 JG/TF )+ 4.5 4478 (9000 J&/
T5L) 154276 (10000 Jo/ T FL), Imsh%t4: 150 Jiot. HiH %A% 20%, H
SR N FNMEARATBY R, SEa] 15 4F, FERR 6. 12% . HERIB A 8.5%,
FIAS BRI 33%, BEAREIM% A% 10% .

JAHEL AR I AT AT B

F UL ESAT S AT IR A Y B I RS, DLBEAR G0 55 i fi %64 10
%6 AARE, 4 XUHLIZ A b H B R S5 0 A7 r 2000 /NINF,  FLR T BLIE A 8000~
10000 JGH, KL 240 A > 59 Ky 0. 373~0. 461 JG/ T FUR, %804 BRI L M
HriaHl 2 0.566~0. 703 Jo/ T BLIS CEHMEBD . BATEB " VI i, 22
SRAAT R . M EGRIRG S, TR AR R AR

[R5 1 e S A5 P B 1 P e N M o
HIAY R S AH [F] LE 2R 1 T

TR DAL R, 25 XS TR R A 22 AR, L [ — KUk A B 43
ATWA K ZE R Ay T 43 H7 e RCEE D2 R 1R LB AR A 06T Jl A R~ 3 F 9 Ly
(RIS, 53 ) vt B 55 23005 A7 ar /NS RCA 1400, 1600 1800, 2200, 2400+ 2600
2800, 3000 [IHHL T AR AN 1, RN I 2,

R 1 AFRRBEFEFM TR RBEA Go/TRED

SRR AT
IR | 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000
ES s

8000 7t/ T kL 0.533 | 0.466 | 0.414 | 0.373 | 0.339 | 0.311 | 0.287 | 0.266 | 0.249

9000 7o/ T kL 0.596 | 0.521 | 0.464 | 0.417 | 0.379 | 0.348 | 0.321 | 0.298 | 0.278

10000 JG/TFL | 0.659 | 0.577 | 0.513 | 0.461 | 0.419 | 0.385 | 0.355 | 0.330 | 0.308

R2 AFNBETHEAM T LM ARG Go/F i)

A
L | 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000
Hei

8000 yo/ T kL 0.810 | 0.708 | 0.630 | 0.566 | 0.515 | 0.472 | 0.436 | 0.405 | 0.378

9000 yo/ T kL 0.907 | 0.794 | 0.705 | 0.635 | 0.577 | 0.529 | 0.488 | 0.454 | 0. 423

10000 7o/ T-FL | 1.005 | 0.879 | 0.781 | 0.703 | 0.639 | 0.586 | 0.541 | 0.502 | 0.469

Ap SR A T XCRR AR P B 7K R BT BB 9000 T8, B B IER B F4F L H
RN SR AT 2000 ANIRFTEREE, U RKCRRL I B Y R AR 29 BT BLIR 0. 63 JT, HE T4
P2y B R LA AT LIRS 0. 31 Jis— 1%
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AR (4 [ 23 XU 5 KL 22 1 AR IR

3. N HHLAAMACRERE, W R E 5, AT W, )
WORT A 0T A A A S IR, 825 SR IR B KT LAL Rl A . 5132k [
SVE I REAT B AP BIINLAL, T E .

4. ST FE TR b TR K 2 A s s SR DR AIE S T A 2R EA S A IE il
&, AW iR, PR, e RS .

5. 1l 5 TN IR FEL A R 1 L TSt T R 0 DX L KT L oA 32 (1 i e 5 it o

Fi. “H—F” F 2020 FREBEFHE]

T FYR S5 R T0% AR K FR, T HL AR AT Y RO, BT s R i ek —
SR T DBk B, ORI ¥ 1 T AR BB, R PR, AR KRR
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2006 31 2010 4o “A— TR STE) A T XA LA B2 300 T
FC, STIEAEETIN 60780 7 T-5L, 2010 4FJE BT $EH141 400~500 J7 T L. 24t
KR T 73 0] R 2 H e 8 BN R & dlERe ), BRIk EECERT
2005 4 7 H H R ICH, FR P RHLIH R I HLALA AL 22538 2] 70%, 75 WA
THEE o WG ST RSP SR LA R e il Al 5 F e A A 1, B
50 J7 T FLMUAE A IR L T 3 f B, Bl R e

H AT ORI F 200 H AT ARA VBRI Re I E 31 )7 TR MREs
W S B 22 7T bus BT 12 J3 T BUs VL9584 45 1T 5L LA 21 1T s
TR 33 J7 TR WS 50 1T I0s ks 32 J3 T kL HN4E 26 T T8 7
B 19 3 TR B 22 J7 T P05 . H T8 W3 7 BUR FI KR R 5 SR I A 44
(1 AR 5

2020 ALK H b2 2000~3000 J5 T 0, K LR HL SR 2548 ok A — e 1R Lo 4,
JR I 2y by A E S R AL 10 {2 T LA S 2~3%, S A& 1~1. 5%,

2020 DA At A OB SRR 8D, ARSI, R U R A5 T s g e
SRIEAFHR . 2030 A LUJG /KB B s T & 58, i KL T 3 1E AR
FUBLTT A1 o
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WA E] 50% LA, BIAH AR K RE AR B AR R IR A i P B EH . B
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I, oA 5 5 TR BL NI/ KB h 1. 25 /4T BL. 2] 2003 )i, FRELC
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MfE: FRIEPIG A, =GR, #F210A 18000 Z A H, WEHEA VT
ZIR, SUET SRR, TER T AR X RE TR . R4 2SR & Kb
PORME S, T phd ] T AN EL 2.5 2T 5, i EXBERJEEE R, nJT
RIMARLE 7.5 4TI, DIV BN R 10 12T F0. Hur4a B oot M
R R R Z & 57 JTT-BL, BbAh, A 15 i X AR B R A R /N X T v
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M di%e) 10 25, HIERE L 2 77T B £ 2003 4K, 4B KBHAZK AR AL
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B A5 HAT, AsFEARM O 7 A 1300 25 1, EP=HS4) 33 1457772
KBRS TRE 2200 240, E7IHSL 12 405777 Ks AWK Ha 2125 & 200
Z T,
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R 1. PHATEARERBERN (F 2050 4)

AIKGE 2003 2010 2020 2030 2050
REVE B B (AZMEARAED 16. 8 20 30 40 60

NKHL T RO 3000 5000 7500 10000 20000
TERHE (4T LD 960 1600 2400 3200 6400
AT 2k 0. 34 0. 56 0.84 1.12 2.24
KL O T 60. 5 400 2000 5000 10000
TERHE (4T LD 12.7 84 420 1050 2100
AT 2EFRED 0. 0044 0.03 0.15 0.37 0.74
A FR L T ELD 200 1000 2000 5000 10000
SRR (TR 100 500 1000 2500 5000
AT 2EFRED 0. 035 0.18 0.35 0. 88 1.75
WA ULET7KD 45 100 250 300 1000
AT 2k 0. 036 0. 08 0. 20 0.24 0. 80
Jed Ik 5200 10000 27000 50000 100000
I ERENC ALY TS 0. 062 0.12 0.32 0.6 1.2

JeH I TR 5.5 50 3000 4000 10000
ERHERE TR 0. 55 7.5 390 540 1400
AT 2k 0.0002 | 0.0027 0.14 0.19 0. 49
e (AZmibRiE 0. 027 0. 087 1. 00 2. 60 4.78
Gt CHEFRED 0. 504 1.0 3 6 12

AT PEAEREYR ELH (%) 3 5 10 15 20

% J W 1KWh = 350 sobriidre

R 2. HMEAEXKENA/PMSELILE (FRIE. BIHE):
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AW iR 5000
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1.2 B BURFI AR B st B 2
o [ R FL D RV AE 2000 A RLRTANES 5K, 2001 4FLAJE, BT 5 K REiUAL,
Ha, g 5 ok ARFAF B 20 % (R FERS K, 2003 45 4 [ HY B H, g A1 S 7™ 5 A 2 1 B
%, RN ) KRG LA A 5 2— 3 fE N A 2R . 2002 442 [ L 3EAL 35657
JI TR, B 74. 5%, A& 16542 44T Ui, SE AT 81. 7% . MRS H T 2002

R L N LA A FL AR DL -

3K 3. 2002 AP BN BB DL (R DRMERD

PR 7T RHE (4T R

LR x i SRR A b R | AR
I TR (%) LT B (%)
K HL 26554 74.5 13522 81.7
K 8607 24.1 2746 16. 6
B 446 1.25 265 1.6
ST 35657 100 16542 100

2 H TP A R AN B [ SIS D0, 2010 SEAN 2020 421 Ht g fiE M
K IR, WAAAE - I, 752 ] AR R IR HOR

FASEAL ST

T4

4. 2010 F1 2020 FH [ Kk BEEHLII (GW) (B RMEERD

HE jL K ¥% g JECAR
2010 400 135 12.5 37 584. 5
68. 40% 23. 10% 2. 10% 6. 40% 100%
2020 592 220 36 102 950
62. 30% 23. 20% 3. 80% 10. 70% 100%
% 5. 2010 2020 F1 2050 £ E BB AR BFRAW T : (B ABERD)
R WA E (LT R (L)
2002 3.57 16542
2010 5.85 27100
2020 9.50 44000
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A B B H T FH

AR I FBL53 ARSI CAR R GEFN IE G AR FRGE o FS7 AR Ha bl A 475120 228 1 X 1)
ML RS, KRS FHHRIERS, BEES B, BIRORY, KRR T4
FFhair A & W ) ] LIS AT OB R R R R S

TR e e 2R 4 02 5 W A I I e D 26 L T RDAR AL R . H TN
FEAR FrT USEIL IR A R G I W 1 5 AT 258 JE I R G RV Ha ity R
. RIARGEFHINARFRE A RN, LB IFMOLRE RS, AR
— AR LA KWp BJLAS MVp AEE . P35 sl WL AR TN J A IR b DX et
BB I RO A LRSS, HFBI 10MWp 2 LA GWp RN
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1200+
1100+
1000+
900+
800
7007
6007
5007
4007
3007
2007
100+

1988 (1990199211994 (1995(1996 [1997 (1998 (1999 | 2000|2001 |2002 (2003|2004

oHEBEHEK| 3 |47 46|56 |6.35]|9.75| 9.4 | 18.7|20.5|23.42| 32.6 | 55 |[83.8] 135
m BR 6.7 |10.2]|16.4 [ 21.7[20.1|18.8 | 30.4 | 33.5| 40 |60.66(86.38| 135 |193.4| 320
o B 12.8 (16.8|18.8|16.5|16.4|21.2| 35 | 49 | 80 [128.6{171.2| 251 |363.9| 610
m*xHE 11.1|14.8| 18.1 [25.64|34.75(38.85| 51 |53.7|60.8 [74.97/100.3| 120 [103.2| 135
m At 33.6 | 46.5|57.9 |69.44| 77.6 | 88.6 |125.8/154.9|201.3]|287.7|390.5| 561 [744.3[1200

BP0, A KEBBGEZE (RER) (PVNET2004)

=, PEDUAR R BT AR

3.1 FEAXMHEMM TR E

FRE T 1958 SETFUANTFTABH B, T 1971 SE R Th M4 O 3R & 5 1
R TARE E T 1973 S TFaaH R FH oyt A T . B ek TkAE 80
SEARLAHT AR T4, DR IH Wit )4 7= i — BRI AR LOKW DR, ISR B ot .
H T2 B AR S BRG], g R ARG, B TN DAL RIS, fethif b
KB VB T/ N ER BIR R SE, NiAsk] - BRERAS 5 R GE. m AR B ES
FHL RS OB B EDGIT A, DR — A JLIRREDL TRl 75 “IN
.7 (1981—1985) Al “~E 17 (1986—1990) WIF], K IFAEMHER TAVADE R
W Feeh LASCHE, v et )7 BURF DGR N T — € B 4, AU AFRIE -+
55 /1N K SH H it VA4S 21 T DU AR VR 22 N s N T RS, A gkt |
PBNIEAE R GE K WA A E I B DR R G A S s R4 DAL H
RGP ARG %, [, 8“1 #in, EWLeENESGIHET 24K
BHAEEIE A =28, B T4 IMW IR Sk e it A pe 2 b, e At o el F A
2, AU ABH H it 9 2 = B ARG £ 4. 5MWp/4F, Bl <L Wi
80 Jo/Wp I F%2 40 J5/Wp Zidis

JUTFARLLG , B B EDCAR A T A A BRAR, N AU 4 1) 1
MV ATIRFN AR AN R e, ity R, BN SR 7 BURF LTI,
WIPHRE “BHYGTHRI” « “OeMATRE” o “PumkPT BOBIR TRE” « e eFm i IR
A A E B AR . AR I AL KRR A P DGR IR RS . 1
A 21 e, Fenlin 3 4R “IXH R 27 TR, EETE 20 14, 223 20MW,
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fif i T B 800 /NG HL 2 B HH FL vl i, 42N T 3R IE DGR T P L KIE R K
L ICIAINS, JF R A B sya TR AR R A HE , A\ BkW. 10kW & 2 £ 100kW L |,
2004 SEIRYIHARFE IMW - 90 A R TR Ay e TRl Y AR 7 FH 40T 1 2 A

il 2004 T, FREDCR RGEH) SR LIA R 65MW,

IS sk JNRI LA, KR ORI REREREAT, FERIE 5102
% . BERCAT M R Rl R O, AR E IR ER, AR R P A Lt AR
6MW 22, 2 KBH HL it N I — A K X RAGR ) .

3.2 o K P At T = AR

A EACR BN, FRIE S RS AR 2R
MV R IR B S R SR AR T2 A P i K B E I, PR AR Tk N R
e AR I, FRE el g | o B i I AN AR A R, DA
AEghrEdth e = 2, AR EDEAR I / 4UE R AR R AR 4. 5MW, B DGR
WAHIETE R LA I, FEDGAR AL TARE & RN, A BB AR
R JUTHFEACKIRED AR R SRR, WA AR H . 2003 4. 2004 4F
ERE CGERRZ ) TRAERTISHES) Y, —#i 2, Afhaihesk. o
TEGE / fk ]y AR P AN AR B g =, AR BED AR ML i g8 A RiEEE BT, B
AR HEN AT B A e . Al 2004 4RI, B DGR R AR P B
30« A 150MW, FEIAE = 6TMW, BEBE / 1 A2 ™= 5AMW; A== 2 4 24 100MW,
FE Y 42MW CHG A IR St fek AMW) , RS / feE o 46MW.

BT 3T GRHREZ) TREAMEPR TS, FRECKIHEM / 48
PRI, 2004 AR R RS 2002 4R 6 £ IR PERE AW S, Rk
A H R i AR 10— 12% 48 i B 12— 14% o KL / AR oA 20 47
AW BEAR, B4 i )\ HAEARHI ) 65— 70 7T / Wp [%51] 2003 4E ) 24—28 7T / Wp,
2004 4 i1 T K FH 2k [l ot S5 5k, A5 0 SL[RITH 2] 28 —32 JT / Wpo 2004 3R EK
IOF PV ) S o A 5] 50MWp, [ Y DGAR T I A 4 AN 21 10MWp IRDGAR 2T, 7
a2 R A3 H R [E A

EORBED GRS b A R, 7 MY AR RN AR K- HR A A N iy o H [F] ik
EIRAHL, AE AR 2208, W B REAMEHE PR A, mfiA4S, o4
SEILE AL AR R, MR RELL IR AMmAG, Wi, FR3K. EVA . ZIfFE3
ISR B3 . TPT AR 6

SR EE B3N IR A PHARIRES, b ™ E e KBH 2 ik
FERAE, SEARIHE I . JLEI IR ZER > T O, i L RS / RE
. BOEMEEE, & 5 PR,
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AR
#0

o
pridn| i

B RREEATMW

FREMY MY e
s
150MW

B 5 ULk 2004 B EIGRT L8 (FEE) kR AR

PRI A RIE RE )T G - 2 MREREIGE . S8 IEENL e A 2t
HE; PECVD BULAEUTAR B 2 W ENRIHL. HVB A 7Bl B IR el S R e
BIARE LI A P T, XS T e sk, 55,

X7 [T A LA MY BERE R 9947 5C o AP amiad 51 HEH AR RE W 11
] 1) P NI AR =, ARECE L AR 2 — I IBERAS |, o KRH
R M BICH R o KN AHZOCAR LR T B A B A i3 b 3B 5 T
Ky IR T SR E BRG1E, DORBHBERE A VI AL, BETT - ARG R AR J
Bl

PO H [ AR % P B T S T AR Rl 2
4.1 R R E B R
“T— 7 LU E] 2020 AR A EEIEI H AR T 40 F -
£ 7. 2004—2010 HARFRI B EHERE (Mip)
TR 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

T 10 | 27 | 38 | 52 | 75 | 105 | 138
Babaed | 55 | 65 | 92 | 130 | 182 | 257 | 362 | 500

TR 1%
8. 2010—2020 B MK BT 2R R (GWp)
TERE 201020112012 (2013 (2014 (201520162017 {2018 {2019 | 2020

i 0.2010.32(0.48(0.75(1.17|1.82|2.84|4.42|6. 87 [10. 65
Bl 248 0.5 [0.68[1.00|1.48|2.233.40(5.22|8.06|12. 48]19. 35[30. 00

THPEHK: 56%
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£ 9. 2003 FH EE W ARG KT BB

Wiank Rl deiE (Mp) Wmma (%)
RAT AL 28 51
TEAEF T 20 36
RBHBEGAR = il 5 9
7 BIPV 2 4

FriEh Giei) Hukh
&t 55 100
& 10,  HKI 2010 = B EH A OBAR KT 3 B A B

Winonk Fotedes W) W (%)
RA AL 300 60
ATk 70 14
X FHBERE T 5 2
XBHBEGAR ™ iy 25 4
9Tl BIPV 70 14
P/ REHL S 30 6
il 500 100

R 11, T 2020 4= B E A OBAR 32K 3 B A 8

QRS Bl e & (MWp) WmmE (%)
AT AL 3000 10.0
TAF AL, 4500 15.0
N2 1000 3.3
KPFHRESCAR ™ i 1500 5.0
i BIPV 8000 26.7
YL ) REHL 12000 40. 0
&t 30000 100

4.2 “H—. L #RESMAF

“A— 7 WA, AR S AR A B OGO HTER, ST L GREED
KRB IEAR b S 00 H A& “ O3 i @ S 0GRIE R 7 T RIE R . X T
FEAR T M Ab A R AR L T B 7 T AR AR R R S 4

4.2. 1. RF MR K TR

LA KL 28,000 NMFFHE, 7 HT, 3,000 5 ANHIGH. XETEHEAH
KRS 53 A 7 e P b X — g By, Horp— S8 TG M A S A Bl LR e,
BEHAEE 2—3 /M AL R AU AT, RS A ERIM AT« S iikT Rk
FRBH o XSO0 U X AT TR R FH BB PRI, DAk A AR IR B X A7) s 1 o
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Wist. RRAI T E R A A (3 A e O -

R 12, PHEICHEMNFTHE ST

A oS IV N
CCWAE NI RN N i TN R ToHA S | To T S
[ — 486 | 5,254 | — 5, 740 289, 300
M — - 3,000 | 377 3, 377 1, 294, 000
Hol — 9 871 | 2,384 3, 264 360, 173
REd — - 960 | 2,100 3, 060 249, 590
Giopes — — 960 | 1,400 2, 360 249, 590
i 1 94 773 | 1,254 2,121 101, 000
g )| — 126 | 1,459 | 40 1,625 648, 300
EE — 28 216 | 1,095 1,339 316, 200
TH — — — | 1,306 1, 306 64, 000
B — — 75 975 1, 050 121, 500
T — = 700 — 700 577, 000
] — = 666 34 700 388, 600
Pyl — 4 528 — 532 1, 003, 800
il — — — 518 518 279, 500
ik — — 357 43 400 13, 800
By — 11 344 — 355 289, 100
vy — — 259 — 259 112, 000
A — — 253 — 253 160, 300
EIN — 3 163 — 166 191, 900
I — = 17 33 50 80, 500
AN — — 17 33 50 287, 000
BT — — 13 — 13 9,100
U — — 4 — 4 4, 800
J7R — — — — — 50, 800
il — 761 |16,889 |11, 592 29, 242 7,141, 853

THZ i A E O el X 27 TRREEAR . IO oA A H
J e S L ) G SRS JC FUR I LOKWp, AN JC HL P 4 B 400Wp AR,
FEER A e 2, WVEAE T K42 3,000 MWp,

ME R E I FIBGE S, 2010 FELART, FrHCA UL a s 50 7 BL TG
FSF AT 15% PRS0 T H ) R T R TR RS, 20062010 4E (7], 4B vl 10000 AN TE H AT
HT 100 J3Jc H P 49 FH H v i, S B4 O AR FH B 265MWp, SR tE FH TR AN F AR TR R B
HYIA 3] 300 MWp, ZM4E LRI R
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R 13, 2006—2010 FH TRATE PG K FEFISEALER] (Mip)

1F 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
L 2 5 15 30 50 70 100
ek 2006-2010 4FFr 01 265MWp

LHENA CJ5I6/KWp) 7 6.5 | 6.1 | 5.6 | 5.2
B (aoo 10.5 | 19.5 | 30.5 | 39.2 | 52

it 2006-2010 “EFr Y 151. 7270
Fitdel 28 30 35 50 80 130 | 200 | 300
SERHE (GWh) 30.8 | 33 | 385 | 55 88 143 | 220 | 330

42 WA D R L 1100 /N o

4.2.2. FrREHh R8I R GAR f ki ik

M E T E S FIBUR S, 2010 4 LART, W56 T e I i o R R H sl 5
T I BRI U8 2 B A Sl M (IRl AE 50 A LA, LA
PR/ G S L S B PR s T r B R AR ), e A OSSR
HE B I8 AR HL sl (1) L 5 R 2 H L A7 far TR0 100 22 HLELIY, DAY S A Aii ok 5
WU BT B AT oDy, R A R K sty m] DURE AR vl () v o
/K& REFE e URIAE 2010 4E LRTEENT. 2—3 A& 10— 20MWp 247 T el it (i)
SRV, EBENIA ] 30MWp, LS HH AR L G 4Tk

2010—2020 4 1A s E R G SeR sk, 4+ 2010-2020
TEHECAR AN 11, 970MWp, F 2020 4FJE Bt I i (GiEiEs) ek st e HL
12GWp.

& 14, 2006—2010 5= FH 7T i Hh B b RIS LRI (MWp)

i 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
L 2 4 4 5 5 10
it 2006—2010 4F 745511 28MWp
GALA (CJ770/KWp) 5 4.7 | 4.3 | 4.0 | 3.7
By (oo 2.0 | 1.88 | 2.15 | 2.0 | 3.7
&t 2006-2010 FEFr G $%E 11. 73 1476
ST 2 6 10 15 20 30
R R (GWh) 2.6 | 7.8 | 13.0 | 19.5 | 26.0 | 39.0

ke BEIRAEIEI) AR 1300 AN

T, &
Lo AP EAIRGFHORHRED I, AW SR TAYNE / e e s,
R F YR e FL IR 21

2t
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2+ JCARMGTE T E AR B LR i A e, T DGR T L
FHEAMME T 40% (R K,

3y 4T EDGR MR R T R SRR, ARAEAE “Sk/NRK” AP
) L, AN vl 22 A JEURE R RO AR R il 8, o [ AR T A i 52
1| B

4. FEDGAR TR R B E TBOK . iR E )« nl 7 A el fe dhk”
P LSt , 5 3R R R e D 2258, i BEDGAR TN R R 1R 08 S B v] LAV BRI
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Hh ] K FH g RO T 77 b 7 REBIAR K iy s Tt

DRV P EARM BESATIL 2 KB RE L L2 140)
2005. 10

IR PH E A FH A0S RS A BH R4 S RE e A FABE RN A o e R AR AT
FURIRN ] T ZEAHTRBHROK AR - KBS KRB ORBHT . KRB K A S I
AN AL £ 2004 £, IR AR A B AT DL R R PR

m g | AFHRERUKE PN KM | kB | Ak | T

"o ik | OFFmK | Oit) | TH | skt | AR
AR P 1350 R

wtE | oYtk

\ g PR

MR = 6200 2000 50 S P
H

oI ERnT L, OKKH RE UK S CAR A HA — 5 A R B R I i S b, AR SO e 7 A G/ 4

v P ERBH#OK LR IR
TR R R PifE
rh LK BH R R AR T~ B2 70 4748 20 tHEAD 80 44X, T REUREEIK 5
AT, BNV REBERT . K& Bk I ah A K BH g 4R H IR 5T
AR, DRPORFAIFOK S Rl AR 77 i oA 5 1 — S8 2 P i3 A AR 4R e A
ERBEWETEE.. N “LH” 2 “+H” PRHEEOC, B — KRR S R AL
ARy, e AR AT HORBHAE IS . AT B N BH AR AR KA
P BT HOKAR S, JCH RSB I 8- A / B e s s KB4
P HAR ST Ak, A3 7 3R E K g R - P AR . 1996 4FLL
A KPBHHAOK 7= PR B A 3, 70%6A_E. 1996 4 )5, JL28 8 BUORBHHwK
ML AT T, IO 3 87. 5%LL
FENb R R
Pk KB R AR 28 72 TR IE R BH BeA FH o N 532 7 A R e d s )
OXBHBE™ o FHIRIE [ 3 T8 AE 7™ 142 B L 45 R BH AR AR B RHE K P L il
FER L A=A A T [ BRA5E KT, HA P AR, AT e i [ b 364 )
FEIR FHHUK Bk 300 435K, 4E77{H 120 ZALTT, WIS TR T JJA RN T,
P RS . TRERUE B R IR AR R, A TS TS SR IR
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TAPRHFI BI04 S AR ATV A S, 16— P I BB TR A K ()3 2 1
NI

PR TR AR BH B2 LR 20 20 90 FEACR WLk & ek, A7~
1998 4F 350 J7 1 U7 KK 3 2004 1 1350 J3°FJ7K/4E, BUKES B RE
1998 4E 1 1500 J5~FJ7 K48 K51 2004 418 6200 J7F 5K, 3G RKIiLH
7.8%, FHEEE 200 214470, JER— & B .

®1-—-1 1998 fE—2004 FERMHAKBE R, BRERE

H4y | R (5K | B EEEK (%) | 58 (FFEFK) | L EEEK (%)
1998 350 1500
1999 500 43 2000 33
2000 640 28 2600 30
2001 820 28 3200 23
2002 1000 22 4000 25
2003 1200 20 5000 25
2004 1350 12.5 6200 24
7000
6000
5000 N .
O FEr & U5
4000
3000
2000 B AR IR
1000F
1998 1999 2000 2001 2002 2003 2004

B 1--1 1998 F£—2004 FERFHBUKIE BB E B A 28K

FEahe HETERE B OKBHAK A SR 2 B R4 PR R R3S . 2004
T, B EAE K FHH K S SIA B 1350 J7 V5 K Hrh B oK P & 1180
JIPTK, AR R 87.5%, SPARHAUKER RN 152.5 J1F UK, RS E )
11.3%, RIMRSHOKES =8 16.2 JI Pk, SRR 1.2%.
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11. 3% 1. 2%
o BT
m i E
O Fe-Hin
27. 5%

B 1—2 2003 FEAFHBUKEEF= M 51

F B ] AT RS RH T A 11 A 30 B0 2 5 K BH FAK 2 A2 L P H RTI E900 7
2001 FER RIS FHUKES, S E 638 J1F UK, HE 2000 AEHE K 61. 1% .
2002 4F g = gk 3 855 J7 P UK, ALK K 34% . 2003 45 &8 1050 Ji°F
Tk, R 22. 8% . HARE LA UK 10 15K it

M. KBAFUKIS TR ARG . R B . 2001 444
JKE BV 780 J1F 7oK, EE 2000 AFEHE K 27, 8%; 2002 4F S EL F] 960 J T
ik, ALK 23, 1%. 2003 4E R4S 1140 J7 752K, [FIELHEK: 18, 8%. & [FE K
FHHOK 2 HATC o NE RIS, HE 30 2AES, 2004 461 OFUE T )70,

*®1-—2 1998—2003 SERFHPVKBHERE

4 WER 7K P EEEHEK %
1998 340

1999 480 41

2000 610 27

2001 780 27.8
2002 960 23.1
2003 1140 18. 8

1.3 ARPFHBUKEH TREALN A
® 7 RIKRHAK A B BCA FKEEH HUK i 44

M R AR B BN RIS, 384T AR S AR T2 e a2, KFHFAOK
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A i R 2 ARG T AR P B3GR R 3K, BT EUP FH R B #OK 28 1 117 3
HRAFED ETE. 2001 4F =Pk g8 4 [ FBE 5 #5008 - A HUKER 20. 5%,
FLHK S 11, 2%, KFHHUKEE 5. 7% (LA 2001 4R EAHEED . i3] 2004 4£=
FhHOK 3% 54 ZW 40 DIk F) 22. 9%, 15. 4%H1 12. 3%, KHHKEED =K, 1
Yy sz i 4R T

® KFHEeHUKIR ERFL G 1 TGN 2 S a5 e i A

2002 FFATE K AEFAERE R BEREN 27.5%, IO ARt 2 4.5 12 A A,
] 2020 4, GEIAEFERT ELBIRMERE 5 3] 23%~25% /A0, 2 7.6~7.9 ALIEFR
B, TER] 2010 47, KBHAKZREM AL E] 1.5 124 o', FRARRER 2500 Sy
PRvERE, 2R PH UK 28 ML S 3.0 12 m?, FEEACHEIR 5000 J7mikrifEdt. A B
POK BRI B T @R AEREN 6.5% /A, REIUAER 6 f%; J2& 2020 fEAEYH
S 30 AZMEFRIE ) 1.6%, 1] WK BH BEXTEEHT Y BEFN S BE IR 75 3K K DTk 2 1R K11 o

TEFE K BURI LT, A S 1R 2 KB Re sy X . BEE K e
AR A AR TAE ISR Bk, B A ) 75 SR A i i K . e dirh,
PR TEAH L P O A N X R F K B HOK BRI AR IS UK AR N, TR
A R AR AR R BH KA AE TR BN (R e #H oK T, K
FHREHVK S TR N HIEAEE S, DA A KIRRE.

o REETHEINA

KBHEER MR AR CEIFHE NS B 1998 4F 1 H, HoRHsE M
REVANIT T BT S oh T s RO BH e S HBUK R 48, A6 MV T #igqT. H
L A FHRUKIRE 65°C~T75°C, AEIGHUKIREE 55°C~60C, KH 500 *F-J7K
RSP IEY , — & LOOKW PRI A L, ] 2 B i 600 ~F-J7 K i)
PR BT o AL ORBH BB AE Ll AR 48 FLol i i Bl 100kw K FHREZS M R 48, KH]
#E XA E RN PRSI PRI AL 2003 FEAEA HLAT A 2 1k
100 T RLAPBHAEIGAR A FEAT 300 T FLOKPHBERBE S AN ZE G R TU R,
PT84 R R BH e o HAlb e . 2 SRIEAIIL AR TG HUK . ASRya It H K 4K
FHEER 5 AR 45 s A RPHREY G, R R A R s FEd, 787
R T OKBARERI I g o bRt R KB A Tk A7 BR A 7 75 b 5 Bz RH L I
“CRrREE ZE S A SURIE” R, SR T BB AR E A
N, AZE P AR AR BE IR 0 /L, R A 5 R OK BH e 5 e 4R 4 S R
MPHE T FEEMHELK

= RERTRIN
RKBA#OK S — M AR MR, &0 AT IS (O R i, Y H]
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IR BHFATK 2 2 A R I T oK B A 3ty ARG, AR AR M A= I il FH FA R RS
20T AR, B2 R R R BRI T 339 1 s K PH 82 18 SR IE
POKISEAR G EFAEE S, W NETREFEN) —SATZ AR SOIMRI T RFEE
RREZTE, 0 PATEA REUE T bl VBRI A e A [ 2ok, AT H R IR e

2.1 HEBFRIF R BIBOR Bk R T ) A0 2 o SR

2. 1. 1 R FUKE AR5

o FIREHS

a. KHMRERIRE, BD KR & AR

b. SR UERETERIZ

c. i BSR4k

d. SR FHHE) 3% WIRG A BE LA, el i 2%

e. PSR M TS .

o SRR EATELENS

a. KN BB LI I O LT AR I

b, FE AT,

® R RIKAR

a.  KRERFRIAS [FAS K R Pl I FAOK 2% 5

b. K REEAE T HAIK S .

o KFHHKRSG

a. KESMEFERRRPIKIAHOKRG, Wil i s il — g9 24091
BeAT AR, i S [ B A 24

b.  FFRAKFHHIK RGN AT AR CRER A

£ 2020 ORI HAKEIAR, ARAEAKN B, @2 RH . Pl Js
B R E BRI HEKA, A B R K BH BRI B A N T,k

IR BHBEA B A% U Bk 3 52 A, B R ) 2277y e, RTHIARHET NV H
FEASZHL VAL o

2. 1. 2 FRESEARKTFEMTR

FF R OKFH Be AR I v il e AR, ZEIE KR A S ARV Y FH ) JHL e At )
A58 FH K BH fie AR FH R s

AT KBHREAR BRI K, 513G B SEOR, IF55 ) SEELE ™~ 4k,
iy 2010 AFFTEEZ IR PLAORPH REH HL 3

2| 2015 AR FHE R il M 5 AR ZE 0k BRI [ Br 7K -

2. 1.3 PNV R T [0 AT E p{ Uk

RT3 1A
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®  JE AR AL T Ml A R R K BH #OK T35 (1 TR LR AR
® IO FHHGKAE FHYE I, I8 7 ) oAt 3 FH Ak % R 5
® T IARM IR /N ISR RUK TR, N R BHAUK 83 1
T,
B A
KBHBESE s S HHOK TR R4
P NEERSESTRARE s RSN
OXBH BE R B8 2 A i A AR
EEIE W N EIZE %N
N BHRE AR LA
XBHBE TR AR S e T AN N
®  KPFHRET m A AR (FAkHD
2.2 TR R
AFHBERAI AT T E R
® _KFHFAUKEEAEATRE. FAORIIMERE, 22 KHPRER
St T 2SO IR R, RIEE AT GRA E R R AR K
EHE LT ARG, B E LT RN m, o RS
% N RUK I BB 2 PR eE, 2] 2020 4F, HIRE AN FRAL LI,
N R TG EAEEHOKY) 40kg, A EAEFR R ERIEFIZ) 200 {20 J i 3 E K
FHHUK SR Sk B 3 44 m*, A P2 AR AR VG UK 130 AZME, W] 1545 #1244 1350 12
TR, b SKE R 65%.

T R i) | Bk O | READ (O | T AEEE ()

2004 1100~1200 6200 13 47
2010 2600~3000 15000 13.71 109
2020 4500~5000 30000 14. 3 210

o REFMS G A— PRI

o SYITR] B FE R 5 B bt R DLASHR (T A e, AR TE 58
PRI B IR T AR 27 A4~FT7: 2005 AFEIRER E RS AT by @i AL n &) 22
IR, SRS B RS EE . B KRR s SR A AR
BB 5E, SEHUR IRAEAE 6. S nTEkRSE H nl fF,  ICREAR R I HES) ARH #
IKEAERS BN T30

® MEHEBITIHE KT

A 13 CANE, T ERFAEARN, KRB E R, SERITIR
Lok, ARATL TG IAR L, R A AR AN 06 AR 35 K 0 7 SRR
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2000 IR E R 53 BB KR AL 175 42°F K, RS 15 KB 85 12
K, XFEAMELE A B AR AA B 260 12 F 7K. #2020 4E, G0 RARKK
FHFATK AR I L3RBT 25%, AR KBHAKZ A =KL 2] 1.7 ~1.8
1Tk, G ELR R 60% AT, MORTERIEE, Bk bk, Bk
Ff R AR /I FE A= FH e e 21 FE VR o A BRI A BRI ReAE o H
R, TR R RAEA ST EAUEATTHU, IXEEHh TTREAR R KBH K2R
Wit THLE,

2.3 TERUS A BAE Ebr 35 ) Rk

RBAFIKEAE A —AF 2\, BEE BRI ART R R, [H 5 K]
AR PP AR, DKW BERIAR 5 0 B, BE & KPR AR P pi ok I
SR S HEB R BHAKES PR e 2 AR Dl Jml, DAl
h A, DLHARIED NS, Insmzmite s, BE Mg, B0 sr Al
Bk, 7= ibrdEdl, HORE =GR et

FE] A OG0 T IR 7 25 20 OG0T 2 FF Uh oK K BH AR 48 BT e A1 37 40
ANHBH R R, B8 IR HAR S Bire BV & 0 SCF e R, S m Rk L
REAR BN 5 KL B BHIF AL SEAT 2 S, FF R OKBH REFAR]
BIBCARFF = s B AN B R N T B, $Eah g DAL 4k
IR T K FNEARBHE R, B m Al | F a8 e

B 5K A DGR 1 IEAE AR AR A GRSt T R AR, SR M e s K, 4
w7 R AV R, BEARAR T A BN T ROB RO B e, BN
PES R RTRLRS R N e, TR A B AR R
(4= s 51 g R R = b G5 AR, Sl AN S e R BH oK 28 TRE
Lhe MM =R . il E T 5 S, A%, B
A EBr s 7 0 BRs =k

=. FEXHAVKELE TSR BRFEAR

3.1 BRI R MBI KRR

o HAFREHRA

H LK BH K A8 I =M i 2 W0l sz 21 B R B B o B KRN 7 BUR AL T
— RYNT AT PR BRI 5 K BH s AR BRI R I H . AW KRHEFEN,
FHEBOG, 863 7KL 973 vH4l. BB ARG (NEZRAE “Bh” - “\R” .
JUR” A AT AN TAETERIAA, SNBSS S 3 T 3 T
Ji~ 6 TR AT HANRM, “+37 B 863 vHRIFEA 1.8 NIRRT, ik
FHRAOK ISR BOCH BE AR —. fEHR EIE T2 T REUR, FlinE 2
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B “Bh” A, N WRIHRE RO, HEC 5 HOKE e =
87.5%LA .

o EHEMEHIH

H I OK BH AR AT MY ) PR 5 Ji 5 ORIV B RR RN S H 2 43 AN IR o 18 5K LA
B bRk B 55 7 AW I RAZAT I N, St . i — ATk
R, 1987-1997 4F, HFEE KR 1. 2 42 T0HH D Sk vl f AR e U Al 1)
Fodde, b asE T —HORH B NI T4k 2002 4, B SR T
DU E ik a4t 1. 75 {2703 LA 1.3 4470, MR F] 3000 )70, Wt
Aw) 1500 J3I0, JRREA G EOE AT PN T e T BUR RS T T AR
WS HE, Widb st dkak 800 Jysh 5 KIHaeR AR A |], DT 5000 J145dk
(R SN E RIS = N

® 7 DIAb A E AR EIBT & O

H K BH K ZRAT I AE B AR CBOR I 515 R, BRI, AR T
DAY A 2 1), BA s 1R SR U LGk SCPE R B B TUF AR R o i e f
I 1 TF AL AR W S B — R/ BRI PR BOR R B (R LD,
AL LE AR A (7 ST A s 1L AR S T E R B TR A T S A R
B RESEEG 5, SRR e K2 T LRI R GE R R AR i
54 [ R A v D T A AR R A A s A S Ak S 5835 T K B R R A A
AR R HoAth A A AE 12 87 1) 3 4 1N 28 25 ARV RIE R LA o JEA LA
B O OB S JR =L

3.2 P RERIE AR

®  KFHHUKSEIREAL A RIS T L

FIHETRIE, FE O 16 TUKBHAK B S ArHE, BAK 3 AT FRiTE,
WA R BT B R B IR SR BRFRAEAAR R, A e FER BHFAoK 3 77 M A e F T b
T T B ARVE R o

® AT A I AHAEE R

h AR 3 I K BH A P b PR A B S, s v LK BH AR EA T DI AL g
N, RERSEARERKSEF LS (UNDP) /ARSI 4 (GEF) “Jnid
FE] vy AR R Ak e D e ise” T H SRR R SRR BH AR K 2% RS O R A
HIF e SAE TAE. HarCfrdbnts B BB s — > B K BH oK 287 i
LA, HEAEIE R R R FH AR = e, JF T 2004 4241
BNIZAT, FREOKHHOK A= SR AV AR B AT B B

3.3 ERILE

71 2005 4F 2 J] 28 HE T m B AN RAE RS W 55ZE R4 5 Tk UGE
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Strategies and Policies on

Promoting Massive Renewable Energy Development

He Jiankun, Zhang Xiliang
(Institute of Nuclear and New Energy Technology Tsinghua University )

Exploitation and utilization of renewable energy are China’s significant fields and
ultimate approaches to establish a sustainable energy system and national
development. Renewable energy technologies are national strategic fields in high-tech
development, and the core technologies reflect the integrated competence of nation.
Promoting greatly the exploitation and utilization of renewable energy and possessing
of core technologies with owned intellectual property must take precedence in
national medium-long term energy strategy and science & technology planning.

Different definitions of the range of renewable energy are stated in different research
area. Here that mainly refers to wind power, solar energy, small hydropower (the
capacity is no more than S0MW, including SOMW), biomass (not including traditional
straw, firewood and organic waste combustion, etc.), geothermal energy, ocean energy
and other non-fossil fuel and renewable energy directly from nature.

1. The significance of greatly developing renewable energy

1.1 Keep pace with the high-speed of the worldwide renewable development,
decrease the gaps between China and developed countries, and promote the
renewable energy industry and technology innovation

At present, the renewable energy technologies develop rapidly in the world. The
global annual growth of wind power and solar PV power is as high as 30% in past few
years. The cost of wind power plant in EU decreased by 20% in past 5 years, being
competitive with general power plant and stepping into large developing stage. The
solar PV power investment can decrease to $1/W, and be into business promotion
phase. China has quite good base of exploitation and utilization of renewable energy.
The capacity of small hydropower is 2,849 kW, 400,000 kW of wind power, and
1,000,000 kW of biomass. Solar hot water heaters were fixed by 40,000,000 m’,
ranking first in the world. Small hydropower technologies are worldwide advanced
(the exploitations of hydropower in developed countries are almost over now); wind
power industry is just beginning; biomass power technologies have well developed,
but in contrast with advanced world-class the integrated technology and costs are less
competitive. China should take the chance to develop the renewable energy
technologies and industries by strides, by both our own researches and package
1mports.
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1.2 Exploitation and utilization of renewable energy are the ultimate approaches
to release bottleneck restriction of resource and the pressure from environment
pollutions, and ensure sustainable energy supply and economy and society
development.

China is confronted with the urgency both from the shortage of energy supply and
environment pollutions. The GDP in year 2002 will quadruple the one in 2000 in
China’ development planning and the demand of energy will rise to 2,500-3,300 Mtce.
At that time, the pressures come not only from the national resource and energy
supply capacity, but also from the oil import dependence as high as over 60%. The
energy supply security faces big challenges. China’s energy consumption mainly
depends on coal. Such pattern results in serious environment pollutions. 70%-90% of
air pollutions as SO,, NOy and dust are from coal burning. The acid rain falls over
one-third countrywide area. The economic loss of damage caused by air pollutions
already reached 2%-3% of GDP. Worldwide, the global warming is mostly due to the
emission of CO; by fossil fuel burning. The China’s CO; emission in year 2000 was
13% of the one of the world. In 2030, it may be the biggest emission country, even
more than USA. Although the developing countries can not fulfill the absolute and
imperative obligation of CO, emission reduction, China will facing more and more
pressures in the future international negotiations as long as the developed countries
perform the emission reduction requirement. Exploitation and utilization of renewable
energy are the crucial means to react to the climate change by technology innovation
and strategy against the climate change China should map and take out.

1.3 Exploitation and utilization of renewable energy are the significant
approaches to solve rural basic power and energy consumption problems.

Solving the problems of the remote rural off-grid power consumption is one target of
China’s a Well-off Society construction thought and policy landscape. There are 7
million households and 2.9 million people without power supply. Small-scale off-grid
and consumer power systems, such as photovoltaic power system, wind-photovoltaic
and wind-firewood power system, micro-hydropower and biogas project, are the
efficient solution to remote rural area power supply. China has developed 33 MW of
micro-wind-power, 920 kWp of small photovoltaic power and 174 MW of
micro-hydropower, and succeeded in supplying 570,000 farmers power consumption.
Rural passive-pattern sun space and biogas system is becoming the important means
to rural households power use. There are more than 10,000,000 rural household
biogas systems, producing 3,700,000,000 m® of methane annually, and 26,600,000 m*
passive-pattern sun spaces. Meantime, the positive promotion of rural renewable
energy integrated utilization eco-agriculture pattern, considering all the energy,
environment and economy benefits, will contribute greatly to rural sustainable
development. Promoting the exploitation and utilization of renewable energy have
significance to economy development, environment protection and Well-off Society
construction in remote rural areas.
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1.4 The technology innovation in the renewable energy fields will be more crucial
in the national integrated competence in the future

Renewable energy is crucial support of future sustainable energy system. According to
predictions of UNDP and other international institutions, in the second half of the 21%
century, the renewable energy will gradually replace the general fossil fuel energy and
take the primary position. The technology innovation capability in the renewable
energy fields will be the crucial part in the national integrated competence, and also
safeguard of national economy, society development and security. At present,
enhancing system construction of promoting renewable energy development have
prominent foresighted and strategic significance. Meantime, the core solution to slow
the climate change is technology innovation. Large-scale exploitation and utilization
of renewable energy, reducing the CO, emission, are the important field to slow the
climate change. And that will be a weighted drive to promote the technology
innovation in energy fields in China, and offer a historic chance to develop by strides,
and transit to a sustainable system.

2. The development potential of renewable energy in China
2.1 The exploitation potential of renewable energy resource is considerable

The area of China is large and the renewable energy resources are rich in variety and
amounts, widespread all over the country. The annual radiant quantity of solar energy
is 3,300 MJ/m**year- 8,400 MJ/m?*year. Two-thirds of country area can receive over
6,000 MJ/m**year (200 W/ m?), more than 2000 hours/year of sunlight (as 2,400
Btce/year). If the technology is feasible and the cost is acceptable, the exploitation and
utilization of solar energy resource can be infinite. The overall reserves of onshore
wind energy resource in 10 meters high above the land in China is about 3,226 GW, in
which 253 GW can be exploited and utilized. The one offshore is 750 GW. Totally,
there is 1,000 GW. China has large amount of hydropower resources, and hereinto 128
GW of exploitable small hydropower resource, producing 450 GkWh annually, 29.7%
of exploitable hydropower resource, ranking the first in the world. The biomass
resource is also considerable. Present annual output of crop straw is 0.7 Gton, and
some that 50% can be used as energy is 0.35 Gton. The sound annual exploitation of
firewood is 0.22 Gton. The resource potential of biogas converted from the organic
industrial wastes and agricultural residues is 31 Gm’. And the crop straw, firewood
and wastes resource are increasing all the times. Besides, there will be double or more
biomass resource potential in the future by planting bio-energy crops in low quality
farms, and improving the breeding of self-sow bio-energy crops. China has a
thousands kilometers of coastline, and variety of ocean energy resources such as tidal
energy, ocean wave energy, ocean thermal energy and ocean salinity energy.
According to the experts’ estimation, the exploitable and utilizable quantity is 50 GW,
and the tidal energy available now is 22 GW. China has plenty of geothermal energy
mainly including low and mid temperature. The recourse potential is as much as 7.9%
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of the world. The total basin potential is as much as 200 Gtce. Hereinto, there are 6
GW of high temperature power and 3.3 Btce of low and mid temperature power.

2.2 The exploitation landscape of China’ renewable energy is bright and wide

The conversion quantity from renewable energy resource potential to utilizable power
is mainly due to the development of conversion technologies, the scale of the
exploitation and the promotion of the government policy. According to the future
development of renewable technologies, the improvement of market environment and
the support of government policy, the exploitation landscape of China’s renewable
energy is bright and wide.

(1) Small hydropower is the most available resource to be largely exploited and
utilized before 2020. The small hydropower capacity was 28.4 GW, and this will rise
to 80 GW in 2020, as 63% of the exploitable quantity, and 100 GW in 2050, as 80%
of the exploitable quantity.

(2) The wind power is qualified to develop by strides. The capacity in 2002 already
reached 0.4 GW, and the target of 20 GW in 2020 (made by the State Development
and Reform Commission) can entirely exceeded. And the total capacity will rise to
300 GW, as 30% of the exploitable quantity. At the appointed time, the wind power
will be an important sort of renewable energy power.

(3) The solar photovoltaic power will step into the golden development period. At
present, the quantity of solar photovoltaic power is much smaller than that of small
hydropower and wind power. The number will rise to 1 GW in 2020. As long as the
advancement of the technology, development of the scale and reduction of initial
investment and electricity generation cost, the solar photovoltaic power will develop
rapidly after 2020. The total capacity of hundreds of GW can be expected. Besides the
solar photovoltaic power, the solar thermal utilization is also important. The solar hot
water heater and sun space technologies are well used. The development of integrated
solar architecture technology will bring a bright future to solar thermal power
utilization. 40,000,000 m” of solar hot water heaters were fixed in 2002, ranking the
first in the world. The number will rise to 0.3 Gm” as 36 Mtce in 2020 and 2 Gm” as
240 Mtce in 2050.

(4) Biomass energy is most potential renewable energy resources for its variety of
species and conversion technologies and increasing quantity. It can convert to the
thermal energy or liquid fuel besides the electricity power. The biomass power
capacity was 1 MW in 2002. And this number will rise to 20 MW by the new
electricity generation technologies e.g. efficient combustion of crop straw and
firewood, gasification and biogas. Meantime, the total biomass utilization plans to
reach 0.11 Gtce through greatly developing other using like biomass fuel, bio-diesel
and residential alcohol and the 0.4 Gtce can be expected in 2050.
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(5) The development of geothermal energy and ocean energy are affected by the
technology and geography position, and will properly performed before 2050 with a
bright landscape.

3. The strategic position of renewable energy in China’s energy system

3.1 The renewable energy will be the main support of the transition to global
sustainable energy system in the second half of the 21st century

Since the 1970’s, the developed countries pay more and more attention to the energy
security supply on account of the oil crisis. The research of renewable technology
have widely stressed and developed by strides. Since the 1990°s, the larger drive from
developed countries’ claim of reducing and slowing CO2 emission against the global
climate change problems have promoted large-scale renewable energy industry
developing rapidly. The development of renewable energy becomes the core measures
for EU and other development countries against the global climate change. Germany
and UK declared by lawmaking that the renewable energy will rise to 20% of the
primary energy consumption in 2020. And EU proposal the long-term target of 50% in
2050. In the second half of the 21* century, the renewable energy will gradually
replace the general fossil fuel energy and take the primary position. Then the
harmonious and sustainable development between energy and social economy can be
expected.

3.2 The scenario analysis of China’s future economy, society development and
energy demand

China government has made the target of All-round Well-off society construction in
2020. The GDP of 2020 will quadruple the one of 2000, and GDP per capita will
reach $3,000.

At present, China is in the first and mid phase of industrialization, the heavy chemical
industry is developing rapidly, and people lead from a dress warmly and eat one’s fill
life to a well-off life. Hence the energy demand is sharp increasing. From the point of
view in all the national researches, the energy demand quantity will rise to 2.5-3.3
Gtce in 2020, based on the situations that China takes the full advantage of energy
efficiency potential, greatly promotes the measures to save energy, improves the
industry structure, and optimizes the energy structure. It means big pressure to
China’s energy system mainly depending on coal. The environment pollution and
energy supply will be confronted with a series of problems. The oil import
dependence will exceed 50%, and that brings serious threaten to national energy
security. Table 3.1 shows one scenario analysis of China’s future economy
development and energy consumption. The exploitation and utilization of renewable
energy in the future certainly will be the main solution to transition to a sustainable
energy system.
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In the year 2050, China’ GDP per capita will exceed $10,000 (at 2000 constant prices),
the state ultimately achieves modernization. At the appointed time, the energy
consumption will rise to about 5 Gtce. From the year 2020 to 2050, the energy
consumption elasticity is about 0.35, as the class of developed countries. China will
fulfill the industrialization and modernization by lower energy consumption.

Table 3.1 The reference scenario of China’s future economy, energy and carbon emission

2000 2020 2050
Population 12.62 14.27 15.61
GDP (10° dollars, at 2000constant prices) 1079.7 4319 17628
GDP Per Capita ($/capita, at 2000constant prices) 856 3027 11290
Primary Energy Consumption (Mtce) 1303 3000 5000

GDP Energy Intensity (kgce/dollar) 1.21 0.69 0.28

GDP Annual Growth Rate (%) 7.2 4.8

Energy Consumption Elasticity 0.59 0.35

GDP Energy Intensity Descent Rate (%) 2.8 3.0

3.3 The significance of renewable energy in the future energy system

According to the target of future development and estimation of the renewable energy
technology, the scenario analysis of future energy system structure is given in Table
3.2. In the scenario analysis, the develop scales of the future renewable energy are
more conservative than landscape of the renewable energy in the Chapter 2.2. The
hydropower, wind power, solar energy and other renewable energy electricity
generation in the table are calculated as the primary energy equivalent by current
average energy consumption of electricity generation.

Until 2020, the renewable energy (not including large-scale hydropower) is as much
as 8.6% of the primary energy, and will play a positive role in energy supply. Until
2050, the renewable energy proportion will rise to 21.6% (27.5%, including
large-scale hydropower). The coal consumption in primary energy structure will
decrease to 53.7% in 2020, and below 40% in 2050. The primary energy structure
mainly depending on coal will be radically changed. The oil demand in 2020 will be
0.45 Gton, the production of crude oil will be 0.18-0.20 Gton, the import quantity will
exceed 0.25 Gton, and the import dependence will be about 60%. The demand of new
liquid fuel will be mainly fulfilled by liquefied coal and biofuel, or replaced by natural
gas and fuel cells. The oil consumption is not expected to sharp increase. The
development of natural gas is still in the youth period, and the annual production will
continually increase. The number will rise to 100 Gm’, but the demand will rise to
160-200 Gm”. So the large-scale import will be required. From 2020 to 2050, 3% of
annual growth rate is possible to keep. Until 2020, the nuclear power capacity will be
available of 36 GW, and 200 GW in 2050. And other energy supplies should depend
on renewable energy. From 2002 to 2050, according to the quadruple GDP and 4.8%
annual growth rate, in the year 2050, China’ GDP per capita will exceed $10,000 (at
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2000 constant prices). At the appointed time, the energy consumption will rise to
about 5 Gtce. The renewable energy will play a more and more crucial role in national
energy system. The new increasing energy demand of the economy and society
development will be fulfilled mainly depending on development of the renewable
energy and transition to a sustainable energy system.

Until 2020, the renewable energy power capacity (including large-scale hydropower)
is 31.8% of the total 1000 GW, and the energy consumption in electricity generation
have a proportion of 49% of the primary energy. Until 2050, the total power capacity
will exceed 2000 GW, and 52% of the primary energy consumption. In such power
capacity, the renewable energy will be 32.4% (43.1%, including large-scale
hydropower). The detail is showed in Table 3.3.

Table 3.2 The scenario analysis of future energy consumption structure

2020 2050
Mtce % Mtce %
Coal 1611 53.7 1970 39.4
Oil 643 21.4 720 14.4
Natural Gas 213 7.1 546 10.9
Nuclear 71 2.3 388 7.8
Hydropower 300 10.0 416 8.3
Small hydropower 96 3.2 120 24
Wind 16 0.5 205 4.1
Biomass 110 3.6 400 8.0
Solar 36 1.2 320 6.4
Others 35 0.7
Total 3,000 100.0 5,000 100.0

Table 3.3 The scenario analysis of future power capacity structure

2020 2050

Power GW % GW %
Coal 563 59.2 800 38.6
Natural Gas 60 6.3 180 8.7
Nuclear 36 3.8 200 9.7
Hydropower 250 23.6 320 15.5

Small hydropower 80 8.4 100 4.8
Wind 20 2.1 250 12.1
Biomass 20 2.1 200 9.7
Solar 1.0 0.1 100 4.8
Others 20.0 1.0
Total 951 100.0 2070 100.0

The renewable energy will play a more and more crucial role in national energy
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system. It is ultimate approaches against the urgency both from the shortage of energy
resource and environment pollutions, and also the weighted support to build a
sustainable energy system in the future. China should make long-term development
strategy, overcome the drawbacks in system and market, and constitute efficient
encourage policy to promote the large-scale renewable energy development.

4. The strategic thinking and target of renewable energy development
4.1 The strategic thinking of renewable energy development

The strategic thinking of renewable energy development can be generalized as follow
the guideline of “target-leading, state-supporting, market-driving, technology
innovating, enterprise-competing and public-participating”, conducted by the state
strategic targets of renewable energy development, guaranteed by laws, rules, taxes
and other economic encouragement policy, droved by the urgency from the bottleneck
restriction of resource, environment pollutions problems, long-term sustainable
energy supply requirements, national energy security and slowing climate change,
focus on strengthening technology innovation, possessing key technology, reducing
the cost, build perfect market system, promoting renewable technologies
industrialization and advancing enterprise competence, attach importance to
increasing the proportion of renewable energy power generation on grid, develop
renewable energy technology industrialization by strides, meantime, take a important
part in ensuring the energy and power supply in remote rural area and harmonized the
energy, environment, and economy development.

The key to promote the renewable energy development is to orientate the position of
state, all levels of government administration department, enterprise and public, build
the market system to promote the sound development of renewable industry, and push
the renewable enterprise continually innovating and well developed.

4.2 The strategic target of renewable energy development

In order to harmonize with the mid and long-term planning in energy field, the
strategic target of the renewable energy development will be given as in 2020 and in
2050.

The strategic target in 2020: accelerate the development speed of small hydropower,
with the power capacity of 70 GW-80 GW; accelerate the industrialization of wind
power, with the power capacity of 20 GW-30 GW, and biomass electricity generation,
with the power capacity of 10 GW-20 GW; strengthen the research on solar
photovoltaic power and the support to demonstration project, with the power capacity
of over 1 GW; the total power capacity of renewable energy quadruple the one in
2000, and exceed 120 GW; strengthen the promotion of solar thermal energy
utilization and integrated solar architecture technology, with the solar hot water heater
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area of 0.25-0.30 Gm2; the annual production of biomass liquid fuel rise to 15 Mton;
primarily build renewable energy industry and market system, and the proportion of
the renewable energy reach over 10%; ensure the power and energy supply in the rural
off-grid area mainly depending on renewable energy.

The strategic target in 2050: the renewable technology reach advanced world-class,
form the perfect renewable energy industry and market system, form the harmonious
situation of adjusting measures to local conditions, competitive and variety of energy
pattern; the proportion of renewable energy (including large-scale hydropower)in
primary energy reach close to 30%; the proportion of renewable energy power
generation in total power generation exceed one third; prepare the solid base for the
transition to a sustainable energy system mainly depending on renewable energy in
the second half of the 21% century.

4.3 The key research field of the renewable energy technology

According to the strategic thinking and target of renewable energy development, here
comes the conclusion of the key research field of the renewable energy technology:

(1) The wind power technology. The keys are on large capacity of MW, new wind
power machine set with variable speed and screw distance, and off-shore wind field
technology.

(2) The solar energy utilization technology. The key research are on advanced Solar
light-heat transform material, heat collector structure components, new pattern solar
cell material and groupware technology, grid connected and roof solar photovoltaic
power system and integrated solar architecture technology.

(3) Biomass power and fuellization technology. The keys are biomass pyrogenation,
gasification and electricity generation technology, biogas produce and electricity
generation technology, fibrin bio-alcohol raw material, enzyme bio-diesel,
bio-hydrogen generation and integrated urban waste utilization technology.

(4) Other renewable energy technologies, including solar hydrogen generation, new
generation integrated geothermal utilization technology, independent ocean energy
power generation and integrated utilization technology, integrated renewable energy
utilization and complementary system and etc.

5. The policy and measures of promoting renewable energy development
5.1 Definitude the significance of the renewable energy in China’s long-term

energy strategy, and enhance the integrated system constitution of promoting the
renewable energy development
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The rapid and sound development requires the integrated system constitution, to form
the market system of the national law-making, encouragement policy, public
participation, and to promote the renewable energy industry technology innovation
and big shares of market. Currently, we should well understand the important strategic
position of renewable energy in the construction of long-term sustainable energy
system, increase the support to the renewable energy, and create the good market
environment of the renewable energy industry development. Encourage the renewable
energy enterprise to compete and innovate, widely absorb the social capital and
human resource, and make it the new investment hot spot and economy growth zone.
The national administration department should strengthen the adjustment and system
planning, gradually build and improve the system constitution of promoting the
renewable energy sound development.

5.2 Build and improve the market system of renewable energy development,
encourage the innovation, enhance the enterprise competence, and accelerate the
renewable energy industrialization development

Enterprises are the performers of the technology innovation. The key of renewable
energy industrialization development is to advance the technology innovation
capability and marketing competence of the renewable energy enterprises, and to
build the market environment and system to promote the sound development. The
success practices in developed countries indicate that compelling measures and
market rules by national law-making has a crucial effect in promoting the renewable
energy industrialization development. The system constitutions that are widely
promoted in developed countries are quota system, power purchase law (or power
price law), the competitive bidding system (or franchise system). According to the
national conditions, the power price system is befitting. In the “The Renewable
Energy Promotion Law” in the womb of time, such system is considered to adopt, and
combined with the targets of the national renewable energy development, regulate
both the prices and quantity to form the renewable energy promotion system.

5.3 Strengthen the support and government macro-regulation capability, and
create the good policy environment and stage for the renewable energy industry.

China holds a positive attitude to support the renewable energy development, and
there are several administration rules and regional rules. Such policy and measures
greatly promoted the renewable energy development. But the integrated policy system
have not formed, the support sometimes is not enough, and the capital resource and
channels are either not guaranteed. The state should found the special capital on
renewable energy (or public benefit fund, PBF), listed in the national general finance
budget items, and build the special monetary policy financing system to support the
renewable energy research and industrialization development. Meantime, the
government administration department should strengthen the macro-regulation,
intendance of the renewable energy market, regulate the price differences apportion
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system, and create the good market environment to renewable energy industry
development.

5.4 Build and improve technology support and services system, guarantee the
sound development of the renewable energy industry

At present, the renewable energy technologies develop rapidly. That requires the
perfect technology support and services system to regulate and promote the sound
development. Therefore, what we should do is to make the national and industry
standards; positively support the standard institution for renewable energy equipments
and production measures; build the certifications system; foster the renewable energy
technology services market, support the professional renewable energy services
enterprise development and also support the promotions and services of the renewable
energy technologies.

5.5 Strengthen the government responsibility and the general services obligation
of the power grid corporations, and promote the exploitation and utilization of
renewable energy in rural area.

All levels of local governments have the obligation to guarantee the basic power and
energy use in rural area, and the finance means and compelling policy are required for
the power and energy supply in rural area. The exploitation and utilization of
renewable energy, especially the off-grid and residential power generation system, are
the important solution to the power and energy supply in remote rural area. The
government should strengthen the social general services obligation of the power grid
corporations as long as the capital and policy support. The power grid corporations
should take the full advantage of small wind power system, small photovoltaic power
system, wind-solar complementary power system, small hydropower system and other
renewable energy technology off-grid power system and renewable energy household
electricity generation system to supply the basic power and energy use for household
off-grid. The government gives the subsidy in the investment and expenses. Meantime,
positively support and promote the integrated renewable energy utilization patterns
combined with the energy exploitation, environment protection and economic benefits,
and make the exploitation and utilization of renewable energy the crucial solutions to
Problems of China's Agriculture, Rural Areas and Farmers.

5.6 Strengthen the research and technology innovations in the renewable energy
filed, and take into national mid and long term science planning as the prior field

Renewable energy technologies are national strategic fields in high-tech development,
the core technology to the sustainable energy system, and also the important symbol
reflecting the state integrated science strength and competence. China should follow
the guideline of combination of self research and technology import, possess the core
technologies, and fulfill industrialization. Currently, the key technology of the
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large-scale exploitation and utilization of renewable energy should be taken into
national mid and long term science planning as the prior field, increase the research
investment and give great support. In the process of renewable energy technology
research and industrialization, dell with the relation between the long-term key target
and short-term industrialization, the relation between package import and self research,
the relation between the mainstream technology roadmap and innovation technology
roadmap, and the relation between the research projects competition and platform
building of science capability, to form and prove the science and technology
innovation system in national energy field.

5.7 Strengthen the renewable energy information spread and the public
awareness cultivation, and attract the wide participation in the exploitation and
utilization of renewable energy

The foreign practices proved that the wide public participation and public opinion
leading have crucial effects on renewable energy development. Enhance and
strengthen the public awareness by the way of information spread, education, training
and popularization of science and technology, encourage the public and the
enterprises self-consciously purchase the renewable energy power, use the renewable
energy production, and participate in the exploitation and utilization of renewable
energy, attract the social investments, initiate the renewable energy generation and
services enterprises, promote the renewable energy development, meantime, public
intendance to government and enterprises of the planning and obligation in the
exploitation and utilization of renewable energy can form the perfect system to
promote the renewable energy development.

5.8 Strengthen the international cooperation, and promote the advanced
renewable energy technology transfer to China

At present, the situation that the renewable energy develops rapidly worldwide be
propitious to the international cooperation. The developed counties pay great attention
to the China’s big market. As long as strengthen the research and industrialization on
the renewable energy technology at home, we should enhance the international
cooperation in research field and the package technology import, positively participate
in bilateral or multilateral international cooperation plan, especially technology
transfer and international cooperation within the framework of “Climate Change
Convention”, import the capital and technology, and promote our state renewable
energy technology and industry development. Meantime, positively support the home
enterprises and research institutes to export the renewable energy technology and
production, and enhance the international competence in China’s renewable energy
fields.
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Status & Prospects of the Small-Scale Hydro Technologies in China

Liu Jinghe
(Ministry of Water Resources)
Oct, 2005

1. The Status of the Hydro Energy Resource
1.1 The Hydro Energy Resource in China

The amount of available hydro energy resource is mainly determined by the surface
flow and the water drop. China has superior natural conditions with plentiful surface
flow and great water drop. In China, there are more than 5000 rivers with watershed
above 1000 km®. 20 of them are more than 1000 km long, more than 1600 of them
have watershed above 1000 km?, and 3019 of them have hydro energy over 10MW,

In China, the theoretical hydro energy potential is 676GW, and the annual generation
is 281.3TWh. The exploitable hydro energy capacity is 378GW, and the annual
generation is 1920TWh. Both of the theoretical and exploitable hydro energy
resources in China rank the first in the World.

The area of China is roughly equal to Brazil, Russia, Canada and U.S.A., the total
amount of the annual surface flow is smaller than these countries. But the hydro
energy resources in China rank the first in the World. That is benefited from the
stepped geographical feature of the high drop between western and eastern of China.
On large area from "the world’s third pole" Qinghai-Tibet Plateau to the coastal plain
which is only 50m above from the sea level, the water drop is over 4000m.

Until the October of 2004, over 100GW hydropower capacity has been installed in
China, which is 26% of the exploitable hydro energy.

Tablel: The Hydro Energy Resource in China

Hydro Energy Potential Hydro Energy Exploitable

) Annual

River System Proportion| Capacity Proportion
MW | GW.h/a Generation
(%) MW) (%)
(GW-h/a)

All Rivers 676047.115922180( 100 378532.4| 1923304 100
Yangzi 268017.7|2347840 39.6 [197243.3| 1027498 534
Huanghe 40548.0 | 355200 6.0 28003.9 116991 6.1
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Zhujiang 33483.7 | 293320 5.0 24850.2 112478 5.8
Hailuan 2944.0 | 25790 0.4 2134.8 5168 0.3
Huai 1446.0 | 12700 0.2 660.1 1894 0.1
Northeast 15306.0 | 134080 23 13707.5 43942 2.3
Southeast 20667.8 | 181050 3.1 13896.8 54741 2.9
Southwest 96901.5 | 848860 14.3 37684.1 | 209868 10.9
Brahmaputra
159743.3|1399350| 23.6 50382.3 | 296858 15.4
& Other Tibet Rivers
North Inland &
36985.5 | 323990 5.5 9969.4 53866 2.8
Sinkiang

Chart 1: The hydro Resource Distributing in China
1.2 The characteristics of Small-scale hydro Resource of China

In China, the small-scale hydro is defined as the small or micro hydropower of which
the capacity is no more than 50MW (including S0MW). Median and small tributary
are all over the country, so the small-scale hydro resources are very abundant.
According to the preliminary statistics, the small-scale hydro resource potential is
160GW, which is equal to 1300TWh annual generation. The amount of exploitable
small-scale hydro resource of which capacity is less than Skw (including 5kw) is
128MkW. Until 2004, the installed small-scale hydro capacity is 38.65MkW, which is
32% of exploitable small-scale hydro resource, 40% of all the installed hydropower
capacity. The small-scale hydro has great potential for development.
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The small-scale hydro resource is distributed in more than 1600 mountain counties,
mainly in the central and west region. 63.6% of all the exploitable small-scale hydro
resource is in the west region, 17.8% in the central region, and18.5% in the east
region. In the west region, only about 9MkW small-scale hydro capacity — which is
12.1% of all exploitable — has been installed. Developing competence is on the low
side, thus there is great development potential.

Table 2 and Chart 2 show the small-scale hydro resource potential and small-scale
hydro resource exploitable in China.

Table 2: Exploitable Medium and Small-scale hydro Resource in China (MW)

Small |Medium Small Medium
Province Total Province Total
Hydro |Hydro Hydro [Hydro

Beijing 90.0 |448.5 [538.5 [Hubei 4036.0 |1592.2 |5627.1

Hebei 939.3 |346.0 [1554.7 |Hunan 4146.0 (2798.2 |6944.2

Shanxi 581.0 [346.0 |927.0 |Guangdong|4166.0 |2313.2 [6479.2

Neimeng 387.0 [1196.0 |1583.0 |Guangxi |2322.0 |2589.0 [4911.0

Liaoning 429.1 |1028.9 |1453.0 |Hainan 397.0 286.3  |683.7

Jilin 1887.9 [1423.1 |3311.0 |Xichuan |5878.0 |12786.3 |18664.3

Heilongjiang|728.0 777.8  |1505.8 |Guizhou (2554.0 |3640.5 [6194.5

Jiangsu 112.0 112.0  |Yunnan 10250.0 [7175.8 |17425.8

Zhejiang 3226.5 |1172.5 [4399.0 |Xizang 16000.0 (2348.0 |18348.0

Anhui 684.5 |450.5 1135 Shanxi 1569.0 [1553.5 |3102.0

Fujian 3594.0 [2724.9 |6318.9 |Gansu 1089.0 [2547.6 |3636.6

Jiangxi 3083.3 [2308.9 |5332.2 |Qinghai  |2000.0 |3214.6 |5214.6

Shandong  (215.0 215.0 |Ningxia (23.0 55.0 78.0
Henan 1031.0 [522.5 |1553.5 |Xinjiang (3979.0 [7287.7 |11226.7
Total 71870.0 [63181.3 (150513

The top 6 provinces where small-scale hydro resource has been exploited most are
Guangdong, Sichuan, Fujian, Yunnan, Hunan, and Zhejiang, the exploited resource
amount is 4,080,000kW, 3,670,000kW, 3,620,000kW, 2,330,000kW, 2,170,000kW
and 2,060,000kW respectively. In 2002 the provinces where the proportion of
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exploited small-scale hydro occupie the top 4 are Guangdong , Fujian , Zhejiang and
Hainan, the proportion is 64% , 52% , 47% and 47% respectively.

2300

2000

1300

O %Fz
O F#F1

Frw
|

1000 e §

g—

E L
B L

wig |:|

s [
A [

ae [
x5 [
B\

o ]:l

RET []
Tt
& |

Sl

72 [
Lk

Em]j

ﬂgmﬂ]

Chart 2: The Small-scale hydro Resource Potential and the Exploited Condition
2. The Present Condition of the Hydropower Technologies Development.

2.1 The Development of the Small-scale hydro Technologies and Industry in
China

The small-scale hydro technologies mainly include basin plan technologies, hydro
building design and construction technologies, generating sets and equipment
manufacturing technologies, hydro power plant computer control technologies, power
grid automatic management technologies, and power transmission and distribution
computer controls technologies

Basin plan technologies are mainly for cascade exploitation of the small basin,
exploitation of the leading reservoir and exploitation of the trans-basin high hydraulic
head hydro power plants. Research on the whole basin is carried out to find out the
scheme that has the most hydro energy resource utilization, the most electricity output,
the most social benefit and the most environmental benefit. At present, the basin
plan technologies for small-scale hydro have been developing rapidly, and have been
spreading all over the country step by step.

The hydro building design and construction technologies are mainly for: (1) block
water buildings like concrete gravity dam, stone masonry arch dam, small stone
masonry multiple-arch buttress dam, concrete arch dam, rubber dam, concrete panel
rock-fill dam, earth-filled dam, etc. (2) water diversion constructions for electricity
generation and water diversion, trans-basin water diversion , siphon intake, etc.
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Hydro building design and construction technologies are great in ratio in investments,
and also restricted by the project progress. So, to develop these technologies can
reduce project investment, and accelerate the construction speed effectively.

The stone masonry arch dam, especially the low-height (lower than 50m) hydropower
project, is widely used in China. Compared with the same-scale stone masonry
gravity dam, 1/2 ~ 1/3 of the project quantities can be saved. The stone masonry
multiple-arch buttress dam, consisting of arch panel and buttresses, is suitable where
river valley is wide, dam is not very high, river bank and basement of the two sides is
firm enough. Compared with the same-scale stone masonry gravity dam, 30% ~ 50%
of the project quantities can be saved.

Siphon intake is widely used in small-scale hydro projects. ~Siphon intake can cut off
water flow quickly, improve the dependability of operation, reduce the operation cost,
and save 20%-30% of the building construction investment. In China, the designed
hydraulic head of siphon intake is 127 m, the max flow of water diversion is 14m’/s.
The capacity of a unit is 3MW. The armored concrete pre-stressing pipeline, which
can be produced as series of finished products, is also used in many small-scale hydro
projects, to use armored concrete pre-stressing pipeline instead of pressure steel pipe
can save more than 30% of the investment.

China has issued the sector standard of the hydraulic turbine of which capacity is
under 50 MW. The bulb turbine is being popularized in low hydraulic head hydro
power plants. To use the bulb turbine instead of the tubular turbine and axial flow
turbine can reduce the size and the weight of the generator set, reduce factory space,
increase efficiency and reduce investment. It is necessary to develop generator set
with bulb turbine, vertical axle flow turbine, mix-flow turbine and impacted turbine.
Assembling and testing generator set in the factory and then transporting and hoisting
it wholly can guarantee the quality of the products and save installation time.
Popularizing 2 fulcrums structure technologies in the design of horizontal generating
set can reduce maintenance, shorten installation and adjustment time, and reduce the
cost of equipment and factory building. Scientific, technological content and
product quality of auxiliary equipment such as governor system and excitation device
have already reached the advanced international level.

Up to now, small-scale hydro technologies have been notably improved. Equipment
begins to turn from the routine to the micro type. Automatic control system enters
the stage of computer digital control. Developed areas have already adopted
dispatch automation system and substation automation system, some hydro power
plants can realize no person operating. Also, technological transformation and
power-saving technologies are widely popularized and applied. Some small-scale
hydro power plants have increase efficiency by changing high-efficient runners, new
excitation devices, and other advanced technologies and equipments, thus have
achieved considerable economic benefits.
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Optimize run and basin cascade dispatch are rapidly developed in China. Cascade
dispatch computer control system for cascade hydro power plant, which adopts
distributed structure and connect with automatic measure system of flood regimen
survey, can automatically receive information such as rainfalls on upper reaches,
water level of the reservoir and other hydrology information, thus optimize the
cascade dispatch.

The power grid for small-scale hydro power plants has been developed rationally,
more reliable and flexible, so it can supply more energy and better quality. The
energy loss of low-voltage wire is reduced from 25% to 12% after alteration. Since
“Standard of SCADA Function for Rural Hydro Power System” (SL/T 53-93) is
issued, the level of automatic dispatch system for rural power grid is being steadily
increased. At present, regional dispatch automation system and country-level
dispatch automation system are adopted all of the country, the function reaches
SCADA specification requirement, and suits for the practical standard. At the same
time, substation automation control system is also popularized, 35KV and 110KV
substation, which adopts computer control system, can realize no person operating.

On the basis of summarizing project experience and research production, the Ministry
of Water Resources has released the technical standard of the trade, including layout,
design, construct, quality, management, test, equipment for small-scale hydro power
plant, which formed the standard system with China's technology features.

China has set up full industry system of small-scale hydro technology and equipment,
consisting of scientific research institutions, universities and colleges, for researching,
testing, and producing. Over 30 scientific research institutions, including China
Institute of Water Resources and Hydropower Research, Hangzhou Rural Power
Institution of Ministry of Water Resources, Electric transmission research institute of
Tianjin, Tsinghua University, China Agricultural University, Huazhong University of
Science & Technology etc., do the research and development of the technology and
equipment for the small-scale hydro. There are over 160 small-scale hydro
equipment manufacturers. Among them, over 20 large-scale equipment
manufacturers such as Dongfeng Electrical Machinery, Chongqing Water Turbine
Works Company Limited, Fuchunjiang Hydropower Equipment Works, mainly
produce mix-flow turbine, axle flow turbine, impacted turbine generator set with unit
capacity under 50000kW; Over 100 medium-scale equipment manufacturers such as
Hangzhou Electric Equipment Works, Lanzhou Electric Corporation, mainly produce
turbine generator set with unit capacity under 10000kW and other auxiliary equipment.
The small-scale hydro equipment manufacturers’ annual production capacity exceeds
2,000 MW. In the past 40 years, they have produced over 24000 small and micro
turbine generator sets including over 5000 turbine generator sets with unit capacity
above 500kW. Now the domestic equipments can meet the needs of the present
development.

3. Development Goal and Technology Prospect for the Small-scale hydro

98



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

Industry

In China, the small-scale hydro is developed to serve local economy, especially the
rural areas. It is considered as an important characteristic that the development of
small-scale hydro is combined with the development of rural economy and
electrification. In the past 20 years, the development of small-scale hydro was
formed as the development of rural electrification in China. As the agricultural
structure being upgraded and the rural economy becoming stronger, small-scale hydro
has entered a new developing period, turned into a multi-objective system to meet
rural electric demand, to reduce the population which cannot enjoy electricity, to
alleviate poverty, to protect environment, and to replace the routine electricity, etc.

3.1 Developing policy for small-scale hydro

(1) To Meet Rural Electric Demand And To Reduce The Population Which Cannot
Enjoy The Convenience Of Electricity

From the fifties of last century till now, to meet the rural electric demand and to
reduce the population which cannot enjoy the convenience of electricity have always
been the major aims of the small-scale hydro development. The local government,
with the help of social fund-raising and people’s hard working, exploits hydropower
resources according to the local conditions, supplies electric power for the economy
development of remote areas. 50 Years have passed, and the small-scale hydro has
turned from mainly for reducing population without electricity to for improving the
power consumption level. Up to now, small-scale hydro has solved over 300 million
people’s non-electricity problem and has provided the basic electricity for 1/2 of the
territory.

The power consumption level of the remote areas of China is still on the low side at
present. Especially in areas at the end of power gird or oft-grid, power consumption
per capita is less than 1/4 of the national countryside. There are still over 10,000,000
people without electricity living in extremely remote areas. Their power demands
are few and separated, it is impossible to meet their power demands by spreading the
power grid. So the development of rural electrification for reducing population
without electricity is still a major aim for exploiting small-scale hydro long in the
future.

(2) To raise the income of the poor population in the rural area

Statistics show that most population below the poverty line distributes in the
intermediate areas between the first ladder and the second ladder. In these areas, the
geographical features are mountain, hills or plateau (mountain mainly). Also, these
areas are at the edge zone of the monsoon climate, suffering violent climatic changes,
soil erosion and fragile ecological environment.
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The economic alternative of the remote poor mountain area is limited. Outdated
traditional agriculture dominates the industrial structure. Because of the lack of
cultivated land, barren soil, low output of crops, there are not enough agricultural
products, many families which cannot raise their incomes are under the national
poverty line. People in remote poor mountain areas either have no electricity or
obtain limited electric consumption. Energy for living and producing are mainly
produced by biomass, manpower and animal power. The lack of electric
infrastructures restricts the development of industry and the upgrading of industry
structure, and that also leads to the poverty.

Exploiting small-scale hydro can promote the development of township enterprise and
family workshop, increase the rural employment opportunity and raise income.
Moreover, hydropower power system with about 100kW capacity, which can not only
meet the power consumption demands of poor families but also provide basic electric
power for producing, has positive function to dispel poverty.

(3) To protect the environment

The small-scale hydro is a type of clean and renewable energy, and it can manage and
protect the ecology environment. The small-scale hydro projects combine river
harnessing and power generation, by constructing a lot of water conservancy and
power generation projects at the source of rivers, using biological, project managing
and many other methods, increase the coverage rate of the vegetations, conserve the
source of water, prevent soil erosion, and manage the small basins comprehensively.
The small-scale hydro can not only improve the local ecological environment, but also
protect and improve the ecological environment of midstream and downstream step
by step. Small-scale hydro can also reduce the reliance on the biological fuel, prevent
forest from being cut down. To use small-scale hydro instead of biological fuel is of
great importance for protecting the environment, especially for reforesting formerly
cultivated land, wildwood reserve, nature reserve and area with serious soil erosion.

(4) To Replace the Routine Energy

As the economy of China is growing fast, the scale of energy production and
consumption is also growing rapidly. Environmental pollution by industrialization
becomes more and more serious, and restricts the economy development. Because
of the limited reserves, non-renewable and high environmental cost of the fossil fuel,
there are potential crisis for the structure of China’s energy supply, which mainly
consists of coal, petroleum, and natural gas. For the purpose of sustainable
development, now the government has determined to expand the scale of the
renewable energy industry instead of the routine energy. In China, the small-scale
hydro resource, which is abundant and widely spread, can be the one of the best
renewable energy that can replace the routine energy. If most of the small-scale
hydro has been well exploited, in 2020 the capacity of small-scale hydro could be
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12% of national electric power capacity. The annual output can reach 640T kWh,
saving 0.2T t coal.

3.2 Developing Goal of the Small-scale hydro Power
(1) Forecast of Electric Power Demand and Supply in 2020

At the 16™ Party Congress, the Party Central Committee put forward: “To build a
well-off society in an all-round way. On the basis of optimized structure and
increased economic returns, efforts will be made to quadruple the GDP of the year
2000, and basically accomplish industrialization by 2020.” At that time, China could
have huge changes on rural social economy, energy supply structure, energy styles for
rural inhabitants, and electric power consumption quantity.

It is estimated that in 2020, as the agricultural production is being modernized and the
average income of rural inhabitants is increasing, the energy style of rural inhabitants
will be changed greatly. The use of biological fuel will decrease and the use of
electric power, petroleum, and natural gas will increase. The rural structure and
styles of energy consumption tend to be the same with the urban. The quantity of
energy consumption will reach the average level of the developed regions’.

It is also estimated that in 2020, the energy consumption for agriculture will be 3.7%
of the total amount. The average energy consumption of rural inhabitants will
increase 10.6% per year, and will reach 600kWh by 2020. In 2020, rural electric
consumption in China will be 590000TWh, 13.4% of all electric consumption in
China, and 12.6% of rural terminal energy consumption.

Statistics show that from the end of the last 90s till the beginning of this century,
China’s capacity of small-scale hydro increased by 6.46% per year on average.
(Table 2) In 2010 the capacity will reach 46990MW, i.e. 37% of the exploitable
resources. In 2020 the capacity will reach 87710MW, i.e. 68.5% of the exploitable
resources. In order to maintain the increasing speed, every year 3320 MW of
small-scale hydro should be constructed.

If it can be supported by the national renewable energy law and modernized before
2015, the small-scale hydro will have the capacity of 70% exploitable resource or
more with 448000TWh annual output, which is about 76% of rural electric
consumption in 2020.

In 2020, small-scale hydro will still supply the electric energy for half of the territory,
1/3 of the provinces and 1/4 of the population. It will also improve the electric
energy quality for agriculture and inhabitants and supply electric energy for new
towns in these areas.
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(2)Developing Route for the Small-scale hydro in China

The guiding ideology of developing the small-scale hydro in China is: Under the
guidance of ‘science and technology as the primary productive forces’, to serve
agriculture countryside and rural inhabitants, to meet the demand of hydropower for
the development of rural economy and society. By modernized technologies and
managements. To focus on the small-scale hydro power plants, power grid
automation and information technologies, to develop technique and process
management for small-scale hydro industry. To guarantee hydropower supply and
quality; to improve the security reliability and efficiency; to strengthen economic
potentiality and market competition ability for small-scale hydro; to provide technical
support for the fast and healthy development of the small-scale hydro.

The development of technologies is following the principles below: Definite objective,
uniform layout, rapid implementation, and properly in advance; advanced
technologies, reliable equipment, simple and convenient control, and efficiency. To
follow national technology standard strictly, first select serialized products. To select
technology and equipment primarily, sometimes import overseas important
technology and equipment.

The development of hydropower technologies is focusing on new materials like the
synthetic material.

For low hydraulic head hydropower, development is focused on small generator set
arranged diversely with shift and frequency conversion.

The powerformer may be adopted in small-scale hydro power plants in the future.

For some hydro power plants, the main parts or the whole power plants have been
prefabricated with box-type small-scale hydro. The output and scale of box-type
small-scale hydro will be enlarged, and the products will also be completely
serialized.

Environment and security take an important part in the design of small-scale hydro.

The cost of construction and maintenance should be reduced, and the ratio of resource
utilization and advance technology development should be increased.

The goal of the technology development is: before 2010, over 50% of the small-scale
hydro power plants and necessary power grid should be modernized. In 2015, the
small-scale hydro industry should be modernized completely. By the innovation of
technique and management, the market competition ability of small-scale hydro will
be improved greatly.

4. Problems and Suggestions for the Small-scale hydro
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4.1 Problems of Small-scale hydro

(1) The small scale. The common problem for the renewable energy in commercial
practice is: the market is comparatively narrow, and the small-scale production lends
to high cost for project equipment. Low energy output results in high energy cost in
producing. In fact, in developed countries small-scale hydro cannot compete with
the routine energy in markets. Restricted by small economic scale, the power
generation cost of small-scale hydro is higher than the routine energy.

(2) The Contradiction between high/low water level and peak/valley electricity.
Most of the small-scale hydro power plants are runoff-type and lack of scheduling.
On one side, generator set has to be stopped to let water pass by or the surplus electric
power will be wasted on high water level or valley load period, on the other side, the
shortage of power supply will happen on low water level or peak load period.

(3) The climate changes. Small-scale hydro power plants are usually designed by
the average annual electricity output estimated by the conditions of hydrology and
hydro-energy. Most of the data are collected before the 80s of last century.
Because of the climate changes these years, the actual condition is quite different
from the designation, thus affected the electricity output.

(4) The low technical and efficiency level. Some small-scale hydro power plants
have been built for a long time. Most of the equipments are old with low technical
and efficiency level. Statistics shows that the operating efficiency under 80% of
generator sets with unit capacity between 500~3000kW is about 54% of all, the
operating efficiency under 80% of generator sets with unit capacity between
3000~12000kW is about 38% of all.

(5) The improper operation. Many reservoir hydro power plants haven’t do enough
analysis on hydrological data, water consumption for power generating (m’/kwh), and
the relationship between hydraulic head and the number of generators. The
non-optimized operation cannot improve the ability of defending flood and increase
the electricity output. The improper operations are also found in runoff small-scale
hydro power plants.

(6) The maintenance and malfunction. Except for regular maintenance, aged
equipment causes many malfunctions, what prolongs maintenance time and decreases
electricity output.

The reducing of the electricity output leads to the increase of construction cost per kW
and electricity generation cost, thus the income generally cannot reach the expected
sum, and the competition ability in market is weakened. In 2002, the electricity
average cost of small-scale hydro power plants in China is 0.06 RMB/kWh, which is
higher than the designed. A spot check about economy in 64 small-scale hydro
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power plants shows that the electricity average cost is 0.05SRMB/kWh, higher than
0.25RMB/kWh which is the average grid-connected price.

4.2 The Problems in System, Market and Policies of Small-scale hydro

Although the technology development makes small-scale hydro more adapted in
commercial field, compared with the whole level of the electric industry, there is still
a long way to go. The main problems are: overall technical level of small-scale
hydro is low, market development is slow, lack of research funds, and impeded
technical achievement transforming channel. Other problems are shown below:

(1) The management system is unsuitable and the responsibility is unclear, which
results in the low efficiency of resource arrangement and many other problems.

(2) Electricity is difficult to be exported. Because of the electricity industry
monopoly and immature market, national power gird and small-scale hydro is
managed by different governmental agencies. Strict limits such as output limit on
high water level period for small-scale hydro power plants makes them difficult to
connect with the power grid.

(3) The electrovalence is unsuitable. There are no standard policies and laws for the
electricity price of the small-scale hydro. The current electricity price, which departs
from the law of price, cannot reflect market demand and supply, and is not suitable for
market resource arrangement and seriously limits the development of the small-scale
hydro.

(4) The public welfare restriction. Some small-scale hydro power plants are attached
to hydraulic projects. Besides electricity generation, they also have functions for
preventing flood, irrigation and water supply. They must first prevent flood and then
supply water, which leads to few or no electricity output when they are storing water
or preventing flood, and extreme low water level operation when irrigating, etc.

(5) The supporting policy is limited. Policies for small-scale hydro are based on
planned economy incentive policies, not on market operating. New incentive
policies for small-scale hydro should be outputted quickly to correct “market distort”
and “policy distort™.

If all the problems above can be solved, the annual output of small-scale hydro will be
30% higher than which is designed. Some of them will be over 50% higher.
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The View on China Future Wind Power Development

Shi Pengfei
(China Hydro Energy Consultants Company)
Expert committee committeeman

1. Wind energy resources
1.1 Wind energy reserves

Our country has a vast territory with a long coastline possessing of resourceful wind
energy. According to the land data at 10 m above ground level from 900 weather
stations throughout the whole country, the average wind power density is estimated at
100w/m2. The total wind energy potential amounts to about 3226 GW. The
exploitable onshore wind energy potential is 253 GW while the offshore sum is 750
GW with a totally exploitable potential about 1000GW. Calculating by full load
equivalent to 2000 hours per year, the annual quantity of electricity to the network
from the onshore wind energy would be 500 TWh, and the offshore wind energy
would provide 1800 TWh by full load equivalent to 2500 hours per year. Those
quantities of electricity add up to 2300 TWh.

1.2 Wind energy distribution

Our country is a huge area with complex orographic condition. The condition and
distribution of wind energy is different when the location and terrain is different.
The spots with plenty wind energy mostly locate in southeast littoral areas, their
nearby islands and north regions. Otherwise, there are some inland spots possessing
abundant wind energy, and the offshore wind resources are rich too.

The rich zone of wind energy in north (northeast, north China, northwest) regions

The rich zone of wind energy in north (northeast, north China, and northwest) regions
spreads in three northeast provinces, Heibei, Inner Mongolia, Gansu, Qinghai, Tibet,
Xingjiang. This zone is almost 200 kilometers wide. The wind farms are plainness,
traffic is convenient, and there is no destructive wind speed. All those regions
connect into the biggest wind energy zone in China and it is easy to construct large
scale wind farm. But the small capacity of local electricity network limits the scale
of wind power. The regions are far from the load center, and it need transmit
electricity for a long distance.

The rich zone of wind energy in southeast littoral areas and nearby islands

This zone includes areas in Shandong, Jiangsu, Shanghai, Zhejiang, Fujian,
Guangdong, Guangxi, Hainan. It is nearly 10 kilometers wide. Considering cold
air in spring and winter, typhoon in summer and autumn and the channel effect of
Taiwan Strait, these areas could be the best among zones of wind energy. These
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littoral areas have a developed economy, and it is convenient to connect wind farms
into the electricity system. Meanwhile, wind power and hydro power complement
each other well in different seasons. But most of these areas have been exploited to
aqua farms or shelter belt, the available land for wind turbines is too narrow.

The inland spots with abundant wind energy

Affected by lakes and special terrains, some inland spots possess abundant wind
energy, such as areas near Poyang Lake in Jiangxi province, Jiugong Mountain,
Lichuan region in Hubei province, etc.

The offshore zone of wind energy

In the eastern part of the country, the area of coast waters with the depth from 2
meters to 15 meters is very huge and rich in wind energy. If estimated by the same
method, the offshore wind power potential will be three times that on shore at 10 m
above ground level, with a number of more than 700 GW. And it is very near to the
electricity load center. Thus, when the offshore wind farm technologies are
practicable and economically feasible, the wind power will surely be one of the
important sustainable energy resources.

2. The development of wind power
2.1 Enlarging the construction scale and normalizing management of wind farms

From the year 1986 when the first demonstration wind farm was built in Rongcheng,
Shandong province, the construction scale of wind farms has been being enlarged
constantly. By the end of 2004, 43 wind farms have been built, with 1292 wind
turbines and a total capacity of 764 MW installed. This is the tenth in the world and
the third in Asia(after India and Japan). Otherwise, the department concerned is
organizing to work out the directive rules about prior period, construction, and
operation of wind power. The management of wind farms becomes more and more
normative.

2.2 The level of professional teams and equipment manufacturing has been
increasing, and we have the qualification to develop large scale wind power.

After practice for many years, we have trained a number of professional teams for the
design, development, construction, operation and management of wind power. We
have basically mastered the manufacturing technologies for large scale wind turbines.
The major components can be made in China. We have already some system makers
for 600 KW and below wind turbines, with overall tests and small-lot manufacturing.
By the end of 2004, the market share of local made wind turbines has reached 18%.
The level of equipment manufacturing has been increasing continuously. We can
design and make 750 KW fixed propeller pitch and rotational speed type, equal to the
international level of mid 1990s. The joint-designed 1200 KW and
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independent-designed 1000 variable propeller pitch and rotational speed types are
installed in 2005, for experimental operations.

2.3 Costs of wind power have been decreasing continuously.

With the forming and developing of wind power industry, costs of wind farm
construction and operation have been decreasing by introducing technologies,
accelerating the localization of wind turbines and enhancing the management of
construction and operation of wind farms. The initial outlay has been decreased
from about 12000 yuan/KW in 1994 to 9000 yuan/KW now; meanwhile the network
price for wind power has been reduced from more than 1 yuan/KWh to 0.6
yuan/KWh.

2.4 1t is regulated in The State Department Electricity Network Price Reform Plan in
2003 that wind power does not engage in market competitions temporally. The
quantities of electricity should be bought by network enterprises at a certain price that
is given by the government or a bid price with priority. The National Development
and Reform Commission began to extend wind power concessions for exploitation in
2003. The exploitation companies and network prices for wind power are confirmed
by bidding. The confirmed companies need to sign contacts with network companies
for selling their wind power and ensuring all the wind power can be sent to the
network. The portion of wind power price that exceeds normal energy will be
allocated in the domain of provinces. This is propitious for all kinds of external and
internal investors to exploit wind power.

2.5 In The China Renewable Energy LAW passed in Feb 28, 2005, it is regulated that
the network price for renewable energy power project is given by state price
governing department according to the characteristics of different types of renewable
energy power and different regions, with the principles for promoting the exploitation
and utilization of renewable energy and for the economical feasibility in reason.
Connect fees cost by network companies for wind power and other reasonable
correlative fees, can be counted into the costs for electricity transmit, and can be
reclaimed in sales prices of electricity. The portion of fees that is used by network
companies to buy renewable energy power according to the article 19, which is higher
than those fees cost by purchasing normal energy power, can be allocated in sales
prices for electricity. The Act makes the specialty of wind power concession
projects into general rules by law, so the future development of wind power will be
brought into the frame of laws.

3. Existing problems
3.1 Resources

It is necessary to begin the second wind energy census. On the basis of observing
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data from existing weather stations, we should assess the total amount of wind
resources by recent general international criterions. Then, we can workout a
high-resolution map of wind power resource distribution by adopting numerical
simulation technology and estimate the amount of exploitable wind energy. The
most important thing is to use GIS (geography information system) to calculate the
economically exploitable reserves considering network, roads, available lands,
environmental effects, layouts of development of local economics, etc.

3.2 Localization of wind power equipment manufacturing

The existing manufacturing level is far behind the market needs for technologies.
The power of domestic finalized wind turbines is below the MW level. The maxim
is 750 KW while most the needs of markets are MW level types. Domestic wind
turbine manufacturers are facing pressures from mapping out technology route from
fixed to variable propeller pitch and rotating speed, and also pressures from raising
single turbine power from hundred KW level to MW level. The technology span is
relatively long.

The independent research strength is too weak. For the little research funds input by
the government and enterprises and lack of fundamental research accumulation and
qualified personnel, our research ability on wind turbines needs to be improved. In
total, we are still in the stage of tracing and introducing oversea advanced
technologies.  Although we have induced some licenses, a part of them are
eliminated technologies, or limited by the technologies, crafts, and materials of
domestic mating factories, the quality and performance of the components take some
time to reach the international level, despite of the advanced design drawings. It is
expensive for companies to purchase the manufacturing licenses, and advantage of the
price-performance ratio of turbines is not obvious in early stages.

In the research of wind turbines, the turbine product itself has been paid much
attention while the mating job has not been regarded enough. Some component jobs
that should be done in labs must be done in wind farms after general assembly
because of the imperfection of experiment and test methods. The test and
authentication system has not been established.

The level of research and industrialization of wind turbine mating components is
relatively low. This makes the whole turbine research tougher and the speed more
slowly. Especially for the variable propeller pitch and rotating speed type, the
research of relative components and manufacturing is still in initial stage. As for the
variable propeller pitch system, low-speed magneto alternator, double-fed generator,
variable-speed gear box, AC/DC alternating current converter and electric controlled
system, more science and technology researches are needed.

3.3 The cost and network price of wind power is high

108



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

Basic condition initialized: according to the average level of domestic wind farms, the
basic initialized conditions are that: the installed capacity of wind power is 50 MW,
the annual quantities of electricity on network equal to that of running 2000 hours
with full load, the construction cost is 8000-10000 yuan/KW and the depreciation
period is 12.5 years. Other conditions will be set by experiences.

Financial conditions: the gross investment is decided separately as 400 million yuan
(8000 yuan/KW), 450 million yuan (9000yuan/KW) and 500 million
(10000yuan/KW). The circulating fund is 1.5 million yuan. The proportion of
project capital is 20%. The other will be lent from domestic commercial banks.
The length of loans will be 15 years. The annual interest of loans will be 6.12%.
The rate of added value tax is 8.5%, and the income tax rate is 33%. The IRR will be
10%.

The calculating of wind power cost and network price:

According to the listed conditions and the network price system of wind power, aimed
for a 10% IRR, the average cost for wind power is 0.373-0.461 yuan/KWh and the
reasonable network price is 0.566-0.703 yuan/KWh (including added value tax), when
quantities of electricity on network are equivalent full load 2000 hours and the
construction cost is 8000-10000 yuan/KW. The cost is high in the early stages
mostly because the return of loans and pay of interests. After loans are paid off, the
average cost will be decreased to a very low level.

Construction costs affect network price obviously. When the costs increase, the
network price will increase for the same ratio under the same IRR.

Our country has a vast territory. The resource conditions of wind power differ from
each other in different areas. Even in the same wind farm, the distribution of wind
resources may have differences. To analyze the electricity quantity variety effects
for costs and network prices caused by the differences of wind power, we will
calculate separately the costs and network prices below when the equivalent full load
hours is 1400, 1600, 1800, 2200, 2400, 2600, 2800, 3000:

Table 1 the wind power costs under different wind resource conditions

uivalent full
hours 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000
investment
8000yuan/KW 0.533 | 0.466 | 0.414 | 0.373 | 0.339 | 0.311 | 0.287 | 0.266 | 0.249
9000yuan/KW 0.596 | 0.521 | 0.464 | 0.417 | 0.379 | 0.348 | 0.321 | 0.298 | 0.278
10000yuan/KW 0.659 | 0.577 | 0.513 | 0.461 | 0.419 | 0.385 | 0.355 | 0.330 | 0.308
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Table 2 the network prices under different wind resource conditions

uivalent full
hours 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000
investment
8000yuan/KW 0.810 [ 0.708 | 0.630 | 0.566 | 0.515 | 0.472 | 0.436 | 0.405 | 0.378
9000yuan/KW 0.907 [0.794 | 0.705 | 0.635 | 0.577 | 0.529 | 0.488 | 0.454 | 0.423
10000yuan/KW 1.005 0.879 | 0.781 | 0.703 | 0.639 | 0.586 | 0.541 | 0.502 | 0.469

If the average level in the whole country is to invest 9000 yuan for every KW, the
network price for wind power will be about 0.63 yuan/KWh, when the equivalent full
load hours are 2000. This is twice that of average thermal power level as the price
for thermal power is only 0.31 yuan/KWh.

3.4 The restriction of the network

While wind farms are connected to the network and provide their clean energy, they
will also bring some negative effects on operations of the network. ~With the increase
of installed capacity of wind farms and of the wind power proportion of a certain local
network, these negative effects will be the restrictive factors for connecting wind
power to the network.

Wind power will lower the precision of predicting the network load, and then affects
the schedule and operation ways, the voltage adjustment, the current distribution, the
quality of electricity, the accident level, the stability of the network, etc.

Because of wind power’s connatural intermittence and wave character, the reliability
of the network will decrease, and the operation cost may increase. To conquer the
problems of reliability and quality, the network companies need to invest on
researches and equipments. We must research and resolve those negative effects
which come from connecting wind power to the network when we make great efforts
to develop it.

4. The policy suggestions

1. We should enhance the work in early stages of wind power. We should establish
the normal early-stage financial passes of wind power. We should arrange certain
funds to measure and assess wind resources in wind farms, to meet the requirements
of annual exploit plans for wind farm projects.

2. We should make detailed implement rules for China Renewable Energy Law.
Exercisable and reasonable prices should be decided by the government, according to
the resource conditions of every project and logical revenues for investors, meanwhile
the specific operable method should be worked out for allocating the difference
between wind power price and thermal power price.

110




H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

3. We should accelerate the localization of wind turbines. Through the combination of
trade and technology and by the principle of uniting introducing, digesting, absorbing
and independently exploiting, we should master the manufacturing technologies of
MW level large type wind turbines step by step. We should introduce oversea
intelligence to research wind turbines that we have independent intellectual assets in
the forms of copyright, and explore international markets.

4. We should establish national product detection centers, quality assurance control
and authentication systems for wind power manufacturing. We should gradually
improve the product quality, decrease the costs and perfect the services.

5. We should work out the network construction layout that adapts the development of
wind power, and research the resolutions for the negative effects to the network from
wind power.

5. The 11th five-year plan and 2020 wind power layout.

70% of our energy structure is coal-fired power. With the rapid increase of
coal-fired power load, the pressures from environmental effects especially from
carbon emissions reduction grow more and more. Wind power is a kind of clean
renewable energy. Our country has a rich wind recourses and could exploit it in
large scale. The cost of wind power has been decreasing yearly and wind power has
a broad prospect. The layout aim of installed capacity of wind power is 1 GW in
2005, 4-5 GW in 2010, 20-30 GW in 2020.

From 2004-2005, in the late stage of 10th five-year plan, two wind power concession
projects in Rudong, Jiangsu province and Huilai, Guangdong province will be
constructed as a focal point. Experiences for large scale wind farm construction will
be gained. By the end of 2005, the aim of total wind power installed capacity is 1
GW.

From 2006-2010, during the period of 11th five-year plan, newly installed capacity of
wind power will be 3 GW, which means an annual speed of 600-800 MW. By the
end of 2010, the accumulating installed capacity will be about 4-5 GW. Such market
space is provided for domestic wind turbine manufacturers to increase their
manufacture ability. National Development and Reform Commission sent out a
document that demands localization of all the wind power projects reach 70%,
otherwise, they could not be approved. Later, NDRC sent out another document to
assist domestic wind turbine manufacturers in cooperating with power supply
factories. It will provide a wind power market assurance of 500 MW and pick up the
development speed of wind power manufacturing.

For the moment, the planned major projects include: 310 MW coastal and littoral
demonstration project in Guangdong province, 220 MW littoral and island project in
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Fujian province, 120 MW project in shanghai, 450 MW in Jiangsu province, 210 MW
in Shandong province, 330 MW in Jilin province, 500 MW in Inner Mongolia, 320
MW in Heibei province, 260MW in Gansu province, 190 MW in Ninxia province,
220 MW in Xinjiang province. At present, the local governments and exploitation
companies in each province are requiring a larger planned wind power capacity.

The planned aim in 2020 is 20-30GW, and wind power will possess a proportion in
the power structure. It is about 2-3% of 1000 GW installed capacity, 1-1.5% of total
quantities of electricity in the whole country.

After 2020, with the gradual decrease of fossil fuel resources, the cost will increase.
Wind power will have the ability to compete in markets and will develop faster.
After 2030, the hydro resources will all be exploited, and we will exploit offshore
wind power on a large scale.
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Present Situation and Prediction on Photovoltaic in China

Wang Sicheng
Energy Institute, National Development and Reform Commission

1. Strategic Status of Photovoltaic (PV) in China

1.1 Condition and Prediction of Energy Resources and Renewable Energy in
China

No matter in the world or in China, the general energy is limited. The reserve of
primary energy in China is much lower than the average level in the world, which
accounts for only 10% of the total global storage volume. Figure one illustrates the
reserve prediction of general energy in the world and in China.
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Figure 1. Reserve prediction of general energy in the World and in China

(Zhao Yunwen)

In the long-term perspective, renewable energy would be the major energy source for
human beings in the future, therefore most developed countries and some developing
countries are paying much attention to the importance of renewable energy to the
future energy supply. In the new field of renewable energy, PV and wind power are
developing so fast that most countries in the world regard the business development
and utilization of PV and wind power as the main development objectives. According
to the prediction of JRC in Europe, to 2030, PV will show its importance in the world
electricity supply, accounting more than 10% of the total amount and the renewable
energy will account for 30%. In 2050, the PV and renewable energy will reach 20%
and more than 50% of the total energy consumption respectively. In the end of this
century, PV will play the leading role in the energy structure.
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Figure 2 illustrated the prediction of JRC.
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Figure 2. Development Trends of Energy in the World (PVNET?2003)

China is a big country in energy production as well as in consumption. The total
energy consumption in China in 2003 is 1.68 billion ton, increasing 13% compared to
2002. The consumption of coal, oil, natural gas and hydropower occupied 67.1%,
22.7%, 2.8% and 7.3% of the total amount respectively and the import of oil reached
97 million tons. Because of the powerful increasing of energy demand, the proportion
of coal in the energy consumption is 1 percent higher than that in 2002. Figure 3
illustrated the composition of primary energy consumption in 2003.

Composition of Energy Consumption (2003)
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Figure 3. Composition of primary energy consumption in 2003 (Shi Lishan)

The government in China pays much attention to the development of renewable
energy technologies, basically hydropower, wind power, bio-energy, solar energy,
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geothermal energy, ocean energy and so on. The status of the development of
renewable energy in our country at present are indicated as follows.

Hydropower: The capacity of economically exploitable hydropower in our country is
390 million KW, whose annual electricity generation is 1.7 trillion KWh, including
125 million KW from small hydro power plants of 50000 KW and below. Until the
end of 2003, the installed capacity of hydropower is 90 million KW, which of the
small hydro power plants is 30 million KW.

Wind power: Our country locates on the verge of Pacific Ocean, where there are
plenty of monsoons. The coastline extends more than 18000 km. And there are many
mountains inland which change the distribution of the air pressure. All of the above
made our country have widespread wind power resources. Estimated based on the
wind power records in National Observatory, the capacity of exploitable wind power
inland is about 250 million KW while the capacity on the sea is 750 million KW, thus
the total capacity of exploitable wind power in our country is 1000 million KW. The
installed capacity of wind power electricity connected to the grid is 570000 KW,
besides, there are about 180000 small wind power generators in the remote area,
whose total capacity is about 35000 KW.

Solar energy: The using methods are mainly thermal usage and PV usage. Till the end
of 2003, the installed capacity of PV batteries is about 50000 KW, being used for
electricity supply to the household, traffic and communication in remote areas. The
experiments and demonstrations of connected PV electricity generation systems have
already begun. There are about 10 solar PV battery power plants all over the country,
whose total capacity is more than 20000 KW. Till the end of 2003, usage amount of
solar water heater all over the country is 52 million M3, occupying 40% of the global
volume of use, and the annual production capacity is 12 million M3.

Bio-energy: Bio-energy mainly comes from agriculture and forest production and
processing waste, industrial waste water and house hold waste. There are more than
13 million biogas systems for poor households in the country, producing 3300 million
M3 of methane annually at present. There are more than 2200 big and middle scale
biogas systems, producing 1200 million M3 of methane annually. The capacity of
biogas electricity is more than 2 million KW.

Other renewable energy: Besides the hydro power, wind power, solar power and
bio-energy, there are other renewable energy such as geothermal energy and ocean
energy, the proportion of which is small at present.

The total capacity of new technology utilized renewable energy, without which from
traditional straw combustion and big hydro power plants above 50000 KW, is 50
million tons of equivalent coal, occupying 3% of the total amount of energy
consumption.
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Renewable energy is clean energy that can be recycled. It is the final option of energy
for the requirement of the sustainable development. The renewable energy
technologies of small hydro power, wind power, solar energy and methane are
matured, and the technologies of bio-gas and bio-energy electricity generation are
close to matured, which have wide development prospects. It is estimated that in the
next 20 to 30 years, renewable energy will play an important role in the energy
structure gradually, and will make great contributes to the economical and social
development. The predictions of renewable energy of our country in 2010, 2020 to
2050 are listed below.
Table 1. Predictions of renewable energy in China (to 2050)

Year 2003 2010 2020 2030 2050
Total amount of energy
. . 16.8 20 30 40 60
(100 million tons of equivalent coal)
Small hydro power (10000 KW) 3000 5000 7500 | 10000 | 20000
Annual electricity generation
. 960 1600 2400 3200 6400
(100 million KWh)
Equivalence

o . 0.34 0.56 0.84 1.12 2.24
(100 million tons of equivalent coal)

Wind power (10000 KW) 60.5 400 2000 | 5000 10000
Annual electricity generation
o 12.7 84 420 1050 2100
(100 million KWh)
Equivalence

. . 0.0044 0.03 0.15 0.37 0.74
(100 million tons of equivalent coal)

Bio-energy (10000 KW) 200 1000 2000 | 5000 10000
Annual electricity generation
o 100 500 1000 | 2500 5000
(100 million KWh)
Equivalence

o . 0.035 0.18 0.35 0.88 1.75
(100 million tons of equivalent coal)

Methane (100 million stere) 45 100 250 300 1000

Equivalence

. . 0.036 0.08 0.20 0.24 0.80
(100 million tons of equivalent coal)

PV thermal (10000 stere) 5200 10000 | 27000 | 50000 [ 100000

Equivalence
. i 0.062 0.12 0.32 0.6 1.2
(100 million tons of equivalent coal)
PV electricity (10000 KW) 5.5 50 3000 | 4000 10000
Annual electricity generation
o 0.55 7.5 390 540 1400
(100 million KWh)

Equivalence

. i 0.0002 | 0.0027 | 0.14 0.19 0.49
(100 million tons of equivalent coal)

Others
. i 0.027 0.087 1.00 2.60 4.78
(100 million tons of equivalent coal)
Total (100 million tons of equivalent coal) | 0.504 1.0 3 6 12

Proportion of Renewable energy (% ) 3 5 10 15 20
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*: Convert as 1KWh = 350g equivalent coal

Table 2. Comparison of annual utility hours of different electricity generating
methods (Li Junfeng, Gu Shuhua)

Electricity generating methods Annual utility hours (hour)

Thermal electricity 5000
Nuclear electricity 6000
Gas electricity 4000
Big hydro electricity 3500
Small hydro electricity 3000
Bio-energy electricity 5000
Wind power electricity 2100

PV electricity Connected 1300, unconnected 1100

1.2 Present situation of electric power in China and the Future Electricity Gap
Analysis

The electric power supply of China before 2000 was not tight. After 2000, because of
the tremendous development of economy, the demand of electric power is increasing
dramatically at the annual rate of more than 20%. The phenomenon of severe electric
power shortage emerged in 2003, and the shortage will not be mitigated in the next 2
or 3 years. The total installed capacity of electric power in 2002 is 356.57 million KW,
of which 74.5% is thermal, generating electricity 1654.2 billion KWh, of which
81.7% is thermal. The following table shows the installed capacity of electric power
and electricity generation status of our country in 2002.

Table 3. Installed capacity of electric power and status of electricity generation
of China in 2002 (China Electric Power Research Institute)

Installed capacity (10000 KW) Generated e.‘,le.ctrical energy (100
Generation million KWh)

methods Capacity Percentage Electricity quantity | Percentage
(10000 KW) (%) (100 million KWh) (%)
Thermal 26554 74.5 13522 81.7
Hydro 8607 24.1 2746 16.6
Nuclear 446 1.25 265 1.6
Total 35657 100 16542 100

According to the economic development trends and the status of resources in China at
present, traditional power of thermal, hydro and nuclear can not sustain the necessary
electricity supply in 2010 and 2020. There are big gaps between the supply and
demand of electricity, which need to be filled up by electricity generated by renewable
energy.
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Table 4. Prediction of installed capacity of generator in China in 2010 and
2020(GW) (China Electric Power Research Institute)

Year Coal Water Nuclear Gap Total
2010 400 135 12.5 37 584.5
68.40% 23.10% 2.10% 6.40% 100%
592 220 36 102 950
2020
62.30% 23.20% 3.80% 10.70% 100%
Table 5. Prediction of total electric power demand in 2010, 2020 and 2050

(China Electric Power Research Institute)

v Installed capacity Electricity generated
et (100 million KW) (100 million KWh)
2002 3.57 16542
2010 5.85 27100
2020 9.50 44000
2050 20.0 92700
Table 6. Prediction of electric installed capacity structure in China in 2050
(China Electric Power Research Institute)
Installed capacity
Cat o1 P t 9
ategory (100 million KW) ercentage (70)
Thermal electricity 10.0 50%
Nuclear electricity 2.4 12%
Gas electricity 1.0 5%
Big hydro electricity 1.6 8%
Small hydro electricity 2.0 10%

. - Renewable
Bio-energy electricity 1.0 5% ener
Wind power electricity 1.0 5% 75 5},

0
PV electricity 1.0 5%
Total 20.0 100%

2. Present situation and prediction of PV industry in the world

Solar energy battery, which is also called photovoltaic battery, is a semiconductor
which uses the photovoltaic effect to convert the solar energy to electricity. In 1954,
the first silicon solar energy battery (n1=6%) and the first nuclear power plant was
appeared in the USA, in 1959 the solar battery was used in space, and after the energy
crisis in 1973, the solar battery became to be used in the ground step by step.

The PV generation system is divided into independent PV system and connected PV
system. The independent PV systems includes the village power supply systems in the
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remote area, household solar power supply systems, electrical sources of
communication signals, cathode protectors, solar street lights and other independently
running PV systems with storage battery.

Connected PV system is connected to the electrical network, which feeds electric
power to the network at the same time. At present, the technically realizable
connection methods of the PV systems are Roof Connected PV Systems and Desert
Power Plant Systems. In the Roof Connected PV System, the connected PV
generation system is installed in the effectual area on the roof. The size of the systems
varies from several KWp to several MWp. In the Desert Power Plants, big scale
connected PV generation systems are built in desolate desert, whose size varies from
10MWp to several GWp.

In recent years, the output of solar battery in the world is increasing quickly. The
growth rate is about 30% in 8 years and even more than 60% in 2004, when the
annual output was 1200MW. Figure 4 illustrated the yearly solar battery shipment in
the world.

1988199011992(1994]1995(1996|1997(1998|1999(2000|2001{2002(2003 {2004

O Other countries | 3 | 4.7 | 46| 5.6 [6.35]9.75| 9.4 [18.7]20.5(23.4|32.6( 55 |83.8| 135
@ Europe 6.7 110.2(16.4121.7(20.1|18.8[30.4|33.5| 40 |60.7|86.4| 135|193 | 320
0 Japan 12.8(16.8|18.8(16.5|16.4|21.2| 35 | 49 | 80 | 129 171|251 | 364 | 610
O America 11.1(14.8]18.1(25.6|34.8|38.9| 51 |53.7|/60.8| 75 (100|120 | 103 | 135
B Total 33.6146.5|57.9169.4]|77.6188.6| 126 | 155 | 201 | 288 [ 391 | 561 | 744 |1200

Figure 4. Yearly shipment of solar battery in the world (PVNET2004)
3. Present situation of the PV generation market and industry
3.1 Development of the solar battery market in China

The solar battery was researched in 1958 in China, and was firstly used successfully
in DFH-2 Secondary Planet. From 1973, the solar battery began to be used in the
ground. Before the nineteenth century, the PV industry of our country was still at the
rudimentary stage, when the yearly output was below 10KW and the price of PV
battery was too high. Because of constrains of the price and output, the development
of the market is slow. Besides being used as the electrical sources of secondary
planets, on the ground, the solar batteries were only used in small power battery

119



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

systems, such as lanterns, railway signal systems, equipment power source of alpine
weather stations, electric fences, black light lamps, DC daylight lamps and so on,
whose powers varies from several W to 100 W. During the period of “Sixth
Five”(1981-1985) to “Seventh Five”(1986-1990), the national government began to
support the development of PV industry and the PV market. National and local
government funds were invested in the PV industry, which led to the consolidation of
the solar battery industry and several demonstration projects in many applied areas,
such as microwave relay stations, army communication systems, cathode protection
systems of waterlocks and oil pipelines, carrier wave telephone systems in the country,
small scale household systems, villages power supply systems and so on. During the
period of “Seventh Five”, several solar battery production lines were imported, all of
which were monocrystalline silicon battery production lines except one 1MW
noncrystalline silicon production line. Therefore, the production ability of the solar
battery in our country increased to 4.5MWp per year and the price was decreased
from 80 yuan/Wp to 40 yuan/Wp.

After the 1990s, with the initial formation of PV industry and reduction of costs, its
application field has been developed into industry field and rural electrization field,
and its market scale expands steadily which has been listed in the national and local
government plan, such as “Sunshine Plan” in Xizhang, “Bright project”, “PV Project
in Ali, Xizhang”, fiber communication power supply, oil pipeline cathode protection,
extending radio and TV coverage to every village, large-scale promotion of rural
household PV power supply systems. In the 21 century, particularly “Sending
Electricity to Villages™ project in the last three years, the nation invested 2 billion with
the installed capacity of 20MW which resolved the power supply problem of 800
villages without power and promoted the PV market in China to develop rapidly and
greatly. At the same time, Grid-connected PV generation demonstration project began
to develop quickly from SkW/10kW to more than 100kW. Shenzhen 1MW
Grid-Connected PV Station Project has became a bright spot of the PV utilization
field in China.

The total installed capacity of PV systems in China has reached 65MW by the end of
2004.

A great number of solar court lamps is exported in Shenzhen, Shantou, Guangzhou
and Zhejiang etc and the annual revenues have reached 500 million Yuan. The cell
used by the solar court lamps is usually imported and then encapsulated by glue of
which the technology is simple. The cell used reaches 6MW every year which is a
large portion in the cell utilization (This portion is not counted in the statistics).

3.2 Current status of cell industry in China

During the late 1970s and the middle 1980s, some semiconductor device factories in
China began to produce monocrystalline silicon cell using semiconductor industry
waste monocrystalline and semiconductor device technology, and that PV industry in
China went into emergence period. In the middle 1980s and late 1980s, some Chinese
enterprises imported whole set of monocrystalline silicon cell and module production
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equipment, and noncrystalline silicon production line, the production capacity of
cell/module reached 4.5MW, and that PV industry in China had been initially formed.
In the middle 1990s, PV industry in China developed steadily and the production
increased steadily by year. In the late 1990s, PV industry in China developed rapidly
and the equipments updated continually. During 2003 and 2004, under the impulse of
the “Sending Electricity to Villages” project and the international market, a set of cell
production line, module encapsulation line and crystalline silicon ingot / wafer
production line was put into production and enlarged one after another, so the PV
industry ability in China improved greatly and the PV industry came into a complete
and fast development period. By the end of 2004, the total annual production capacity
in China was module 150MW, cell 67MW and silicon ingot/wafer 54MW. The
outputs is about module 100MW, cell 42MW (noncrystalline silicon 4MW) and
silicon ingot/wafer 46 MW.

Over the past three years, due to the impulse of the “Sending Electricity to Villages”
project and the international market, the cell/module production developed rapidly,
the output in 2004 is six times of the output in 2002.The cell and module quality has
been improved greatly and the commercialization cell efficiency has increased from
10-20% in the 1980s to 12%-14%. The costs of cell/module have decreased in the past
twenty years, the price has decreased from 65-70Yuan’'Wp in the 1980s to
24-28YuarvWp in 2003, but it returned to 28-32Yuan’Wp in 2004 due to the
international shortage of solar silicon. The cell output in 2004 reached SOMWp in
which 10MWp module was consumed in national PV market and the rest was
exported abroad.

Through PV industry in China is developing rapidly, its industry scale and technology
level has also improved. But compared to the developed countries, the gap is still very
large, for example, low nationalization level of specific raw materials and few species,
low quality of the nationalization materials and components such as silver, aluminum
slurry and EVA. Module encapsulation low iron velour glass and TPT have not been
marketed.

The PV industry chain in which the forward is small and the backward is large is
imbalanced. In the chain the most serious problem is that the solar polycrystalline
silicon production is blank domestically and it completely relies on import. The
deficiency of other steps relies on import, such as cell, silicon ingot/module and
matched materials. It can be seen in figure 5-1:
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Figure 5: The imbalance of PV industry chain (crystalline silicon) development
by the end of 2004

121



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

The design level and manufacture ability of the industry facilities are laggard. The
polycrystalline silicon foundry furnace, fretsaw and ingot breaking machine
completely rely on import; PECVD silicon nitride deposition equipment, screen
printer, cell selector, series soldering machine can not meet the requirements of
modernized production. These equipments should be imported in whole set and so on.

These gaps are related to the weakness of research foundation and industry foundation.
Companies can establish modernized PV industry at short notice through introduction
and digestion, but the matched specific materials and equipments can not catch up in
short order, particularly, solar polycrystalline silicon materials. The state should
organize the research of PV industry combined with chemical industry and
mechanical and electric equipment manufacture, and actively seek for international
cooperation simultaneously, taking solar silicon as the starting point and escaping
from the technology block of the semiconductor silicon.

4. Market prediction and planning proposal of PV generation in China

4.1Development Objective by year

Development objective for each year during the “Eleventh Five-year” and 2020 are
shown in the following table:

Table 7: Planned Accumulated Installed Capacity during 2004 and 2010 (MWp)
Year 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Incremental installed capacity 10 27 38 52 75 105 138
Accumulated installed capacity | 55 65 92 130 | 182 | 257 | 362 | 500

Annual average increasing rate: 41 %

Table 8: Planned Accumulated Installed Capacity during 2010 and 2020 (GWp)
Year 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Incremental
installed 020 | 032 | 048 | 0.75 | 1.17 | 1.82 | 2.84 | 442 | 6.87 | 10.65
capacity
Accumulated
installed 0.5 [ 0.68 | 1.00 | 1.48 | 2.23 | 3.40 | 5.22 | 8.06 | 12.48 | 19.35|30.00
capacity
Annual average increasing rate: 56 %

Table 9: PV Market in China in 2003

Market classification Accumulate((ilizl;:/ag;ed capacity Market share (%)
Rural electrization 28 51
Telecommunication & Industry 20 36
PV product 5 9
City Building PV (BIPV) 2 4
Open land Chungriness) power station|
Total 55 100
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Table 10: Planned PV Market in China in 2010

Market Classification

Accumulated installed capacity

Market share (%)

(MW)

Rural electrization 300 60

Telecommunication & 70 14
Industry

Solar street lamp 5 2

PV product 25 4

City BIPV 70 14

Desert/Gobi power station 30 6
Total 500 100

Table 11:

Prediction of PV Market in Chi

na in 2020

Market classification

Accumulated installed capacity

Market share (%)

(MWp)

Rural electrization 3000 10.0

Telecommunication & 4500 15.0
Industry

Solar street lamp 1000 33

PV product 1500 5.0

City BIPV 8000 26.7

Desert/Gobi power station 12000 40.0

Total 30000 100

4.2 Distribution of construction emphases in“Eleventh Five-years”

In the Eleventh Five-year, we should put emphases on the implementation
Independent Village PV Generation Plan, fulfillment of open land Chungriness) Very
Large-scale Grid-connected Station precursory project and “Central City
Grid-connected BIPV” plan. We should actively provide policy support to PV
commercialization development.

4.2.1. Independent Village PV Generation Plan

There are 28,000 villages, 7 million households, 30 million people without power
supply. Most of these people distribute in the west of China and a few islands, some
of which use diesel oil generator to generate power for 2-3 hours one day, even some
are without diesel oil generator, only use ghee lamp, coal oil lamp and candles for
lighting. The solar resources are abundant in these areas, so PV generation in these
areas has great market potential. The following table represents the distribution of
villages and households without power supply in China.

Table 12: Statistics of Village and Household without Power Supply

Counties Villages without
. Towns | wer suppl Total vill Total household
Province / without | without POWCT SUPPZy otal vitlages ota’ houscholds
C ower Administ Natural without power | without power
Municipality | power Eu | rative vﬁlzrae supply supply
supply PPy village &
Xizhang — 486 15,254 — 5,740 289,300
Guizhou — - 3,000 377 3,377 1,294,000
Gansu — 9 871 2,384 3,264 360,173
Neimenggu — - 960 2,100 3,060 249,590
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Fujian — — 960 1,400 2,360 249,590
Qinghai 1 94 773 1,254 2,121 101,000
Sichuan — 126 (1,459 40 1,625 648,300
Xijiang — 28 216 1,095 1,339 316,200
Ningxia — — — 1,306 1,306 64,000

Hubei — — 75 975 1,050 121,500
Henan — — 700 — 700 577,000
Guangxi — — 666 34 700 388,600
Yunnan — 4 528 — 532 1,003,800
Hunan — — — 518 518 279,500

Hebei — — 357 43 400 13,800
Shaanxi — 11 344 — 355 289,100
Shanxi — — 259 — 259 112,000
Hainan — — 253 — 253 160,300

Chonggqing — 3 163 — 166 191,900
Anhui — — 17 33 50 80,500
Jiangxi — — 17 33 50 287,000
Heilongjiang — — 13 — 13 9,100
Liaoning — — 4 — 4 4,800
Guangdong — — — — — 50,800
Total -- 761 16,889 | 11,592 29,242 7,141,853

The power supply problem for villages without power has been basically resolved
through the “Sending Electricity to Villages” project. There are still power supply
problem for villages and households without power. If we plan for each village
10Mkp, each household 400Wp and considering the enlargement of power station, the
market potential will be about 3,000 MWp.

In light of current national power and policies, we try to resolve the power supply
problem for all the villages with more than 50 households and 15% of the scattered
households without power before 2020, to resolve the power supply problem for 1000
villages and 1 million households without power during 2006 and 2010, and the
incremental PV consumption capacity will reach 265MWp, the accumulated cell used
for rural electrization will reach 300MWp. The plan for each year is shown as
follows:

Table 13: Planned Installed Capacity of Independent Village PV Generation during 2006 and 2010 (MWp)

Year 2003 | 2004 | 2005 [ 2006 | 2007 | 2008 | 2009 2010
Installed capacity 2 5 15 30 50 70 100
Total installed capacity The incremental installation capacity from 2006 to 2010is amount to
265MWp.
Installation costs 70,00 | 65,00 | 61,00 | 56,00 52,000
(Yuan/KWp) 0 0 0 0 ’
Incremental investment
(Million Yuan) 1,050 | 1,950 | 3,050 | 3,920 5,200
Total incremental The incremental investment from 2006 to 2010 is amount to 15.17
investment billion.

Accumulated installed 22 | 30 | 35 | s0o | 80 | 130 | 200 | 300
capacity

Power generation (GWh) 30.8 33 38.5 55 88 143 220 330
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* The generator works for1100 hours per year.

4.2.2. Construction of Very Large-scale Grid-Connected PV Power Station

In light of current national power and policies, we should develop trial of very
large-scale PV power station before 2010, and the location of the trial should meet the
following requirements: the location should close to main grid(no more than 50
kilometers would be better) to reduce the incremental investment on transmission wire;
the main grid should have enough load capacity to transmit the electricity from the PV
power station without reconstruction; the location should be no more than 100
kilometers from the electrical load center to reduce the transmission losses; if there is no
electrical load center around, there had better have a hydropower station around to
convert the electricity from PV power station through pumped storage. In order to test
its technological and economical feasibility it is planed that we build two or three
open lands (hungriness) precursory demonstration power station of 10—20MWp
before 2010 and the installed capacity will reach 30MWp.

The Chinese Large-scale (in Hungriness) PV Development Plan will be formally start
up during 2010 and 2020 which is aimed to increase the installed capacity by
11,970MWp and the total will reach 12GWp by the end of 2020.

Table 14: Planned Installed Capacity in open land during 2006 and 2010 (MWp)

YEAR 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 [ 2010
Installed capacity 2 4 4 5 5 10
. . The incremental installation capacity from 2006 to 2010is amount
Total installed capacity to 28MWp.
Installed costs (Yuan/KWp) 50(’)00 47(’)00 43(’)00 40(’)00 37(’)00

Incremental investment

(Million Yuan) 200 188 215 200 370

The incremental investment from 2006 to 2010 is amount to 1.173

Total incremental investment 1
billion.

Accumulated installed capacity 2 6 10 15 20 30

Power generation (GWh) 2.6 7.8 13.0 19.5 | 26.0 | 39.0

*The generator works for1300 hours per year.

5. Conclusions

1. Due to abundant solar energy resources, enough building roofs and
desert/hungriness resources, China has the conditions for large-scale development of
PV generation;

2. PV will play an important role in Chinese power supply in the future, and it is
estimated that PV will annually increase at the rate of more than 40%;

3. PV industry and PV market are developing very rapidly at present, but they have
the problem of imbalance. The development of PV industry in China will be restricted
if not solving the production problem of high purity polycrystalline silicon raw
materials and silicon slice;

4. The linchpin of PV industry development in China lies on policies. If the
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“Renewable Energy Law” will be implemented in China, and imitating the successful
experiences of Germany, the financial barriers of PV industry development in China
will be eliminated.
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The Present Condition and foreground Prediction of Solar

Energy-Thermal Utilizations in China

Luo Zhentao
(China Solar Energy Society)
Oct, 2005

Solar energy-thermal utilization is to convert directly the radiation of sun into the
thermal energy to use. At present, some research and utilizations have been done in
China, mainly including the solar water-heaters, the sun space, the solar cooking stove,
the solar drying, the sea-water desalting and other industrial and agricultural
utilization. By 2004, the present situation of above-mentioned research and
utilization is shown as follows:

Item Solar energy | Sun space | Solar cooking Other industrial
. The sea water .
Presen water-heater | (10000 stove Solar drying desalti and agricultural
esaltin,
situation (10000 m?) m’) ( 10000 sets) = utilization
Annual output 1350
Total Demonstration | Demonstration | Demonstration
possessed 6200 2000 50 device device device
quantity

From the table, we can see that the solar energy water- heater industry has already had
some production scale and great market space. This text will introduce this as an
emphasis.

1. The present situation of solar energy water-heater industry in China.
1.1 Athief introduction to its development process

The solar energy-thermal utilization in China began from the 1970's of the last century.
In the 1980's the energy strain caused the nation and the society to value the problem,
and many civil research institutes, universities and colleges started to study the solar
energy-thermal utilizations. Some enterprises gradually appeared that mainly
produced the solar water-heaters with flat collectors, and integral collector storage
solar water-heaters, but they developed relatively slowly. The projects of from the 7th
to 10th five year plan, aimed at finding solutions to technology bottlenecks in industry,
a lot of research fruit had been converted into productivity, such as: Copper-
Aluminum Combined solar collector s with flat panels, all-glass evacuated tube
collectors and water-heaters, the heat pipe-evacuated tube solar water-heaters etc.
Especially vertical single target magnetron sputtering aluminum-nitrogen/ aluminum
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all-glass evacuated solar collection tube technology had been converted into
productivity successfully, which stimulated the industrialization process of Chinese
solar thermal utilizations in all sides. Before 1996, the solar water heater flat panel
heaters dominated market, occupying more than 70%. After 1996, evacuated tube
solar water-heaters gradually become the dominant product and it has occupied more
than 87.5% of the market up to now.

1.2 The situation of the industry development
Industry:

The industrialization of solar water- heater is the most rapid and its utilization is the
most extensive in China among all the solar energy utilization. All-glass evacuated
tube solar collector was developed and produced by China independently. It keeps
ahead of other countries in the terms of science and technology level, manufacturing
technology and production scale and at the same time its production cost is also
cheaper, so it has stronger international competitive power.

There are 300 solar water- heater enterprises in China, their annual production value
is more than 12 billion RMB, Now its industrial system has been basically formed
that includes raw material processing. the product development and manufacturing,
engineering design and marketing serve. The industrial system has been stimulating
the development of related industries such as glass, metals, thermal insulation
materials and evacuated processing equipments etc. The solar water-heater industry
becomes a newly arising industry whose scale is quickly extending.

Yield:

Chinese solar water-heater industry has been developing rapidly since the late 1990s,
and output is increased to 13,500,000 square meters of 2004 from 3,500,000 square
meters of 1998, the total possessed quantity of water-heaters are increased to 62
million square meters of 2004 from 15 million square meters of 1998, and the average
possessed quantity per household is up to 7.8 %, and the sale amounts to more than 20
billion RMB. We can see the industry has had a certain scale.

Table 1-1 The total output and total possessed quantity of solar water-heaters
from 1998 to 2004

Increase over . Increase over
Annual output . Possessed quantity .
Year (10000) the previous ( 10000 ) the previous
m
year (%) year (%)

1998 350 1500
1999 500 43 2000 33
2000 640 28 2600 30
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2001 820 28 3200 23
2002 1000 22 4000 25
2003 1200 20 5000 25
2004 1350 12.5 6200 24

7000

6000

5000

0o B4R TR

30008 WO T

2000¢

1000f]

R

1998 2000 2002 2004

Figure 1-1 Solar water-heaters' change of total output and possessed quantity
from 1998 to 2004

Product:

Now there are mainly three kinds of solar water-heaters, which is evacuated tube solar
water-heaters, flat panel solar water-heaters and integral collector storage solar water
heater. In 2004, the total output reached 13,500,000 square meters. Among them, the
output of evacuated tube solar water-heaters are 11,800,000 square meters, amounting
to 87.5% of the total output; output of flat panel water-heaters are 1,525,000 square
meters, 11.3% of total output; output of integral collector storage solar water-heaters
are 162,000 square meters, making up 1.2%.

1.5 1.2
nETE
m FFR
R
87, 5%

Figure 1-2 The output structures of the solar water-heaters in 2003
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The all-glass evacuated tube solar water-heaters were developed by China
independently and at present they are dominant products in China. In 2001 their total
output amounted to 6,380,000 square meters, 61.1% more than that in 2000. In 2002
the total output was 8,550,000 square meters, 34% more than that in 2001. In 2003 the
total output amounted to 10,500,000 square meters, 22.8% more than that in 2002,
and among them the thermal pipe evacuated tube water-heaters had a production of
about 100,000 square meters.

Market:

The market development of the solar water-heaters has entered a stage with fast
growth and positive development. In 2001 the total sale was 7,800,000 square meters,
which increased 27.8% over 2000; the sale of 2002 and 2003 were 9,600,000 and
11,400,000 square meters respectively, and the rates of increment were 23.1% and
18.8% respectively. Currently Chinese solar water-heaters have already entered the
international market, and exported to more than 30 countries, the exporting sum up to
1 ten million USS$ in 2004.

Table 1-2 Total sale of solar water-heaters from 1998 to 2003

Year Sale Increase over the previous
( 10000 m?) year (%)

1998 340

1999 480 41

2000 610 27

2001 780 27.8

2002 960 23.1

2003 1140 18.8

1.3 The engineering utilization of the solar water-heaters

® Household solar water-heaters have become the main way that a family use
the hot water

With solar energy being thermal source, the operational cost and expense much are
less than other products, and the various categories of solar water-heaters satisfy
different demand of customers, so their market share increases steadily. In 2001
household possession rate of three kinds of water-heaters in China are that gas-fueled
water-heaters are 20.5%, electric water-heaters 11.2%, solar water-heaters 5.7%
(reckoned with the possession quantity of 2001). We can forecast that the possession
rate of three kinds of water-heaters will arrive at 22.9%, 15.4% and 12.3%
respectively in 2004 and the market share of solar water-heater will reach one third,
which is prominent.
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® The engineering utilization that the solar energy water-heaters combine with
building construction is an important way of buildings energy-saving.

In 2002 about 27.5% of the total energy consumption came from buildings in China
and the number is about 450 million tce when converted into tons of coal equivalent.
In 2020, the percentage will be about 23% to 25%, and the energy consumption of
buildings will be 760 to 790 million tce. We can forecast that in 2010, the
heat-collecting area of the solar water-heaters will reach 150 million square meters
which can substitute other energy about 50 million tce annually. If the total quantity of
the solar water-heaters can reach 300 million square meters, then they can substitute
about 2.50 million tce energy which makes up about 6.5% of total energy
consumption of buildings, and equals to 6 times of present figure and 1.6% of total
energy consumption in 2020. Thus it is clear that the solar energy will contribute to
energy saving of buildings and the demand of total energy.

Under the support of the national policy, many places in China have set up a lot of
solar energy demonstration region. As demonstration work that combine solar energy
and buildings gets good effect, commercial demand is also in the gradual growth.
More and more people living in such buildings as schools, guest hotels, bathing
centers and residences use solar water-heaters to provide living hot water. The
producers and dealers are all actively popularizing such utilization in the engineering
construction (collective installing or hot water engineering). The engineering
utilization of the solar energy water-heaters is just at the beginning and will have a
rapid development in the future.

® The utilization of air-conditioning and heat supply

The technology of heat supply and air-condition with solar energy has already started
to get into practical stage. In Jan. 1998, Guangzhou energy institute of Energy
Conversion of Chinese Academy of Sciences successfully developed solar
air-conditioning water heating system, and was used in the Jiangmen municipal of
Guangzhou province. The temperature of hot water used for refrigeration is from 75°C
to 65 C and the temperature of living hot water is from 55°C to 60°C. It is equipped
with highly efficient flat panel collectors whose area is 500 square meters and a
two-stage absorption refrigerator, and it can satisfy the air-conditioning load of 500
square meters. The Solar Energy Institute of Beijing has set up 100 kW solar
air-conditioning system in Rushan municipal of Shandong province that uses thermal
pipe evacuated tube collectors and one-stage absorption refrigerator operating under
medium temperature. In 2003 the institute itself set up two comprehensive
demonstration projects, and one is 100 kW photovoltaic electricity-generating system ,
and another is 300 kW solar energy system for air-conditioning and heat supply and
the institute uses solar energy to supply electricity. air-conditioning. heat and living
hot water. The demonstration project will provide experience and data for both the
combination of solar energy and buildings and the comprehensive utilization of solar
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energy photovoltaic electricity and photo-thermal. The project shows the benefits of
solar energy utilization. The Beijing Olympics scientific and technological projects
“the demonstration of new energy comprehensive utilization in buildings” developed
by Beijing Tianpu solar energy industrial company Ltd. used evacuated tube
air-collectors to ventilate in the summer and produce heat air. The project provides
abundant experience for the combination of solar energy and buildings.

2. The foreground forecast of the solar energy development

The solar water- heater is a kind of green energy product that has the advantage of
saving energy. environmental protection. economy and convenience. Utilizing solar
water-heaters is a practical, economic and effective means to provide low-temperature
hot water for household living and provide low-temperature heat for industrial and
agricultural production, thus it has wide development space and huge market potential.
The combination of solar energy air-conditioning and heat supply, water-heater
technologies with buildings is a sustainable, effective and environment-sound way to
reduce the energy consumption of buildings. Especially for China where energy and
resources are relatively scarce, the way is quite significant.

2. 1 Emphasis of research & development about technologies and industrial fields

2.1.1 The research of low-temperature hot water technology

® Flat panel collector

a. Adopt the superior collector core and gradually develop high-quality all-copper
collector core;

b. Adopt the high-quality selective coat;

c. adopt high transparency material as cover material;

d. Adopt transparent heat-insulation materials to repress the convection and reduce the
loss of heat;

e. develop module collector on roof of building

® all-glass evacuated tube collector

a. Develop the glass evacuated collector with metal runner inside;
b. Heat pipe evacuated tube;

® integral collector storage solar water heater
a. develop and research different levels of integral collector storage solar water

heaters;
b. develop integral collector storage solar water heater with evacuated tube.
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® Solar energy hot water system

a. Develop all kinds of all-weather solar hot water system that can be use through the
whole year, for example, develop two times circulatory system with heat exchanger
and assistant heat source ,whose quality is equivalent to international products;

b. Develop applied software and hardware (components and parts) of the solar hot
water system.

In 2020 Chinese solar energy low-temperature hot water technology will reach
international advanced level in such ways as its levels, science and technology,
industrialization and scale. China will become an international base of processing,
importing and exporting solar energy low-temperature equipments;

When solar energy heat supply and become practical, science and technology result

will be converted toward productivity and coupled with generalizing in many places,

the technology will be industrialized basically.

2.1.2 The development and research of medium-high temperature technology

® Develop medium-high temperature technology of solar energy heat
utilization, and generalize the solar energy heat utilization technologies in
desalting sea water and other fields of industrial and agricultural application.

® Research and develop solar energy thermoelectric technology, introduce the
related equipments and technology, realize regionalization, set up trillion watt

class solar energy thermoelectric station before 2010.

In 2015 the technology of solar energy medium-high temperature utilization should
reach or be close to the international level.

2.1.3 Industrial development direction and emphasis fields
Developing direction:

® Entering the building industry is an important path to accelerate the industry
development and standardize the markets of solar thermal utilization;

® Extend the fields of utilizing solar energy hot water, get into other proper
fields by demonstration;

® Increase the demand of residents in the country and small-medium towns for

low-temperature hot water, which should be main market direction of solar
water-heaters.

133



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

Emphasis fields:

Solar energy collector and its water heating engineering systems

Integral technology of combining solar energy with buildings

Solar energy heat supplying, air-conditioning and heat keeping technologies
Active sun-space technology

The technology of desalting sea water with solar energy

The technology of solar energy drying and other application in industry and
agriculture

The technology of solar energy medium-high temperature utilization (solar
energy thermoelectric technology)

2.2 The predict of market development
The solar energy heat utilization has huge market potential.

® Solar water-heaters are favorite by the most customers in virtue of its
advantage such as energy saving and environmental protection

After more than 20 years of reform and opening, Chinese social productivity,
comprehensive national strength and people living levels have all ascended a big step.
With the national economy and the people living level continuously rising, the need
of residents for indoors hot water gets more and more strong. According to a research,
in 2020 every person will need about 40 kg of living hot water every day on the
average, and the total consumption in China will reach 20 billion tons. At that time
possessed solar energy water-heaters in China will reach 300 million square meters,
which can produce 13 billion tons of living hot water and save about 135 billion
kilowatt-hours electricity, about 65% of total electric demand.

Annual Summed Chinese Possessed quantity

Year output quantity population per thousand people
(10000 m?) (10000 m?) (100,000,000) (m?)
2004 1100~1200 6200 13 47
2010 2600~3000 15000 13.71 109
2020 4500 --5000 30000 14.3 210

® Combination with buildings will further stimulate the market

During the tenth five year plan, Chinese construction and real estate industry will
develop with quicker speed, and the total area of finished town residence are 2,700
million squares meters; In 2005 the per capita housing construction area of town
residents has increased to 22 square meters, and on the average every household has a
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dwelling house with basic function. As the combination of the solar water-heaters
with buildings gets further perfect, solar water-heaters will provide 6.5% of total
energy demand in the near future, which will tremendously stimulate the solar
water-heater application in buildings.

® The construction of small towns can expand a larger market

There are 1,300 million people in China, 75% of which live in the rural region, so this
is a huge market for solar energy utilization. Owing to the reform and opening policy,
the rural economy increases very quickly, and there are a great deal of rural houses
and small town residence, so the need for living hot water increases greatly. In 2000
the total construction area of village houses was 17,500,000,000 square meters, and
the number will increase 8,500,000,000 square meters in 15 years henceforth, that is
the total construction area of village houses will reach 26,000,000,000 square meters.
In 2020, if the universal rate of the rural solar water-heaters comes to 75%, the
possessed quantity in rural China will reach 170,000,000 to 180,000,000 square
meters, 60% of the national total amount, which will play a important role in
protecting ecosystem environment, preventing water and soil from losing and
perfectly resolving the energy demand in rural regions. It is not practical
technologically and economically that the dispersed villages use natural gas or electric
power as everyday energy, which provides opportunity for exploiting rural market of
the solar water-heaters.

2.3 Form mature national industries with international competitive power

As a newly arising industry, the technology and market of solar water-heaters has
been developing continuously. National relevant departments attach further
importance to the industry, reinforce macro management and instruction, and help it
to become a new source of national economy growth. Guidelines of developing the
industry are that it should be guided by market demand, dominated by enterprises and
supported by technical progress, and government should strengthen macro instruction,
foster and standardize the market, gradually cause enterprises to enlarge scales,
products to standardize, technology to regionalize and market to standardize.

The national relevant departments and governments at all levels have already started
to bring the solar water- heater technology development and innovation into its
scientific and technological development programming, gradually increase the
strength of supporting new product, new technology research, and raise the
conversion rate of technological output; Encourage enterprises to integrate with
universities and colleges, research units to develop the new technologies and new
products; encourage enterprises to increase the input of  science and technology
development, help to establish a enterprise-dominated system of technological
development and innovation, gradually improve enterprises' independently creative
ability.
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The national relevant departments is actively carrying out important technical
demonstration , support enterprises in raising equipment level, improve the product
quality and productivity, lower the cost of production; encourage enterprises to
continuously develop new technologies, new products, increase species and
specification of products, extend the range of application, form some famous brand
products with higher prestige at home and aboard; Guide adjustment of the industrial
structure and the product structure, encourage to develop the third industry engaged in
the solar water-heaters' engineering, installing and service. By macro adjustment and
market guide, promote industrial upgrading, foster many national industries with the
international competitive power.

3. Assuring system of solar energy water heater industry and market
development

3.1 Assuring system of technology development and progress
® The technological development and input

The Chinese government attaches importance to the solar water-heaters industry at its
beginning. The national and regional governments established a series of research
development projects concerning the renewable energy and solar energy thermal
utilization, and continuously enlarge science and technology devotion and input,
such as "863 projects", "973 projects”, natural science fund etc. The input of the
seventh five year plan was 30 million RMB; input of the following three five year
plans was respectively 30 million, 60 million, 40 million RMB. During the tenth five
year plan, "863 projects" was input about 180 million RMB. Among them, an
important research is to develop the key technologies of solar energy water-heaters.
These research have Obtained many important technological results, one of which is
the evacuated tube technology. The technology was developed in the "75"period,
began to industrialize in the "85"period, and at present have already occupied more
than 87.5% of water-heater market.

® Capital Support and credit and loan

The fast development of the Chinese solar water-heaters industry is partly owing to
capital support of the government. The government continuously enlarges the input of
the industry in the way of technical innovation loan and national debt funds,

implement the integrated plan of producing, learning and studying. From 1987 to
1997, the government annually spent 120 million RMB of technical innovation loan
on renewable energy enterprises’ innovation, including some key enterprises in the
solar energy industry. In 2002, the government allocated 175 million RMB of
technical innovation loan and national debt funds to support Huangming Company,
Huihuang Company and Liguang Company to transform production line and upgrade
the industrial and the companies got 30 million, 15 million, 15 million RMB
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respectively; Some regional governments also gave corresponding financing support,
for example, Beijing Municipal allocated funds of 8 million RMB to Sangpu solar
energy technical company, and Chongqing Municipal loaned 50 million RMB to
Beipei General Glass Factory etc.

® Establish the research & development center dominated by enterprises

With the national related policy guiding, the Chinese solar water- heater industry have
formed an independent research &development system dominated by enterprises and
supported by universities and national institutes. For examples, Tsinghua University
independently developed vertical single target magnetron sputtering aluminum-
nitrogen/ aluminum selective absorption coating technology (national invention
patent),and have built up a relatively sound product research & development center;
Huangming Company of Shandong Province set up Huangming-Zhongke laboratory
cooperating with Engineering Physics institute of Chinese Academy of Sciences,
established common research & development cooperative relation with the University
of Sydney in Australia; Linuo of Shandong province together with a German
company set up cooperative development corporation; Beijing Sangpu company
continues to perfect test system of solar energy heat utilization; Other enterprises
also have been creating condition and preparing to build up their own research &
development organization. The whole industry owns its own core technologies and
intelligent property right.

3.2 Product quality control system
® The solar water- heater standardization system have formed basically

So far, our country has already promulgated 16 solar water- heater national standards,
and 3 professional standards, which basically constituted the solar water- heater
technical standard system of our country and provide the technical laws and
regulations for the development of solar energy water-heater industry.

® Basically form test and certificate system

In order to promote healthy development of the solar energy water-heater industry and
to speed up the construction of the industry commercialization ability, the former
National Economy and Trade Commission supported the construction of the national
class solar water-heater quality check center and the product certificate by supporting
the project of accelerating the construction of Chinese renewable energy
commercialization ability" which is studied by the United Nation Development
Program (UNDP) and Global Environment Foundation (GEF). Three national quality
test centers have already been set up in Peking, Wuhan, Kunming and a certificate
center have been set up in Beijing and will begin to operate formally in 2004. The
quality control of Chinese solar water-heaters will be standardized and get on a new
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stage.
3.3 National legislation

The 14th Session of Standing Committee of the tenth National People's Congress on
28 February 2005 had passed “the renewable energy law of the People's Republic of
China”, which will come into force on 1 January 2006.The implementation of the law
will give dependable legal assurance to the development of such renewable energy as
solar energy, and will bring new opportunity and new development situations for the
solar energy water- heater industry.

4. Problems and suggestions

4.1 Strengthen the development and generalization of the new technologies and
products, improve technological development ability and technical equipment
levels, encourage and support industrial upgrading and technological progress.

We must stick to the scientific and technological progress and innovation,
continuously improve and raise the technical level of solar low-temperature heat
utilization of our country, develop new technologies, new processes and new
products, serve the industrial development, ensure the industry to develop sustainably,
rapidly and healthily. We should continue to keep lead in industrial scale and at the
same time catch international advanced level in technologies.

Develop the integrated technologies of the solar energy and buildings and make the
solar energy become safe, stable, dependable energy that can be used as
low-temperature thermal source of buildings. The integral technologies include
engineering programming, design and process technologies, complementary
technology with conventional energy, control technologies, etc. The integration of
solar energy with buildings requires buildings to be energy-saving ones. Active and
passive sun space is a kind of such building that have significant energy-saving effect,
so national relevant departments should attach much importance to it, especially
should strongly generalize it in most of rural regions.

Enlarge the application of solar low-temperature thermal utilization technology,
actively develop the technologies of solar energy heat-supply and refrigeration,
seawater desalination and other utilization in industrial and agricultural fields.

4.2 Cooperate with other countries, introduce, digest and absorb foreign new
materials, new processes and new technologies that can make heat-collecting,
heat-keeping much more effective, such as high efficient coating technology,
heat-isolation materials, and try to realize their regionalization.

Follow the technological front-line of the international solar energy thermal utilization,
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concentrate advantages to develop fundamental research and application study of
solar high temperature utilization technologies.

Set up enterprise-dominated system of researching and developing Chinese solar
thermal utilization, establish national class open laboratory, make full use of regional
talents, study and experiment new materials and technologies; select and support
conditional large enterprises to build up research & development centers, making our
country reach international pioneering level in the way of solar thermal utilization.

4.3 Standardize the market of the solar water- heater product

Market management sectors at all levels should strengthen supervision, manage
according to laws, strictly execute laws, fight counterfeit and inferior products;
Eradicate completely arbitrary charge, test, fines and regional protectionism; Our
country doesn't encourage to practice the certificate of producing and selling for solar
water-heaters, governments at all levels should guide and request enterprises to carry
out national related standards, and if a kind of product have passed standards, regional
government must not test it repeatedly with other excuse; every regional government
should guide enterprises to observe related laws such as Law of Product Quality, Law
of the People's Republic of China Against Competition by Inappropriate Means and
Law of the People's Republic of China on the Protection of Consumers' Rights and
Interests Protection.

4.4 Direct and encourage enterprises to set up modern enterprise system,
operational mechanism and management mechanism, raise management level
and comprehensive strength

Encourage and forge resource reorganization, integration, and scale management in
the solar energy industry; Support a batch of backbone enterprises that have
independent intelligent property right and international competitive ability.

4.5 Make good publicity, strengthen training and information propaganda

propagandize the significance of utilizing solar energy in various media and ways,
popularize the solar water-heater knowledge, recommend new technologies and new
product; Properly hold product exhibition, and put advertisement; strengthen the
propaganda about integral technology of solar energy and buildings.

Strengthen the publicity of relevant standards, regularly train workers who are
engaged in technologically researching, managing and selling solar water-heaters, so
as to enhance their ability and quality. Take various forms and channels to foster

every kind of professional talents, roundly enhance competitive ability of the industry.

Strengthen the statistical system construction and informationization of the industry
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and enterprises, guide industry to develop healthily by information dissemination.
4.6 Special legislation of solar energy thermal utilization

Domestic and international experience proves that it is necessary to get the support of
governments so as to develop new energy and renewable energy utilization. The most
effective way is legislation. Now our country had passed Laws of Renewable Energy,
but it is not enough and it is necessary to constitute various special laws such as Laws
of Solar Energy Utilization; these special laws should definitely give various energy
such as the thermal energy, fuel, oil etc. the same support policies with electricity
development. Every regional government may establish regional renewable energy
law according to regional resources, economy, social condition and actual condition of
renewable energy industry development.
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The Expectation of Biomass Power Development in China

Ma Longlong
(Chinese Academy of Sciences Guangzhou Institute of Energy Conversion 510640)

Biomass power is important renewable energy resource that replaced oil and gas as
one of the main strategic energy resources. Biomass power, which is clear and
efficient technology, has advantages of high generation efficiency and protecting
environment. The research and application demonstrate that advanced biomass
power generation efficiency has reached 40%, with high energy utilization efficiency.
The carbon dioxide exhausted is equal to absorbing amount in biomass renewed
process, thus the carbon dioxide exhausted is null. It has important contribution to
alleviating and solving greenhouse effects. There is abundant biomass resource,
about 15% of primary energy exploited in China, occupying the second place after
coal. 30% in rural area energy is still biomass.

1. Biomass resource status

Biomass is multiform in China, including agricultural residue, firewood, forestry
residue, organic waste (such as livestock excreta, municipal domestic waste),
industrial waste (grain factory, paper mill, timber mill, sugar refinery, brewery, food
factory). Agricultural residue is the biggest biomass energy resource in China, more
than 50% of total (Figure 1). The biomass contains lots of energy, estimated at
487Mtoe each year, about 370Mt (76%) is used for power and heating, the other
117Mt is used for fodder and muck in rural areas.

O Agricultural residue

M Firewood and
forestry residue

[ Livestock excreta

O Industrial waste

B Municipal domestic
13.8 waste

Figure 1 The structure of Biomass energy resource in China (%) (Total 487Mtoe)

1.1 Agricultural residues

China is large agricultural country, the production processes of crops such as rice,
wheat, corn, beans, tubers, cotton and sugarcane produce a good deal of agricultural
residues, one of the most important sources of biomass in China. It produced 715Mt
agricultural residues, amounting to 250Mtoe energy. Figure 2 shows the energy
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potential of various agricultural residues. Rice, wheat and corn are three major crops,
which produce 70% of agricultural residues.

ORice

20.1
125

10.8

5.6

26.5

B Wheat
OCom
[0 Beans
l Tubers

62.2

329

O Oil-Crops
B Cotton

[0 Sugarcane

79.9

Figure 2 The output and energy potential of various agricultural residues (mtoe, 2001)
1.2 Forestry residues

Forestry residue is another important biomass resource. The forest of China is mainly
distributed in the northeast, southwest, northwest and southern hill areas. According to
the fifth national forest reserve survey (1994-1998) completed in 2000, the stock of
timber is 12.49billion m’, increased by 4% than the fourth. in China, the consumption
of the timber is mainly composed of three parts: 44.2% used to make woodwork,
33.1% consumed by timber mill and farm, the rest used to life fuel. The firewood and
forestry residues is about 157Mt, amounting to 67Mtoe in 1998.

There isn’t bioenergy crops industry now in China. According to statistics, China has
1.3million km? cultivated land, and 1.08million km? isn’t reclaimed yet, including
354,000km” available cultivated land. It will produce biomass 177Mt or 80Mtoe if the
354,000km” land is used to grow bioenergy crops.

1.3 Livestock excreta

In China, the livestock is composed of 447million pigs, 290million sheep, 5.28billion
fowls and 151.5million large animals such as horse, cattle, donkey, mule and camel in
2000.Thus the total amount of the excreta weighed up to 320Mt or 110 mtoe .

—&— livestock excreta(dry

weight,100million ton)

3.5 —m— 100Mtoe

3.0 F
25 |
2.0 4
1.5
1.0 |
0.5
0.0 ' ' ' ' ' ' ' ' ' '
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Figure 3 The increasing trends of biomass energy of livestock excreta
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1.4 Municipal domestic wastes

The municipal domestic wastes are the mixture of household, commerce and service
rubbishes, a few construction wastes. Many factors affect their composition and
quantity, such as urban population, resident income, fuel structure, eating habit, urban
construction and season. The rubbish composition between different cities differs
significantly, especially organic material. The organic composition in the developed
city is high and generally higher in the southern cities than the northern ones. The
waste heat value is different among cities, which is 4500kJ/kg in Beijing, Guangzhou,
Shanghai, Shenzhen, etc., about 3400kJ/kg in most areas. The municipal domestic
waste is produced about 150Mt or 15Mtoe each year and increasing by 10% more or
less.

1.5 Industrial wastes

Industrial biomass resource is the solid wastes produced by grain processing plant,
paper mill, timber mill, winery, sugar refinery and food factory. It is estimated that it
will produce 48Mtoe industrial solid wastes, including 18Mtoe crop chaffs, 0.3Mtoe
papermaking wastes, 60 Mtoe wood processing wastes.

2. Biomass power technology

With the economy sustainable and rapid developing, people’s living standard is
improving, and the demand for the electricity is increasing year by year. Thus
electricity shortage in recent years has not been solved completely yet. Some remote
areas are lack of electricity for a long time. Therefore it is meaningful for alleviating
the pressure of energy supply and social sustainable development that utilizing
biomass energy in advanced technology.

2.1 Direct combustion

The key technology and equipment of direct combustion are biomass boiler and
small-scale steam turbine generating set. The small-scale steam turbine technology
generally is mature, low cost but unefficient (Table 1).

Quite a lot of boiler manufacturing enterprises have already produced various biomass
boilers, the technology is mature. The central kinds are firewood (sawdust) boiler,
bagasse boiler, chaff boiler. Furthermore the boiler capacity, pressure parameter, etc.
can be designed according to the needs of user. The series of firewood boiler and
bagasse boiler is various, used extensively and broad range of capacity, pressure and
temperature. But because the domestic biomass fuel supply is insufficient, it is mostly
medium and small capacity products in the domestic market, the large equipment is
mainly exported to the international markets where biomass supply is concentrate and
sufficient. Chaff boiler is used less because of small capacity, which is applied to

143



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

enterprises with sufficient chaffs, lack of large-scale and concentrating biomass power
plant.

Table 1 small condensing steam turbine capability

Steam turbine | Parameter Total Unit Generation
size Steam consumption | electricity
(kW) (MPa) | (C) flow (kg/kWh) | efficiency

(t/h) (%)

1500 2.35 1390 8.4 5.60 20.0

3000 3.43 | 435 14.8 4.93 22.1

6000 3.43 | 435 28.5 4.75 22.9
12000 3.43 | 435 55.6 4.63 23.5
25000 343 | 435 111.0 4.44 24.5
25000 8.83 | 535 91.0 3.64 28.5

2.2 Mixed combustion

The biomass density energy is low, the volume is large and the carbon dioxide
emission increase during the transport course, thus it isn’t adapted to large-scale and
concentrating biomass power plant. However, the scattered small-scale biomass
power plant is high investment and labour cost, low efficiency and benefit. It becomes
new concept that combusting the mixture of biomass and fossil fuel in large-scale
coal-fired power plant. It not only offers the chance that optimizing biomass and fossil
fuel mixed, but a lot of extant equipments also haven’t to change largely, making the
investment cost low. Moreover, large-scale power plant is adjustable, adapting to
various mixture fuels and making the device adapt to local biomass characteristics.

Most coal-fired power plants burn the fine coal; biomass must pass through the
pretreatment, because the machine for rubbing coal is unsuitable for crushed biomass
such as the bark, forest residue or block, etc. Biomass and coal mixed combustion is
very potential. This simple technology can reduce the carbon dioxide emission

obviously. Biomass mixed combustion is divided into four modes:

a) Biomass combustion is in an independent system, the heat produced is used for the
boiler of the power station;

b) Biomass combust on stockers assembled in the furnace coal-fired boiler;
¢) Biomass crushed by special pulverizer combust with coal in boiler;
d) Biomass after gasification convert to the boiler gas fuel.

Although biomass mixed combustion power technology is economical, it seldom
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applies in China. Because it is short of effective operation and intendance means, out
of subsidy or protecting policy.

2.3 Biomass gasification

China developed biomass gasification technology in the early 1960s. on a base of
chaff gasification technology, it made a farther research on biomass gasification
technology, mainly study on generation capacity and different biomass materials,
successively developing various generating sets from 2.5kW to 200kW. In recent
years, China thinks much of the research and application of medium-small scaled
biomass gasification generation technology. The developed technology has the
characteristics of low investment and flexibility. The capacity of biomass gasification
generation system developed is from less than IMW to 6 MW. The gasifiers have four
structures: layer downdraft gasifier, open gasifier, downdraft gasifier and circulating
fluid bed gasifier. It adopts the single gas internal combustion engine and double
internal combustion engine. Single system’s power is amount to 400 kW practically.
The MW-class gasification power system developed from single gas engine to
gas-steam circulating cogeneration electricity, the system efficiency increased from
18% to 28%. Circulating fluid bed power generation from gasification system has
economic benefits for treating with numerous biomass, thus it spreads fast in China
and becomes the most medium gasification power system applied in the world.

As advanced power generation from gasification, biomass IGCC consumes lower than
conventional system, efficiency is more than 40%. Since 1990, many advanced
countries started the relative research. It is still in the stage of R&D.

2.4 Technical application conditions

The biomass direct combustion power technology is efficient and unit investment is
reasonable in large scale. But it requests the biomass concentrated. Considering
collection and transportation, its cost is high for numerous biomass. Thus it’s suitable
for the modern big farm or large processing plant, not suitable for scattered biomass in
the developing country.

Medium-small scaled biomass gasification for power generation technology is mature
in developed countries, but it is uncompetitive due to small scale and complex process.
And its cost(above 1200 dollar/kW) and run cost are high, so it difficultly enters the
market of developing country. However the technology developed in China has the
characteristics of low investment, low cost and flexibility, one of the most competitive
technology. The small-scale biomass gasification for power generation technology,
which is suitable for utilizing scattered biomass, has been in the business
demonstration stage. It accords with the conditions of developing country.
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Table 2 Biomass power technical characteristic comparison

. . L . Mixed
Generation Direct Gasification Mixed ] ]
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mode combustion combustion combustion ]
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. through gas ] biomass after
utilize the stream . biomass and . .
o . . turbine or gas gasification
Characteristic | from boiler direct . coal combust .
] engine after . . combust with coal
combustion; ) i directly in ) .
gasification; . in boiler;
boiler;
mature simple
technology, ) technology,
low pollution current,
larger scale, Use .
o terial Small scale, enl less impact on
simple materia . . conveniently,
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pretreatment, . lowest )
) flexible, . . obviously
reliable . investment if )
. low investment; . - economical;
equipment, low don’t improve
run cost; equipment;
complex
) ) equipment, ) add gasification
high pollution, q P require .
. immature equipment,
small size, treatment .
) ) large-scale : complicated
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. . generation . management;
unitary material, 1mpact on .
L system, . corroding the
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maintenance cost
large-scale medium and . .
o . timber generation system
Application generation small-scale . . .
- i materials. disposing of vast
condition system generation Ibol bi
Special boiler; iomass;
(>20MW); system; p

2.5 Economic analysis of biomass power technology

2.5.1 Economic indicator

Table 3 Economic indicators of various biomass power technology

Indicator Biomass power technology
Installed capacity (MW) 24MW 6 MW 6 MW 3 MW
import domestic
direct direct efficient simple
Generation mode combustion | combustion | gasification | gasification
Generation efficiency(%) 25.6 19.5 25.6 18.0
Runtime (h/a) 7500 6500 6500 6000
Consumed electricity (kW) 2400 600 600 150
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Electricity capacity (MWh/a) 180000 39000 39000 18000
Biomass consumption (kg/kWh) 1.05 1.37 1.05 1.48
Material price (RMB/t) 171 155 155 155
Consumables cost (RMB/kWh) 0.0265 0.0265 0.045 0.05
Electricity sold (MWh/a) 162000 35100 35100 17100
Staff 150 60 60 35
Staff expenses (RMB/personea) 25000 25000 25000 25000
Equipment maintenance rate (%) 1.5 1.5 1.5 1.5
Own capital input (thousand RMB) 92400 13650 13650 4725
Loan (thousand RMB) 171600 25350 25350 8775
Theoretical grid price (RMB/kWh) 0.600 0.574 0.535 0.551

Notes: 1. materials price is calculated by distance: 155RMB/t less than 15km, or else 171RMB/;
2. Own capital is calculated at 35%, others is loan of 5% interest;
3. Theoretical grid price is calculated at 10% of total investment internal rate of return.

2.5.2 The impact of different conditions on biomass power economy

Figures 4-7 show the impacts of different conditions on biomass power economy.

-~ 25 - =10

= —— MIF (miugin s —+— MBT (rmbugin

EXr —— gl nmiugin En —clF  Imiugin

= geif —— 60 [asfilatin E15 ——clE  1EsFiltin

= —— o lisfilatin =xn —— g lisfilitin

E 10 prr=r=———— TR s L e s E (5

= =1 TR | e —— -

E 5 B “"—\—“\\‘\.\_\_&‘-\-\T_\_‘ E 5

= 0 s = :

- 175 150 175 B5 190 A0 ME M5 MM 4500 GO0 8500 DS0 12500
Material nrice [RMEM) Py e FTIEFICIRAE L |

Figure 4 The relation between material price Figure 5 The impact of investment cost on

and internal rate of return internal rate of return

(2]
=

=g .
Z oe | —— 20 miuzim T |+ 2T LT
2 5 | —=—edw nmiuiin = S peekr UL
S| s nishintin 27 | o it
=i g = 6 [ gy lisFiliLin
2 oo IiSfIIItI!n A R B o =
= in o e = 1 -L-‘-‘-I-L-‘-I:;_‘Ff B
E B[ /‘f - = ﬂr_:;’-//"
2. — z,
0.IE 0.E 0B 0Bl 0B 0E DE DB IsE0 {0 IBOD G000 EEON  EOOD  TOOD  BOOD
firid nrico[FE EWh] Runtirre(h/fa]

Figure 6 The impact of grid price on Figure 7 The relation between Ultilization of

internal rate of return

capacity and internal rate of return

147



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

Power generation efficiency is very sensitive to the material price, the expensive
material could be used to efficient equipment. Generally speaking, assuring the
internal rate of return 10%, the material price must be controlled at about
175RMByuan/t, under the condition of 0.52RMByuan/t grid price. It is difficult to
appear in most areas, specially more difficult for large generation system demanding
for collecting and reserving a mass of materials.

The unit investment of equipments is an important parameter in the person of
technology economic benefit and competition. The investment internal rate of return
of the 24MW equipment imported is biggest, under the same investment cost (Figure
5). Under the -current price(imports 11000 RMByuan/kW, domestics
6500RMByuan/kW), The investment internal rate of return of the domestic
equipment is higher than that of import, thus domestic equipment is more competitive
than import, though domestic equipment efficiency is less than import.

The grid price is relative to electricity generation cost directly. The low cost project
can support lower grid price. Generally speaking, among the same type technologies,
the more efficient it is, the lower run cost is; the bigger the scale is, the lower run cost
is. Attentively, the run cost of mature technology is low, because of the different
demands for equipment maintenance. Therefore the expensive fittings of imported
equipment bring on high run cost. Keeping the investment internal rate of return about
10%, when the electricity is generated by imported equipment, the grid price is
supposed to be 0.6RMByuan/kWh. And it is 0.535RMByuan/kWh when electricity is
generated by gas-surplus heating utilized system. But the unefficient equipment is
more sensitive to price (Figure 6).

Utilization of capacity is a synthetical reflection of technology used. The higher
utilization of capacity is, the maturer technology is. However, the higher utilization of
capacity designed demand for more dependability of technology and material supply.
In order to attaining 10% internal rate of return, movement time of the 24MW
equipment is requested to run 8000 hours, namely the utilization of capacity is 91.3%.
This request is strict, it is difficult to utilization of capacity attaining above 90% all of
the year, especially straws that is various, distant-collected, frequently replaced

material.

3. The development trend of biomass power technology

Biomass power technology will be limited by its characteristics and the situation of
our country, which will be divided into three modes: miniaturization and approach to

the End-User, integrative utilization and co-supply of combined gas-heat, distributed
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power system.
3.1 Miniaturization and approach to the end-user

Limited by materials, it is the easiest technology to come true for miniaturization and
approach to the End-User. Taking grind mill as example, the output of chaff limited by
production isn’t low. Therefore power station corresponding to the output of chaff is
the most economical. And the power as supplement of grind mill, supply to the
production and life directly. It saves the grid part, reduces the investment, simplifies
the system, reduce the run cost. Utilizing the biomass resource in existence, the mode
of approach to the End-User is the most valid directly and prone to apply.

The sugar refinery used cassava and sugarcane as materials, medium-small scale
slaughterhouse, Livestock farm and timber factory are all potential users of
miniaturization and approach to the end-user.

3.2 Integrative utilization and co-supply of combined gas-heat

Improving the system efficiency is a basic measure to utilize biomass resource most
effectually. In large-scale biomass power system, the integrative utilization and
co-supply of combined gas-heat is prone to improve the efficiency. It adopts many
combined technologies and combined gas-heat production technology to optimize the
system, improve the efficiency and utilizing biomass resource most effectually,
according to different material characteristics, user’s demands and crafts. The large
scale slaughterhouse, timber factory and the areas where agricultural and forestry

residues concentrated are all potential markets.

3.3 Distributed power system

Considering the power grid security, distributed power system is considered as the
best means. The intending power system should be combination of concentrated and
distributed systems. The central structure is composed of concentrated generation
electricity, distant main-stem transmission network, regional distributed network and
distributed power system principally composed of minitype network. Biomass power
system is convenient and prone to realize, which applies clean, efficient and reliable

power to end-users, whichever mode and whatever scale it is.

3.4 Development perspective

In 2010, it is concentrated on large scale biomass gasification power technology,
spreading direct combustion technology and developing IGCC generation electricity
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system for business at the same time in developed countries. In the USA, the 6MW
and 60MW IGCC projects as industrial demonstration application will be completed
in 2010 or so. The total installed capacity will reach 6.1GW in 2010 and generate
electricity 200TWh in 2020. In 2030, the living biomass power technology will

marketize completely, as one of the central energy in 2030.

China is in the stage of biomass power technology developing and applying to
business, during 2000 and 2020. Biomass gasification for generation electricity should
apply to business in the areas where biomass is abundant and energy is absent and
expensive. Biomass direct combustion technology should apply where biomass is
concentrated and industry demands for more energy.

4. Barriers to biomass power technology and recommendations

There are three barriers restricting the application of biomass power technology in
China, they’re technological barriers, economic barriers, and policy barriers. The
barriers are different with other countries due to the situation of China.

4.1 Technological barriers

The research on biomass power technology is scanty, because of scanty capital for
research and powerless equipment enterprises in China. It is mainly attended to
research on medium-small scale biomass gasification technology for generation
electricity, and boiler or other pyrogenation equipment enterprises develop the direct
combustion technology in the recent years. There is lack of the experience in biomass
power technology application, except a few biomass gasification technologies for
generation electricity in the stage of demonstration. In short, the category of mature

biomass power technology isn’t abundant, holistic research isn’t good enough.

4.2 Economic barriers

The economic is another barrier restricting industrialization of biomass power. The
major restricting factors are lacking investment and raising money hard. The biomass
power project has the characteristics of small scale, relatively high cost and low
density of capital. The investors invest with discretion, considering decentralization of
capital and difficulty of management. The investment of medium-small scaled
biomass power projects was on the order of 1 to 10 million RMB yuan. It is still
difficult for medium-small scaled enterprises to complete the projects, especially the
enterprises in the rural areas. Biomass power is full of investment risk and not

completely understood, thus it is difficult to get a bank loan presently.
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4.3 Policy barriers

Chinese government constitutes some sustaining policies on renewable energy, and
the policies are ambiguous and hard to execute for local government. The sustaining
policies are mainly instructional and not imperative, lacking of economic encourage.
The preferential price of electricity generated from renewable energy is the cost of
economic benefits of local power grid. It directly affects the positivity of local
government developing renewable energy, due to lacks of subsidies.

4.4 Policy demand of biomass power technology development in China

Renewable energy power technology is obviously restricted by policies and social
accepting degree whose impact on biomass power project is evident. This is because
that most people consider biomass as conventional energy and some local
governments don’t know the preferential policy. Another reason is that most biomass
power projects are small, even smaller than wind power station, and every biomass
power station(less than 1000kW) has to pass a series of examining and approving
procedures, including project, feasibility and preferential price, that affects the
positivity of social investment. To expand biomass power in force, Chinese

government should constitute detailed sustaining policies that include:
4.4.1 Constitute programmed legislation

It demands for constituting easy-operating management procedure, making investors
understand the demand and procedure of application.

4.4.2 Constitute canonical qualification authentication procedure

Because of the differences in materials, scale and technology, the technology
parameter, capital and benefit are different. It’s difficult to constitute simple standard
for biomass power technology. It requests the government to constitute canonical
qualification authentication procedure, considering impacts of environmental and
social benefits. These canonical procedures will help gasification mixed combustion
generation electricity technology to apply widely. The government hasn’t to restrict

and provide what technology investors choose.
4.4.3 Provide market condition of fair competition
The biomass power cost is decided by the technology and resource, higher than
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conventional power, even wind power cost in some areas. However it is suitable for
rural areas, because it help increase production, provide country employment and
develop local economy. For providing market condition of fair competition, the
government should reflect in the round on social and environmental effects of

biomass energy.

5. Conclusion

(1) Biomass resource is multiform, abundant. The biomass power technology has
great potential of application and good development perspective.

(2) Currently agricultural residue is central part of biomass resource, owing to
Chinese present economic status. Its characteristics are dispersed resource, high
collection and transportation cost, great change with seasons and unstable provision.

(3) Biomass power technology is mature and applied broadly. Foreign direct
combustion technology is successful, and China is good at gasification generation
electricity. Restricted manufacture, throughput and lacking of experience in direct
combustion technology, it need improve equipment production in order to reduce the
investment cost.

(4) In the mass biomass power technology is affected easily and not economical,
thus it is in need of special incentives to develop and popularize the technology.

(5) Considering economic status and biomass power technology in China, the

government should provide advantaged condition on policy and pay attention to the

diversification of technology and investment.
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The Development Potential of Biofuel in China

Gu Shuhua (Institute of Nuclear and New Energy Technology Tsinghua University)
Zenling (School of public policy management, Tsinghua University)

1. Liquid biofuel is a major focus of China’s future plan for developing biomass
energy.

1.1 The momentum for liquid biofuel Industry is to seek oil security.

Biomass Energy is an energy source derived from cereal stalks, agricultural waste,
firewood, animal waste, organic industrial waste water and residue, city household
garbage and energy plants. Biomass energy could turn into terminal energy sources
like power, gas fuel, solid fuel and liquid fuel, among which, liquid biofuel receives
the most attention. Many countries around the globe have already started developing a
biofuel Industry(including production of liquid bio-fuel and relevant Industries, such
as energy agriculture and forestry) for the purpose of securing oil safety.

In 2004, China consumed 0.31 billion tons of oil, among which 1.2 billion was
imported, making up 38.7% of the total. IEA predicted that China would depend
61.0% of its oil supply from import by 2010, and 76.9% by 2020. China’s sharp
increase of oil import and its growing dependency on import pose potential threat to
its oil security and raise concerns and worries among other countries. Could domestic
oil production and alternative energy supply “feed China”? Compared with the limited
coal liquefaction and natural gas exploitation, liquid biofuel, as a renewable and
promising energy form, has drawn more and more attention. In 2002, Brazil
fermented cane sugar to distillate ethanol and consumed 10.4 billion kilolitres of it,
the substitute rate is close to 40%.

Though U.S. and European countries have gained much experience in developing
liquid biofuel, Brazil’s development course is more close to that of China. Brazil’s
liquid biofuel Industry ,which began from ethanol projects and then extended to
bio-diesel , was set up in 1975 in order to:1). secure its energy safety and economic
development: during the first oil crisis in 1973-1974, Brazil lost 4 billions dollars and
its national economy suffered a heavy blow since 80% of its fuel supply depended on
import then. 2). safeguard the development its plantations and protect farmers’
interests, as Brazil has the world’s largest sugar cane plantations.

1.2 Liquid biofuel Industry would bring environment benefits.

Large scale development of energy agriculture and forestry would effectively afforest
barren lands and hills, reduce soil erosion and prevent water and soil lost. The use of
liquid biofuel would have a positive influence on the protection and improvement of
the atmosphere: compared with fossil fuels, the burning of liquid biofuel produces few
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air pollutants like NOx and SOx; as plants absorb and produce CO2 and thus form the
carbon cycle, the discharge of CO2 by using liquid biofuel is significantly lower than
normal fuels.

If liquid biofuel production could reach 0.105 billion ton by 2050(The statistic is
based on the analysis of biomass energy in the research project “an anylysis on the
mid and long term energy development and usage of China” published in 2005 by the
Energy Research Institute. According to the analysis, energy forestry would mainly
focus on raw materials for bio-diesel and energy agriculture on raw materials for
ethanol. The estimated production of ethanol would be 3.9 ,7.3,16.0 million tons in
2020,2030,2050 respectively and that of bio-diesel 15,33,89 million tons), about 30
million hectare barren lands and hills could be reforested and the discharge of CO2 be
reduced by 0.31 billion tons.

1.3 the development of liquid biofuel Industry would also help solve the rural
problems.

Constructing an industrial chain from energy agriculture and forestry to the
production of liquid biofuel would be an effective way to solve the rural problems
existing in China.

1.3.1 drive the development of agriculture and forestry .

The estimated production of liquid biofuel in 2020 is around 19 million tons, which
would help create production value of 100 billion yuan for central and regional
governments according to preliminary calculation. If the liquid biofuel production
could reach 0.105 billion tons by 2050, it could create production value of 500 billion
yuan , employ more than 10 million workers (mainly for energy agriculture and
forestry),and give great momentum to the rural economic development. The initial
investment to reach this production scale (mostly on investment in Industrial
development, the forestation of barren lands and hills ,and tree species) could be
controlled within 1 trillion yuan. The ratio of annual production value against
investment (1:2) is larger than that of some normal energy Industry sectors.( for
instance, the ratio of annual production value against investment is approximately
1:1.25).

1.3.2 Create jobs, especially in the rural area.
The liquid biofuel Industry could employ more than 10 million workers. With the
majority of them from rural areas, the Industry could help ease the condition of heavy

unemployment in the rural areas.

1.3.3 Support the urbanization of China
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On one hand, urbanization raises the per capita energy requirement, especially per
capita requirement for fuel; on the other hand, urbanization require accompanying
Industrial development and creation of job opportunities (to certain extent, more jobs
need to be created in the rural areas to cushion the huge migrating crowd into the
towns): energy agriculture and forestry would play an important role in both sectors.

2. The current situation and development trend of China’s liquid biofuel
Industry

2.1 China has the basic technology to develop the liquid biofuel Industry.

The key technology of liquid biofuel Industry is the liquid biofuel technology and the
technique of breeding selections and planting the energy plants. Since the Eighth 5
year Plan, China has been carrying out researches on liquid biofuel transition
technology, using traditional methods to produce alcohols and oil products from crops
and oil plants, which is only limited to food and light Industry. Producing fuels for
transportation energy started when the former State planning Commission announced
and implemented it during the “ninth 5 year plan” period. Energy plant is a new word
in China. But researches on the breeding selection and planting technology have been
going on for years.

2.1.1 Producing liquid biofuel from deteriorative grain

Currently, liquid biofuel is largely produced from deteriorative grain in China. Strictly
speaking, producing ethanol from deteriorative grain is not energy agriculture, for
grain plants and energy plants have every distinct difference in their usage. However,
this technology have helped to accumulate experience and laid the foundation for the
liquid biofuel Industry. When sorgo and other energy plants are planted in large scales,
the Industry could turn to these new raw materials.

Approved by the State Council, the Former National Planning Commission
announced to add ethanol in motor petrol in China. At the same time, The State
Bureau of Quality and Technical Supervision announced two national
standards :“Denatured fuel ethanol” and “Ethanol gasoline for motor vehicles”. The
government invested more than 5 billion yuan, approved to set up 4 fuel ethanol
Production Company to get rid of “deteriorative grain”. Now the companies are put
into production and have an annul production capacity of 1 million tons. The cost of
producing ethanol from grain is 3000 yuan per ton, added with the production cost;
the cost for producing ethanol is 4000 yuan per ton.

The State government have ordered Heilongjiang ,Jilin ,Liaoning, Henan, Anhui, and
part of Hubei, Shangdong, Hebei and Jiangsu to enforce the use of ethanol gasoline
for motor vehicles. Till 2005, all the cars in the above mentioned provinces and their
governing cities have to use ethanol gasoline, military and special reserves excluded.
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2.1.2 Energy plants: sorgo and sugar cane

Thanks to the research program “ producing fuel ethanol from sorgo stalk” supported
by the “863 Plan” of the ministry of Science and Technology, the sorgo species ,the
planting techniques and the production technology are mature. Now the country has
an annul production of fuel ethanol of 5000 ton. Sorgo plantations have been set up in
Heilongjiang, the Inner Mongolia Autonomous Region, Xinjiang Uygur Autonomous
Region, Liangning and Shandong, to produce fuel ethanol. To cost for purchasing
sorgo stalks is 2000 yuan for one ton of fuel ethanol, added with production cost, the
production cost of fuel ethanol is 3500 per ton. To produce a ton of fuel ethanol
requires 16 tons of sorgo stalks (the average output of 4 mou in northern China). The
waste could produce 500 kilos of bio-diesel. The ethanol production only uses sorgo’s
stalk, its seeds could still serve as grain.(not used to ferment to produce ethanol) .The
sorgo plant is suitable to plant in any place where temperature is above 10 and
effective accumulated temperature above 2000. Compared to other plants, sorgo is
more capable of eduring drought and lodgement of water ,as well as adjusting to
alkaline lands.

Sugar cane is an important sugar plant in China. In recent years, sugar cane
plantations have played an important role in lifting out poverty in Guangxi, Yunnan
and Guizhou provinces. However, the demand for sugar is limited and as a result of
the introduction of Sweet flavors, there have been large fluctuations of planting areas.
However, there is a huge demand for fuel ethanol, making Southern China the favorite
place for mass producing raw materials for fuel ethanol. Approximately 4 mou’s
output of sugar cane is required to produce a ton of ethanol, almost the same as sorgo.
The production waste could also used to produce bio-diesel.

2.1.3 Energy plants: Barbadosnut and Pistacia lentiscus

China has made achievement in the research of forest plants. It has developed an
industry in the southern part of China. Many cases of producing bio-diesel oil from
colza oil, cottonseed oil, woodoil, Chinese tallow oil, tea oil in miniature occur in
these areas. In recent years, China has developed new technology of producing
bio-diesel oil from seeds to avoid the competition for raw material with oil and
industry oil, which primarily can be commercialized. Sichuan province sets up a
bio-diesel oil factory whose capacity reaches one hundred thousand tons. It can
produce 20000 ton at present and set up the product standards. The price of raw
material is the main factor the limitation of the technology. The price of barbadosnut
seeds is 1.4 Yuan per 500 gram, while every ton of bio-diesel oil needs more than
three tons barbadosnut and cost more than 4000yuan. The amount of bio-diesel oil
which was made from per acre of area of barbadosnut can reach 200kg.the oil
percentage of Pistacia lentiscus is about 30%. On condition that 40 Pistacia lentiscus
grow in per acre of area and every Pistacia lentiscus can produce 20 kg seeds, the
amount of bio-diesel oil which was made from per acre of area of Pistacia lentiscus is
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also 200kg.Both barbadosnut and Pistacia lentiscus can grow in rather wide area in
China. With the development of relevant research, it is absolutely possible that similar
or more productive adoptable species can be discovered or cultivated. (Including the
ameliorative species of barbadosnut and Pistacia lentiscus)

2.1.4 Economic benefits of the bio-oil industry
Take raw material of grain alcohol, sweet sorghum bicolorthe, for example. According
to the experience in Inner Mongolia, per acre of sweet sorghum bicolorthe can bring

140 Yuan more than common corn. (Chart 1)

Table 1 benefits of sweet sorghum compared with corn:

. Per acre income of sweet Per acre income
unit/Yuan ) Note
sorghum bicolorthe of corn
Seeds 400 500 The cost is similar
The corn haulm will be burnt
directly, while the sweet
Haulm 240 0 .
sorghum haulm will be sold to
the alcohol factory.
Total 640 500

To plant barbadosnut tree also bring more benefits: even at the low productivity, 450
kg per acre, it brings 630 Yuan per acre.

At present, the cost of biofuel is high than fossil fuel, but the technological innovation
has great potential to reduce cost. Take Brazil as an example, the production cost of
ethanol has been reduced to 300 dollars from 800. In addition, because fossil fuel
reservs are limited,the price will continue to rise.In comparison,biofuel has a
relatively competitive price advantage.

2.2 The currect scale of biofuel industry and product price in China
China’s bio-diesel industry is now in its preliminary stage, with an annul production
capacity of less than 30 thousand tons,but it has a bright future.Relevant information

is available in table 2,3,4. ( reference: Liu shunde, professor in college of chemistry in
tsinghua university)
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Table 2 the current situation of biofuel industry in China:

corporation | Starting | Designed | Current | Raw techniques operating costs market
time capacity | capacity | material
Zhuoyue Nov in | 20,000 20,000 | Waste Solid  acid | Process cost | Price
new energy | 2001 tons tons oil(all catalysis 800RMB/ton(raw | 4250RMB/ton ;
cooperation over craft material not | sell to the local
in Longyan China) | developed by | included) gas station or
themselves) consumers
Gushan 2000 10,000 Less Waste chemistry NA NA
grease ton than oil alkali
chemistry 5000 catalyzes
cooperation ton
in Sichuan
Zhenghe 2000 10,000 NA oil chemistry No product sells | —
cooperation ton wood alkali
in Hainan catalyzes
Table 3 completed mid scale experiment:
corporation Starting time | Designed | Current Raw techniques | operating costs
capacity | Capacity material
Broad 2004-2005 200 200K g/day | colza Biology Process cost
bioengineering Kg/day oil enzyme 800RMB/ton(raw
corporation in craft of | material not
Hunan chemistry | included)
department
in tsinghua
university
Table 4 some of currently planned commercialized program:
corporation Starting | Designed | Raw techniques | operating costs market
time capacity | material
Hongchang 2006 30,000in | Local Biology Process cost | sell to the
group in 2006; oilwood enzyme 700-800RMB/ton(raw | gas station
xinyang,Henan 100,000in | (Chinese | craft of | material not | all  over
2010; tallow chemistry | included) China or
300,000in | oil. waste | department consumers
2015 oil allover | in tsinghua
china) etc | university
Broad 2006 4F | 100000 Waste iol | Biology Process cost | Gas
bioengineering tons enzyme 700-800RMB/ton(raw | station
corporation in craft of | material not | and local
Hunan chemistry | included) bus
department
in
Tsinghua
university
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Anhui province became the fifth pilot province for grain alcohol after Heilongjiang,
Jilin, Liaoning, Henan in aprillst, 2005. The capacity of alcohol fuel can reach
860000 ton per year. (Chart 5). Anhui Fengyuan group is building devices for
alcohol fuel with a capacity of 200000 tons, which can produce alcohol fuel in this
year and China's capacity of alcohol fuel will reach 1020000 tons per year. Alcohol
fuel sells at the price of gasoline’s price multiplied 0.911. The government will
provide allowance to cover the margins.

Table 5 distribution of raw material of alcohol fuel and capacity:

Capacity Raw materials Capacity of Raw material

(10 thousand tons/year) (10 thousand tons/year)
Jilin 30 Corn 99
Heilongjiang | 10 Corn 33
Henna 30 Wheat/ Tapioca 90
Anhui 12 corn 36

2.3 The potential and future of the biofuel in China
2.3.1 China has great space for the development of biofuel

The resource potential is mainly determined by the acreage of suitable area for energy
plants and the productivity of per acre. The soil resources available for energy
agriculture is sufficient :9470000 hectares area suitable for farming, at the percentage
of 60% ;there are 722 400 hectares area for sorghum bicolorthe in 2003, at the
percentage 80% of promotion of sweet sorgum bicolorthe; among 8000000 hectares
salty alkaline area, about 1670000 hectares has been alliterated ,at the percentage of
80% ,7596000 hectares area can be used in the energy agriculture in total. As to
grow sweet sorghum bicolorthe(the output of biofuel is similar to common sugarcane),
it can produce about 285000000 tons bio- alcohol and 14250000 tons of bio-diesel
oil. All the area mentioned above is not conflicted with the planned agricultural.
According to the long term prediction of the food supplies, the field needn’t increase,
for the growth of potential per acre.

Excluding the land used for energy agriculture ,the usable land resources for energy
forestry include: 60% of the 57 million hectares non-stocked land(some are used to
develop commercial forest); 80% of the 14.7 million hectares land afforested from
farm land(Some of the land is used as orchard .Considering the limited demand for
fruit and that China has 2.12 million hectares reserve land for orchard, the percentage
is relatively high), and 40% of the 53.93 million hectares barren land and hills suitable
for forestry. In total, the land for energy forestry is 67.53 million hectares. If we plant
the mastic tree on all the land, 202.6 million tons of bio-diesel could be produced.
Referring to the mid and long term forestry plan of China, the above usage of land for
energy forestry has few conflicts with that plan.
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Energy agriculture and forestry has potentials. Firstly, China need to properly use its
current cultivated land, forest land and cultivated land reserves(55.2million hectares,
about 14% of the total cultivated land and forest land).Secondly, barren land and
hills(21.6 million hectares, 40% of the total barren land and hills) need to be properly
developed. Thirdly, some Salinized cultivated land could also be reshaped and reused.
(13 million hectares, 17% of the total Salinized land). All together, the total amount of
land for energy agriculture and forestry is 78 million hectares ( China has 130 million
cultivated land and 260 forest land). These land resources could serve as a solid basis
for the raw materials required by biofuel Industry.

In addition, research and technology are carving out new energy resources. Algae is
rich in biomass and once algae species with high oil content are developed and
Industrialized, tens of millions of bio-diesel could be produced, for China has 50
million mou of coastal shallow land and inland water area. Using modern bio
technology like genetic project, the US National Renewable Energy Laboratory has
breeded algae with 60% of oil content, capable of producing more than 2 tons of
bio-diesel per mou. In the past 2 decades, Ocean University of Qingdao has carried
out more than 30 provincial and state biotechnology researches on algae breeding
selections, and has accumulated valuable experience on algae research and breeding.
If we could combine modern biotechnology and traditional breeding selections
method together, optimize breeding conditions, it is possible to plant high oil content
algae in large scales.

2.3.2 Predictions on China’s biofuel practical development

In the passages above, we analyzed the potential of biofuel from the resources
potential, but its practical development relies on many complicated factors, mainly:

1) Demand. China’s oil supply would be stressful. Oil from Domestic production,
foreign import and liquidation of coal is limited, which provides a good opportunity
for the development of biofuel Industry.

2) Economical efficiency. The economical efficiency of liquid biofuel depends on the
maturity of the technology, cost reduction resulted from scale production, and the oil
price.( Now little of the internalization of environmental cost is considered) The
price oil might fluctuate and remain uncertain in a short period ,but in the long run,
the rising trend is quite obvious. Compared to crude oil, as the technology matures
and production scale increases, the cost of liquid biofuel would decrease continually
and thus increase its competitive power.

3) Integrity. On one hand ,an important part of the core technology of Liquid biofuel
project lies in research and technology. It is a typical energy project that requires scale
and time( So an energy plan is required): if is to use Saline land or barren land, the
time required to reshape the land has to be considered, and in energy forestry, there is
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a growing period for trees. On the other hand, the raw materials are from agriculture
and forestry. Whether China can smoothly and coordinately develop its liquid biofuel
Industry or not largely depends on the integration of energy ,agriculture and forestry
deparments. Take US as an example, both its energy ministry and agriculture ministry
has an energy agriculture project and the two ministries have maintained good
cooperation and communication.

4) Policies. On one hand, liquid biofuel has its significant energy, environmental and
social benefits, and should be supported by policies. On the other hand, the central
government has strict plans for the usage of land. The required land for energy
agriculture and forestry should be included in the land usage plan.

Based on these analysis, one situation for the liquid biofuel development is: in 2010,
annual liquid biofuel production is 6 million tons ,with production value at 24 billion
yuan, among which, ethanol(Ethanol gasoline for motor vehicles)production is 5
millions tons and bio-diesel 1 million. In 2020, annual liquid biofuel production is 19
million tons, with production value at 100 billion yuan, among which, ethanol
production is 10 million tons and bio-diesel 9 millions.

3. Discussions on the China’s development strategy of liquid biofuel.

3.1 The “State invest at the initial stage , corporations and research institutions
be the major force” research and development strategy.

The maturity and economic beneficiary of technology is of vital importance for
renewable energy Industries. Many countries have accumulated experience in the
research and development of renewable energies, especially the US. America’s key
strategy for renewable energy development has been consistent and precise:
Government invest at the initial stage, attract Industry community to participate in
research and development of key technologies that might be of great importantce in
the long run (20 or even 50 years later), accelerate the commercialization of the
technology and develop the related equipment manufacturing system. The U.S
government encourages corporations to secure the country’s top position in renewable
energy technology, and it has established and is going to establish a series of policies
and pass laws to promote the development biomass energy technology and its
commercialization , for instance “ the biomass research and development act of
2000”.

To secure the development and promotion of biomass research, the U.S. Department
of Energy has decided to invest 5 million dollars research fund to attract relative
companies and institutions to apply for its laid out projects. Currently there is a
popular trend for biomass research and many institutions participated in the project.
To seek more research fund, the U.S government promoted the purchase of renewable
energy credit card.
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The US has also taken measures to directly inspire consumers and researchers. For
instance, in July, 2003, US Department of Agriculture appropriated 0.77 million
dollars to National Bio-diesel Board, entrusting it to start the Bio-diesel Education
Program, and at the same time, appropriated 0.19 million dollars to honor researchers
in Idaho University for their outing standing contributions in bio-diesel research.

Learning from American experience, it is important for the government to invest at
the initial stage( especially concerning Chinese government’s tight control over the
energy and agriculture departments) so that : sufficient funds could be secured for key
technology development ; competitive or related technologies could be reviewed and
develop within a systematic frame equally.

The “based on the market mechanism, with the necessary policy support “Industrial
development strategy.

Energy agriculture and forestry, liquid biofuel manufacture Industry have significant
energy, social, and environmental benefits, and should be supported by government
policies, such as tax reductions and discount government loans. These are critical for
new and developing Industries. China has already passed the ,like the , their articles
supporting renewable and clean energy are mostly principle. More precise and
concrete regulations need to be made. Besides, monopoly still exist in the Chinese
petrol Industry which prevents the liquid biofuel from a quick entry into the market.
These problems need to be addressed by government policies.

The main reason that American’s bio-diesel Industry falls behind the EU is that its
stimulation policies has fallen behind. At the end of 2004, Bio-diesel production
increased dramatically when President Bush signed the Federal corporation tax act
that included favorable policies for the bio-diesel Industry.

In the long run, a market competition system is of fundamental importance to reduce
cost and enhance competitive power.( see Chart 1)
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Chart 1 energy foresty sturcture and benefits:

In fact, economical benefit is the best stimulation for energy agriculture and forestry.
For instance, on June 17th ,2005, Guangxi Wanjia Sugar Corporation signed a
contract with Youjiang District government of Baise County ,Guangxi province.
According to the contract, 500 million yuan was invested to build a sugar factory with
a daily production of 5000 tons and a fuel ethanol factory with an annul production of
300 thousand tons. Encouraging producing ethanol form sugar cane has several
advantages: 1. Since large sugar factories have alcohol workshops, the cost of
increasing production is only 1000 yuan per ton , much less than normal ethanol
projects (4000 yuan per ton); 2. the production cost of ethanol is less than 3000 yuan
per ton, manufacture cost included. If it is put into large scale production, the profit
return is even more favorable. 3. Farmers are also stimulated since they could get 400
more per mou by planting energy sugar canes instead of current varieties. 4. Waste
water from ethanol production used to be a problem, now however, with the
development of pollution control technology, it could be reused and make profits.
When the amount of CODcx in waste water is above 40,000 mg/L, the investment on
pollution control could be taken back in five years.

3.3 Implement the land strategy of “use little or no cultivated land, make full use
of forest land and barren land”

Though cultivated land in China still has potential to increase yield, large scale energy
agriculture and forestry needs to rely on the vast non-stocked land and undeveloped
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land usable for forestation. In fact, most of China’s land usable for forestation is
located at places with convenient communication and abundant labor. According to
experts, the obstacle for fast forestation in these areas is mainly
institutional( economic concern is not the only factor), such as the refinement of
propriety right of forest.

Combining forestry and energy supply has great significance in driving the forestry
Industry and increasing oil supply. It is worthwhile to mention the determination of
Indian government to develop energy forestry. Indian Prime minister was quoted as
saying, “if we can start the program to produce bio-diesel from the seeds of pistacia,
36 million jobs would be created and 33 million hectares of barren and dry land could
be turned into oil fields.”

To develop energy agriculture and forestry practically, further surveys need to be done
to draw a reasonable plan on the use of land resources. At present, the State Forestry
Administration is beginning to realize the development potential of energy forestry
and preliminary surveys have been carried out.
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Biogas Resources of China and Its Exploitation and Utilization

Gu Shuhua
(Institute of Nuclear and New Energy Technology Tsinghua University)
Sep, 2005

1. Chinais abundant in biogas resources.

In China, the exploitation and utilization of biogas mainly adopt anaerobic process
technology which processes pollution of organic wastes from industry and agriculture,
municipal solid waste and municipal sewage. So, the research of this thesis is about
pollution of organic wastes from industry, excrements pollution from livestock and
poultry farming, municipal solid waste, municipal sewage and excrements from
household livestock and poultry.

1.1 The annual industrial discharge in China amounts to 2.5 billion t for organic
wastewater and 70 million t for residue in 2002.

The sources of industrial organic wastes are from light industrial enterprise and the
non-light industrial enterprise. The light industrial productions, which are producers
of organic wastes, are the following over 10 industrial sectors, such as alcohol, sugar,
beer, rice wine, distilled spirit, starch, monosodium glutamate, beverage, pulp & paper
etc. The annual waste discharge is 846 million t for organic wastewater and 24.44
million t for residue a year. The main producers in non-light industry which discharge
organic wastes are the following sectors, such as pharmacy, slaughter, flour, vegetable
oil, soy sauce, food can, petrochemical products, crude rubber, furfural etc.
According to statistics, the annual waste discharge is 1.67385 billion t for organic
wastewater and 49.3402 million t for residue.

Based on the current national discharge of industrial organic wastewater (which can
be converted into biogas) of 2.52 billion t/y, and the residue of 73 million t/y, these
wastes can be converted into 10.68 billion m® biogas ( 56% methane content ) by
anaerobic digestion treatment.

Based on the quantity of biogas output per m® effluent, the industrial productions,
which are producers of organic wastes, can be divided into 3 parts. Part 1: More
than 10 m’ biogas per m® effluent. The main industrial sectors include alcohol,
distilled spirit, starch, monosodium glutamate, acetic acid, yeast, semi-chemical and
mechanical pulp. Part 2: about 5-10 m’ biogas per m’ effluent. It Include the
enzyme product, pharmacy, fiber plate and the vegetable oil. Part 3: less than 5 m’
biogas per m’ effluent, it Including sugar, beer, rice wine, juice beverage, slaughter,
flour, meat can, PTA, furfural. Although Part 1 only accounts for 15% the total
wastewater or so, from the viewpoint of biogas resource, it accounts for nearly 60%
the total biogas resource.
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In consideration of the sustained development of national economy, the long-term
plan of China national economy of 2020 estimates that the total economy of china will
be increased by four times of that in 2000. Based on the estimation, the total newly
added production value of the industry will be also increased by four times of that in
2000, while the discharge of industrial organic wastewater (residue) will be doubled
as a whole by then. Thus the resources which can be converted into biogas will in turn
double that in 2000, amounting to about 2.15 billion m’.

1.2 The annual excrements discharge in China amounts to 1.8 billion t.

According to China Livestock Husbandry Yearbook 2003 and the calculation on the
in-pen number of swine, poultry and cattle, the total annual excrements discharge
from livestock and poultry farms has been up to 1.8 billion t. If the washing water
from scale production is taken into consideration, the actual total sewage discharge far
exceeds 20 billion t. Based on production potential of excrement sources producing
biogas, we can get more than 70 billion m® biogas from these excrement sources.

There are two approaches to produce biogas from excrements. One is the scale
livestock and poultry farm, it gets biogas through treating its excrements by adopting
biogas project technology. There were totally 8,241 scale livestock and poultry
farms (they had more than 3000 pigs) nationwide in 2002, the annual excrements
discharge is totally about 49 million t and 2.72 billion m® of biogas can be produced
from these excrements. In addition, the total annual excrements discharge from
small sized livestock and poultry farms (they had 500-3000 pigs) were 85 million t.
Because of the difficulty of collection and management, the production potential of
these excrement sources is about 1.23 billion m’ biogas.

The other one is household biogas digester which is widely popularized in rural area
of China. If a household has more than 4 pigs, it can build a 6-10 m® biogas digester
which can produce 300 m’ of biogas per year. The total of household livestock and
poultry is very lager, biogas resources can up to 60 billion m’, but the collection
excrements and technology management is difficult, the actual production from these
excrement sources is only about 15-20 billion m® biogas.

According to the livestock husbandry development plan, by 2010, the livestock and
poultry farming will be increased by about 8% every year. From 2010-2020, it will be
increased by about 3-5% every year. Therefore, by 2020, the biogas resource from
excrements will be about 3 times that in 2002. The scale livestock and poultry farm
will rapidly develop while the economy of china keeps increasing, if calculating by
5% rate, the biogas resources from the scale livestock and poultry farm (also
including the small scale ones) will be 15-20 billion m’, and 30 billion m® from
household.

1.3 Municipal sewage and solid waste.
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In 2003, the municipal solid wastes which had been disposed were 149 million t, and
the municipal sewage was 24.7 billion t. If 50% of these wastes were used to
produce biogas through sanitary land fill technology, the biogas resources from this
would be 9 billion m’; if 30%-40% of this sewage were used to produce biogas, the
biogas resources would be 1 billion m?, so, the total would be 10 billion m>.

According to the city development plan of China, the municipal solid wastes and
sewage will increase more than 100% by 2020, the biogas resources from these will
be up to 20 billion m’.

1.4 The total gettable biogas resources are 44.6 billion m* at present.

All the above dates are collected into table 1. It shows that the total gettable biogas
resources are 44.6 billion m® at present in China. If calculated by heat equivalent
(23.02 million J/ m?), this biogas is equivalent to 35 million tons of coal equivalent,
and it can substitute for 5 million tons of coal (20.93 million J/ m?).

Except for household biogas, all the biogas resources mentioned can be used for
generating electricity, and the total is 24.6 billion m’. With the current technical
level in China, 1 m’® biogas can generate electricity 1.6 kWh, so the total quantity of
electricity is 39.4 TWh, with installed capacity of 6.56 GW (based on the calculation
of power generation 6000 hours/y).

By 2020, the biogas resources of china will be u to 91.5 billion m’, and they are 2
times that in 2000, equivalent to 71.9 million tons of coal equivalent. If be exploited
and used, these resources are equivalent to 100 million tons of coal, which are very
valuable energy resources. Except for 30 billion m® of household biogas, there still
is 61.5 billion m® of biogas which can generate electricity 123 TWh (1 m® biogas can
generate electricity 2 kWh), with installed capacity of 20.5 GW, equivalent to five
larger nuclear power plants (each plants is 4 GW).

Table 1 Summary of Nationwide Biogas Resources

Now In 2020
) Biogas . Biogas .
The Section o Coal equivalent . Coal equivalent
(billion o (billion o
3 (million tce) 3 (million tce)
m’) m’)
Industrial organic waste 10.6 8.33 21.5 16.89
Livestock and poultry farms !’ 4 3.14 20 15.71
Household biogas!"! ~201! 15.70 30 23.57
Municipal solid waste and
03] ~10 7.86 20 15.71
sewage
The total 44.6 35.03 91.5 71.88
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Data source:

[1] Research report: National Action Plan for Industrial Scale Biogas Development, date in 2003,
2004

[2] Biogas resource was 70 billion m’; the date in the table has been converted because of the in
influence of tech, collection and management.

[3] China statistical yearbook 2004, China Statistics Press, 2005.

2. Current situation of biogas technology and its development.

2.1 Biogas project technology has been basically in maturity and the
fermentation processes are mainly concentrated on UASB and CSTR

After its development for 20 years, the process technology for large and
medium-sized biogas project in China has been basically in maturity. The currently
adopted techniques have been successfully used for the treatment of various kinds of
organic wastewater. In the existing biogas projects for industrial organic wastes,
UASB and CSTR account for 80% (see Table 2). The technical characteristics of
various processes can be seen in Table 3.

Table 2 Biogas Fermentation Processes for Industrial Organic Wastewater

Type Number* Percentage

1 UASB 200 49.26

2 CSTR 128 31.53

3 EGSB 14 3.45

4 IC 30 7.39

5 AF 8 1.97

6 UBF 5 1.23

7 Others 21 5.15
406 100

* Data of 2000. CSTR+UASB are included in CSTR.

For UASB-Upper-flow Anaerobic Sludge Blanket reactor, its characteristics are: Due
to cultivated granular sludge, the anaerobic microbial species would not be lost; it
greatly enhances the anaerobic fermentation efficiency. In addition it does not need
agitation, it is simple in operation, adapting to both high and low concentration of
COD load and covering less land. So it is extensively applied (accounting for
49.26% of the total projects) in our country. The biggest UASB anaerobic project
was set up in Fangting Distillery, in Xuzhou, Jiangsu Province. The total volume of
the tank group amounts to 10,000 m>. The biggest single unit volume of UASB in
China has been up to 4,000 m’.
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For CSTR-Completely Stirred Tank Reactor with anaerobic process, it is suitable for
wastewater with high suspended matter and high concentration (high temperature).
It is mostly applied in the treatment of alcohol lees liquor. The biggest CSTR
anaerobic tank group for this kind of wastewater was set up and put into operation in
1999 in Xintai Alcohol Company in Taicang, Jiangsu Province. The total volume of
the tank group amounts to 13,200 m’, with a treatment capacity of nearly 2,000 m® of
dried cassava wastewater per day and biogas output over 40,000 m’/d. The biggest
single unit volume of 5,000 m® was set up in Nanyang Alcohol Distillery in Henan
Province.

Table 3 Technical Characteristics of Various Kinds of Fermentation Processes

Tvne Common
P digestion | CSTR | UASB IC UFB
Index
pond
Organic load
1 <3.0 5.0-10.0 | 8.0-15.0 15-30 15-30
(Kg COD/ n’.d)
Allowable organic Generall
to 50 g/ to 50
2 suspended matter P 01 g W 71 y <1.5g/1 | <l.5g/
content for influent £ <4g/1
3 COD removal lower medium | higher higher higher
4 Hydraulic retention 15 4-10 1-10 0.5-4 0.5-3
5 Power consumption bigger bigger smaller small smaller
. . . more more .

6 Production control easier easier | oo 1 | difficult difficult
7 Investment higher medium | smaller higher higher
8 Land coverage bigger medium | smaller small small
9 | Production experience a little more more less less
10 Operation cost low low low medium | medium

Note: Both IC and UFB belong to one of the types of EGSB.1

In resent years, new high-effective IC and EGSB anaerobic equipment have been
applied more extensively. This kind of equipment is high in efficiency and small in
land coverage. It is especially suitable for wastewater with low suspended solid and
low concentration (such as paper, beer and starch wastewater).

2.2 The auxiliary technology of the biogas project has been developed

In the last 10 years, the Chinese technicians have done a lot for the standardized and
serial design and industrialized development for the most utilized complete stirred
anaerobic fermentation tank and UASB reactor. They have completed the serial
design of the tank body of complete stirred anaerobic fermentation tank and its
internal jet pump stirrer and biogas stirrer. Concerning the UASB tank structure,
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three-phase separator and water distribution system etc., the standardized design of
two big series has been formed, i.e. rectangular reactor and round UASB reactor.

At the same time, the foreign new material and new technology have been imported
for the design and manufacture, such as the double-folded side biting technology of
Lipp Company and assemble tank-making technology of Farmetic Company in
Germany. The period of project construction is shorted due to the on-site
assemblage, and thus it can save over 50% of material compared with normal steel.
Furthermore it has the advantages of anticorrosion, advanced technology and good
performance. At present, these technologies have been greatly expanded and tens
sets of equipment have been set up in China.

In the research and development of auxiliary equipment of biogas project, a certain
technical level has been achieved, there are different types of products on the market
and used for various biogas projects, including:

(1) The solid-liquid separator is used widely. In order to adapt to the requirement for
the separation machinery in comprehensive utilization, or fermentation and
post-treatment processes, the technicians have developed in recent years some
separation machines which tally with the characteristics of biogas project, such as
vibration screen, slant plate screen, rotary screen, fixed bed filtration screen etc., and
some others machines for complex precipitation and press. The dewatering rate is
generally 10-40%, basically meet the requirement for process and comprehensive
utilization.

(2) The quality of transportation device for stock liquor is reliable. In recent years,
in accordance with the characteristics of the variety and different physical and
chemical properties of biogas stock liquor, many kinds of transportation devices for
livestock and poultry excrements are developed one after another successfully, of
which the efficiency of 75Y E-10 pump developed by Shanghai itself is up to about
65%, its performance is even better than that of the same kind product developed by
foreign country.

(3) The devices for biogas purification, storage and transportation are further
developed. Some practical desulfation technologies have been developed and the
desulfation effect can reach the standard for H2S content of coal gas in the city. The
wet type steel gas storage tank is widely adopted for biogas storage. As for the
biogas transportation of the dry type storage tank, the special biogas compressor is
developed as the booster, in addition to Roots blower, air compressor, N and H gas
compressor. There are also varieties of materials for the transportation pipeline, the
replacement of steel with plastics and cast has been realized in some projects. In the
same time, the research and development of the biogas utilization devices have gained
a new progress, such as gas boiler, giant cooking utensils and biogas
power-generating set.
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2.3 Various suitable modes have been developed for biogas project

In practical construction, in terms of on-the—spot conditions, different forms and
demands for treatment and comprehensive utilization of the fermented residue, the
biogas projects can be classified into two types, i.e. ecological type and environmental

type.

Ecological type biogas project, i.e. the fermented residue and waste liquor can be
completely consumed by the farmland, fish ponds, plants ponds etc. around the biogas
project, so that the biogas project can become the link of the agricultural ecological
garden area. If the biogas project is targeted on the excrements from livestock and
poultry, the first thing which should be done is the reasonable disposal of the feeding
and planting. By this doing, it not only saves the high expenses on the
post-treatment, but also enhances the agricultural ecological construction. The
characteristics of this kind of project are easy post-treatment and lower investment
and operation cost.

The environmental type biogas project is suitable for the following situations: the
environment couldn't consume the fermented residue and waste liquor; the biogas
residue should be turned into market fertilizer and the effluent is up to the discharge
standard after post-treatment. In this mode, the resource could not be fully utilized and
the costs of the project and its operation are relatively high.

China has developed various modes for biogas projects which are the scale livestock
and poultry farm projects. One is comprehensive utilization type: all the excrements
sewage can enter into the anaerobic treatment system; its process is very simple and
easy to operate, and also it needs low investment and operation cost. Certainly, there
are also shortcomings in this project. For example, its wastewater is still higher
concentration after treatment and easy pollution on environment if without further
treatment. In another type, all the excrements sewage is separated dry from the wet.
The solid excrements are directly used for organic fertilizer production, while the
washing sewage and urine get into the treatment system to produce biogas liquid.
This liquid can be completely consumed by natural ecological environment, and also
can be treated with aerobic treatment system in order to meet discharge standard.

2.4 The Household biogas.

The household biogas system is one type of China rural energy utilization. It includes
the raw material processing, biogas digester, transportation, distribution, and
utilization of the residue (solid waste and waste liquid). Generally, the area of
household biogas digester is 6-9 m’. Its raw materials are excrements of pigs, cattle,
poultry and human, if there are only pigs, 4 are enough; its output is 250-400 m> per
year. The technology of household biogas has been in maturity, so it is becoming
more and more industrial.
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2.5 The annual quantity of exploited and used biogas is 6.7 billion m®.

Up to 2003, there were 600 biogas projects for industrial organic wastewater
nationwide which have their anaerobic equipment, and the total volume of anaerobic
digester is roughly 1.5 million m’, whereas the treated organic wastewater was about
150 million t, only 4% of the total which should be treated. The annual biogas
production is 1 billion m®. These projects are distributed in 18 provinces, cities and
regions including Shandong, Sichuan, Jiangsu etc., of them 105 in Shandong,
accounting for 25.9%.

According to the statistics of MOA, there have been 2492 biogas projects for lager
and medium scale livestock and poultry farms nationwide by 2004. The total
volume of digester is roughly 2.2 million m®, and the output of biogas was 89 million
m’ per year. These projects are distributed in 24 provinces, cities and regions, and
more than 200 located in each province of Fujian, Zhejiang, Jiangxi, Hunan.

Up to 2004, there were 15.41 million household biogas digesters, and the output of
biogas was 5.568 billion m’ per year.

The projects which treat municipal sewage and solid waste with organic system are
under experiment. At present, there are more than 100 demonstration projects in
china.

Table 4 shows the state of China biogas exploitation and utilization. The quantity of
exploited and used biogas was 6.657 billion m® in 2004. If calculated by heat
equivalent, this biogas was equivalent to 5.23 million tons of coal equivalent, and it
can substitute for 7.32 million tons of coal.

2.6 The quantity of exploited and used biogas will become 27 billion m* in 2020.

The exploitation and utilization of biogas project can treat the environmental pollution;
be helpful for developing recycling economy and resource utilization integrated, and
produce clean energy, so, the government has been paying more and more attention on
it. China Renewable Energy Law will be implemented from Jan 1, 2006, and we
believe that this event will greatly promote the development of the biogas exploitation
and utilization in the future 15 years. Table 4 shows one scenario of China biogas
exploitation and utilization in 2010 and 2020. From these dates, we can know that
the quantity of exploited biogas will be 27 billion m’ in 2020, which is about four
times that in 2000, equivalent to 21.22 million tons of coal equivalent and substitute
for 30 million tons of coal. It will keep increasing at the rate of 9.1%, which is
greatly exceeded the development rate of fossil energy.
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Table 4 The Exploitation and Utilization of China Biogas

2004 2010 2020
Coal Coal Coal
Biogas Biogas Biogas
) o equivalent ) o equivalent ) o equivalent
Projects | (billion o Projects | (billion o Projects | (billion o
3 (million 3 (million 3 (million
m’) m’) m’)
tce) tce) tce)
Industrial
organic 600" 1 0.79 2000 4 3.14 5000 6 472
wastewater
livestock
and poultry | 2492 0.089 0.07 10000 2 1.57 20000 4 3.14
farms
Household | 15.41 3000 5000
5.568 4.37 9 7.07 15 11.79
biogas million million million
Municipal | Under
sewage and | experi - - 1000 1 0.79 2000 2 1.57
solid waste | ment
The total 6.657 5.23 16 12.57 27 21.22

Note: [1] Date in 2003

[2] The coefficient of biogas converted into coal equivalent is 0.7857

3. Main barriers in current biogas development.

In the last more than 20 years, the biogas project in our country has made a certain
development. It has been technically mature and practical; also there have been a
certain number of larger and medium scale biogas projects; the manufacturers and
constructors are in initial scale. However on the whole, there is a lack of capacity for
biogas industrial scale development. Because of the support from the government,
which provide 1 billion national debts every year and each family can get several
hundreds Yuan, more than 1million household biogas digesters are built every year. At
the same time, the larger and medium scale biogas projects meet more trouble, the
main problem are:

3.1 The biogas projects are lack in market competitiveness.

The initial investment for an industrial alcohol plant of 10,000 t is about 10 million
Yuan (RMB), however in order to treat the organic wastewater, then its initial
investment will be over 5 million Yuan. Likewise, the initial investment for a 10,000
pig farm is about 2 million Yuan (RMB), while initial investment for a biogas project
of excrements sewage treatment will be over 1 million Yuan. That means if biogas
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projects are built together with their previous enterprises, the initial investment will
increase over 50%. In addition the alcohol plants and livestock farms which are
themselves the small-sized industries with meager profit and big risk, they are hardly
to bear the financial pressures.

Table 5 shows us the unit output costs of biogas power generation for various types of
biogas projects. Obviously, the most dynamic unit output costs (The discount rate is
8%) of biogas power generation is more than 0.5 Yuan/KWh, and much more higher
than the coal power generation. Due to high initial investment and cost, low internal
rate of return and lacking in profitability capacity, the biogas themselves can not
compete with conventional energy in gas-fired and generation market.

Table 5 Unit Output Cost of Biogas Power Generation for Various Types of

Biogas Projects

Unit production cost of | Unit production cost of power
Biogas proiect tvpe biogas generation
gas project by (Yuan/ m®) (Yuan/ kWh)
0%[1] 8%[2] 0%[1] 8%[2]
Energy -
environmental 0.68 1.05 0.46 0.73
tection t '
Agricultu E proee ot lypfe "
re Hetgy - ceologieal 1 55 0.87 0.62
type 0.4
Comprehensive
e 0.37 0.55 0.27 0.43
utilization type
Industry Qingdao D?sgllery 0.23 0.32 0.22 0.30
Fengbao Distillery 0.39 0.52 0.41 0.53

Note [1]: The discount rate is zero, i.e. static state.

[2]: The discount rate is 8%.

Besides the shortages of themselves, another important reason of biogas projects
lacking in market competitiveness is that the technical system of the biogas project
can not adapt to the requirement for industrial scale development. The main
problems are biogas technology needing further advance; no unified national standard
for the design and construction of the biogas project and lack of authentication
standard for construction qualification; some key equipment not in the specialized
production and no standardized and complete set of products; control and monitoring
for biogas project in our country still operated and managed by hand which brings
about an impact on the normal operation; low level of management and so on.

3.2 The nationwide biogas market has not been set up.
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The biogas project has the characteristics of small scale and decentralized
management, and the limited gas and power can be provided each day. If they are
provided to the consumer by public institutions and enterprises such as gas company
or power grid enterprise, it will bring about a lot of management problems for the
energy enterprise, such as operation, safety, load match and so on. Furthermore, the
gas company and power grid enterprise have to purchase them at a price which is
higher than conventional price and this can hardly be accepted by them without policy
support.

Now the biogas technology is under its way of development and improvement. As a
product, the biogas and its power is lack in a set of authentication systems including
rigid product standard and monitoring, and market access system. Currently, the
biogas and its power can not become the formal products in the market and this
seriously hinders the foundation and development of biogas market.

3.3 The biogas projects is lack in national supporting policy.

Although our governments at all levels have put forward and implemented many
incentive policies on environmental treatment and clean energy development, there
are still lack of a complete policy system for development of renewable energy
including biogas because of that all the current policies are partial and only support
actual projects. There is not a definitely encourage mechanism for investment,
subsidy, the price of fired gas and electricity, tax-free and credit.

4. Measures for Overcoming Barriers and Policy Support.
4.1 Establish the concept that the biogas project is the integrated basic industry.

The first thing to do is to change the concept that regards the biogas project only as a
kind of energy project. The biogas project not only treats the sewage discharged
from many sectors such as light industry, livestock farm etc., improves environment
condition, but also provides clean fuel and power. At the same time, it turns the
sewage into high-effective organic fertilizer, so as to make a full use of the resource.
It covers many areas of energy, environment and resource. Therefore it can be
regarded as an integrated basic industry of making full use of the resources and
realizing recycling economy.

4.2 Realizing industrial development of biogas project with policy support.
Although the development of one industry must obey the market development rule,
the biogas project must depend on the policy support in beginning of establishment

and development because of many shortage of itself. So, the correct ideology of
industrial scale biogas development is needed.
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(1) Objective orientation: Based on the national law, regarding the quantitative target
on the development of biogas as market demand to promoting market development.

(2) Enterprise is the main body in the market. Instead of the government, the
enterprises are the main undertakers for environmental treatment and production of
biogas and its power. Only with the participation of more enterprises, can the
products of biogas project enter into the market, develop in scale and grow into
industry.

(3) The duty of the government: defining development objective; providing
preferential policy support, including price, financial subsidy tax-free, credit and so
on; fostering market; establishing market access system; enhancing capacity building
of technology, production criterion, authentification, service and monitoring system.

4.3 Measures and policies.

China Renewable Energy Law will be implemented from Jan 1, 2006 and the central
and region government at all levels are establishing 11" Five-Year-Plan (2006-2010),
2020 Programming, and the implement detailed rules of China Renewable Energy
Law. So, we believe that biogas project will make a great progress. At the aspect
of detailed measure and policy, we advise as follows.

(1) Objective definition and market orientation.

» Combining with the objective of industrial and agricultural organic wastewater,
affirming the location of biogas development in the energy system of our country.
Working out legal based quantitative target of the biogas and its power development
to guide the market with the demand.

* Strengthening the law implementation of environmental objective, promoting the
enterprises to complete the treatment task.

(2) Improving the market competitiveness of the enterprises themselves.
* Selecting the right technology and technical mode, expanding scale and reduce cost.
* Developing specialized biogas management enterprises, with independent
management, centralized treatment and reduced cost.
(3) Forming and standardizing the biogas market.
* Establishing and perfecting the criterion, authentication, supervision and service
system of the technology and product.

* Setting up the market access system of biogas and its power, the power grid
company must purchase biogas power.
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(4) Policy support for the enterprises to gain profits.

 Implementing preferential sheltered price (prices of electricity and gas).
* Setting up special financial fund.

(5) Implementing policy financing.

» Listing the biogas projects into the basic area supported by the policy financing of
the State Development Bank of China and the Agriculture Development Bank of
China, implementing policy financing.

* Gradually developed into finance system for specialized industrial scale
development of basic facilities.

(6) Public participation.

* Enhancing the public awareness of environmental protection and clean energy,
encouraging the public to take an active part and support the industrial scale
development of biogas.

The each one of above 6 aspects has its own pertinence, indicating the requirements
for the enterprise, market and government in the industrial scale development of the
biogas project. From comparison, the most pivotal points, which especially put
forward in the study report, are four of them, these are developing specialized biogas
management enterprises, the power grid company should purchase biogas power,
implementing fixed price and policy financing.

Reference:
Abbreviation and Unit Symbols.
Abbreviation Unit symbols
AF Aerobic Filter D Day
COD Chemical Oxygen Demand kW Kilowatt
CSTR | Completely Stirred Tank Reactor | kWh kilowatt-hour
EGSB | Extensive Granular Sludge Bed m’ cubic meter
IC Internal Circulation Reactor MJ Megajoule
IRR Internal Rate of Return t ton
Up-flow Anaerobic Sludge .
UASB tce tons of coal equivalent
Blanket
UBF Up-flow Sludge Bed Filter
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1. China Renewable Energy in International Context

Currently, China leads the world in installed renewable power capacity, with 37 GW
out of 160 GW worldwide (Table 1). Germany and the United States follow China,
then Spain and Japan. However, most of China’s capacity is small hydro, and there
is large potential for China to catch up to other countries in wind and biomass power
generation. The growth of grid-connected solar photovoltaic is accelerating in some
developed countries, particularly Germany, Japan, and the United States, but has not
started yet in China.

Wind Power. Wind power capacity went from 570 MW in 2003 to 770 MW in 2004,
compared with global wind installations of 8,100 MW in 2004 and a global total of
48,000 MW existing. There is one primary domestic manufacturer, Goldwind, which
had a market share of 20%. Gamesa and NEG-Micon were the top two foreign
manufacturers with market shares of 36% and 29%, respectively. GE Wind entered
the Chinese market for the first time, and it had a market share of 8%.

Biomass Power. Biomass power generation capacity is small in China, about 2,300
MW, compared to the global total of 39,000 MW, partly because of the high costs and
difficulties of transporting biomass feedstocks to central locations, and the need for
better combustion technology.

Hydro Power. In 2004 there was 105 GW total hydro power generating 330 TWh,
including about 34 GW of small hydro generating 98 TWh. Hydro represented almost
25% of China's total power capacity of 450 GW in 2004. Small hydro has grown from
25 GW in 2000 and 16 GW in 1995, and now represents more than half of the global
total of 61 GW small hydro.

Solar PV. As of 2004, China had 100 MW of PV module production capacity,
compared to world total production capacity of 1200 MW. Chinese production
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capacity doubled during 2004. Cell production capacity was 65 MW in 2004, and
wafer production capacity was 15 MW. These are expected to increase to 200 MW
each in 2005. Total existing installations of solar PV were 65 MW as of end-2004,
about 50% of this in rural (off-grid) areas. Communications and industry account for
most of the other 50%, with consumer products a small share also. Grid-connected PV
is still marginal, less than a megawatt, compared to 700 MW added in Germany,
Japan, and .the United States in 2004 alone, and existing global total of 1,800 MW.

Solar hot water. Almost 60% of the world’s installed solar hot water capacity exists in
China (Table 2). China accounted for 80% of installations worldwide in 2004, and
this trend is expected to continue. Unlike international markets, where flat-plate
collectors are most common, the glass vacuum tube was the most common type in the
Chinese market, with a market share of 88% in 2003. There are more than 1000
manufacturers throughout the country, with an estimated 250,000 people employed in
the industry. This employment represents almost 15% of total employment in all
renewable energy industries worldwide. The cost of Chinese solar hot water heaters is
an order of magnitude cheaper than European counterparts. In 2002, 70% of all solar
hot water heaters were sold at prices below RMB 1600 ($200), which given typical
sizes of 2 m2, comes to $100/m2. This compares with typical European costs of
$800-1000/m2.

Biofuels. Chinese production of biofuels is just starting, with China accounting for
perhaps 5% of global ethanol production in 2004 (Table 3). As of late 2004, there
were four provinces, Heilongjiang, Jilin, Liaoning, and Henan, which required ethanol
to be mixed with gasoline in a 10% ratio (E10). The government planned to extend
these requirements to five other provinces, Hebei, Anhui, Hubei, Shandong and
Jiangsu, by late 2005 (although perhaps would not required in the entire province).
China’s seven provinces with mandates compare to about six other provinces/states
worldwide with such mandates.

Rural (off-grid). There are an estimated 7 million un-electrified households remaining
in rural areas of China, representing about 28 million people. There are now an
estimated 450,000 to 500,000 solar home systems installed in rural areas, representing
about 25% of the global total of rural solar home systems. More than 230,000 solar
home systems have been sold since 2002 under the World Bank/GEF Renewable
Energy Development Project, about one-half of total World Bank-supported
installations worldwide. China has had major projects for rural electrification in
recent years, including the Township Electrification program, which electrified one
million people in less than two years; this is the largest single rural electrification
program using renewables in the world. About 12 million households have
household-scale biogas digesters, compared to the global total of 16 million
households. Some estimate that more than 1 million biogas digesters are being
produced each year, aided by a government subsidy program started in 2002.
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Table 1. New Renewable Electric Power Capacity, GW existing as of 2004

World | Developing . .
Technology . EU-25 | China | Germany | U.S. | Spain | Japan
Total Countries
Small hydropower 61 39 13 34 1.6 3.0 1.6 3.5
Wind power 48 4.3 342 0.8 16.6 6.7 8.3 0.9
Biomass power 39 22 8 2.3 0.9 7.2 0.3 >0.1
Geothermal power 8.9 4.5 0.8 < 0.1 0 2.5 0 0.5
Solar photovoltaic-grid 1.8 0 0.9 0 0.7 0.1 0 0.8
Solar thermal electric 0.4 0 0 0 0.4 0
Ocean (tidal) power 0.3 0.3 0 0 0 0
Total renewable power
capacity (excluding large 160 70 57 37 20 20 10 6
hydro)
For comparison:
Large hydropower 740 330 90 70 n/a 90 n/a 45
Total power capacity 3,800 1,400 580 440 n/a 860 n/a 260

Source: REN21 “Renewables 2005 Global Status Report.”

Table 2: Solar Hot Water Installed Capacity, Top 10 Countries/EU and World Total, 2004

Country/EU Existing 2003 Additions Existing
(million m?) 2004 2004
(million m?) | (million m?

China 50.8 13.5 64.3
EU 13.1 1.6 14.0
Turkey 9.5 0.8 9.8
Japan 7.9 0.3 7.7
Israel 4.7 0.4 4.9
Brazil 22 0.2 2.4
United States 2.1 0.05 2.0
Australia 1.4 0.1 1.5
India 0.9 0.1 1.0
South Africa 0.5 -- 0.5
(other <2 -- <2
countries)

World 95 17 110
Total

Source: REN21 “Renewables 2005 Global Status Report.”
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Table 3. Biofuels Production, Top 10 Countries, 2004 (billion liters)

Ethanol Biodiesel
Country (billion liters) (billion liters)

Brazil 15 -
United States 13 0.1
China 2 ---
Germany 0.02 1.1
France 0.1 04

Italy - 0.35
Canada 0.2 ---
Thailand 0.2 ---
Spain 0.2 -—-

Denmark - 0.08
World Total 31 2.2

Source: REN21 “Renewables 2005 Global Status Report.”
2. China’s National Targets in International Context

Policy targets for renewable energy exist in at least 45 countries worldwide. By
mid-2005, at least 43 countries had a national target for renewable energy supply,
including all 25 EU countries (Table 4). In addition to these 43 countries, 18 U.S.
states (and DC) and 3 Canadian provinces have targets based on renewables portfolio
standards (although neither the United States nor Canada has a national target). An
additional 7 Canadian provinces have planning targets. Most national targets are for
shares of electricity production, typically 5-30 percent. Electricity shares range from
1 percent to 78 percent. Other targets are for shares of total primary energy supply,
specific installed capacity figures, or total amounts of energy production from
renewables, including heat. Most targets aim for the 2010-2012 timeframe.

The 43 countries with national targets include 10 developing countries: Brazil, China,
the Dominican Republic, Egypt, India, Malaysia, Mali, the Philippines, South Africa,
and Thailand. A few other developing countries are likely to announce targets in the
near future. Thailand is targeting 8 percent of primary energy by 2011 (excluding
traditional biomass). India is expecting 10 percent of added electric power capacity, or
at least 10 GW of renewables, by 2012. The Philippines is targeting nearly 5 GW total
by 2013, or a doubling of existing capacity. South Africa in 2003 set a target of 10
TWh of additional final energy from renewables by 2013, which would represent
about 4 percent of power capacity. The Mexican legislature was considering in 2005 a
new law on renewable energy that would include a national target.

China has ambitious development targets for 2010 and 2020 (Table 5). China’s target
of 10% of total power capacity by 2010 (excluding large hydropower) implies 60 GW
of renewables capacity given projected electric-power growth (expected 600 GW
capacity by 2010). China also has targets for 2020, including 10% of primary energy

181



H AT A B R R A [ B 2
China Renewable Energy Development Strategy Workshop

and 20% of power capacity, 300 million square meters of solar hot water, 30 GW of
wind power, and 20 GW of biomass power. A 20% capacity target by 2020 would
represent about 190 GW out of a predicted 950 GW power sector capacity in 2020
(prediction by China Electric Power Research Institute).

Table 4: National/EU Renewable Energy Targets

Country Target(s)
Australia 9.5 TWh of electricity annually by 2010.
Brazil 3.3 GW added by 2006 from wind, biomass, small hydro.
5 5 S : : -
Canada 3.5@ to 15% of electricity in 4 provinces; other types of targets in 6
provinces.
10% of electric power capacity by 2010 (expected 60 GW); 5% of
China primary energy by 2010; 20% of power capacity and 10% of
primary energy by 2020.
Domini . .
R;I)lnmcan 500 MW wind power capacity by 2015.
21% of electricity and 12% of primary energy by 2010. Individual
European .. .
. country targets for electricity by 2010 range from 3.6% in Hungary
Union . .
to 78% in Austria.
Egypt 3% of electricity by 2010 and 14% by 2020.
. 10% of added electric power capacity during 2003-2012 (expected
India
10 GW).
Israel 2% of electricity by 2007; 5% of electricity by 2016.
1.35% of electricity by 2010, excluding geothermal and large hydro
Japan
(RPS).
7% of electricity by 2010, including large hydro, and 1.3 GW of
Korea grid-connected solar PV by 2011, including 100,000 homes (0.3
GW).
Malaysia 5% of electricity by 2005.
Mali 15% of energy by 2020.
New Zealand 30 PJ of added capacity (including heat and transport fuels) by
2012.
Norway 7 TWh from heat and wind by 2010.
Philippines 4.7 GW total existing capacity by 2013.
Singapore 50,000 m* (~35 MWth) of solar thermal systems by 2012,

South Africa 10 TWh added final energy by 2013.

Switzerland 3.5 TWh from electricity and heat by 2010.

8% of total primary energy by 2011 (excluding traditional rural

Thailand biomass).

United States | 5% to 30% of electricity in 20 states (including DC).

Source: REN21 “Renewables 2005 Global Status Report.”
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Table 5: China Development Targets (still under governmental review)

Year 2010 Year 2020
Hydro power 160 GW 300 GW
Wind power 5 GW 30 GW
Biomass power 5 GW 20 GW
Solar hot water --- 300 million m2
Solar PV - 1 GW
Biomass use 1 million tons 50 million tons
Biogas and biomass gasification | 11 billion m3/year | 22 billion m3/year
Share of total primary energy 5% 10%
Share of electric power capacity | 10% 20%

Source: NDRC, Energy Bureau, September 26, 2005
3. International Approaches to Renewable Energy Futures

There are at least six basic approaches to thinking about renewable energy futures in
the literature:

e National/regional targets. Establish a national goal, development plan, or legally
mandated target for a certain amount of renewable energy by a fixed date, either in
terms of percentage, absolute capacity, or incremental additions. Over 48
countries around the world now have national and/or regional targets established
for renewable energy.

e General energy scenarios. Assume growth trends from the present for each energy
source, including total growth in energy demand. May account for changes in
technology and costs. Examples are the International Energy Agency’s “World
Energy Outlook™ and “Energy to 2050: Scenarios for a Sustainable Future.”

e Renewable energy future shares. Assume or assert a certain future share of
electricity or energy from renewables. Argue the practicality (including the implied
annual growth rates) and discuss implications in terms of costs, required
investments, employment, and environmental benefits. An example is the
blueprint “Wind Force 12” by the European Wind Energy Association and
Greenpeace.

e Greenhouse-gas emissions reductions. Assume or assert a future CO2 reduction
level, relative to 1990 baseline level, and then consider alternative scenarios to
achieve that level of CO2 reductions. Argue the practicality and discuss
implications in terms of costs, required investments, employment, and
environmental benefits. An example is the ECN Policy Studies paper “Two
Visions for the Dutch Energy System in 2050.”

e Detailed industry development roadmaps. Chart the development of a national
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industry in terms of technological progress, business investment, and markets.
Consider different policy and market instruments and how these could affect
industry progress. An example is the U.S. National Renewable Energy
Laboratory (NREL) “Solar Electric Power: The U.S. Photovoltaic Industry
Roadmap.”

e [earning/experience curve literature is also used to determine future costs, such as
in “Wind Force 12.” This allows estimation of future economic competitiveness
and assessment of the viability of different levels of investment and penetration.

e Detailed plans/visions at the city scale. Urban planning processes and overall
visions, such as the share of houses with “solar rooftops” by a certain, underlie
concrete urban plans for renewable energy, often with CO2 reduction goals as well.
An example is the city of Goteborg, Sweden, and its “Goteborg 2050 urban
development plan.

Examples of each of these approaches are presented below.
4. Developing a Scenario — Key Elements (IEA)

According to IEA experience, a fundamental requirement of scenarios is that they be
internally consistent, logical and plausible constructs of how the future might unfold.
Furthermore, scenario building is an inherently interdisciplinary process, because it
needs to take into account the many dimensions of the same problem. Scenarios need
to integrate long-term phenomena (including demographic, technological or
ecosystem trends) with shorter-term phenomena (like inflation or spikes in oil prices).
The process of scenario building is a complex analytical exercise. Five main steps are
discernible:

e Define the problem and its horizon or isolate the decision that needs to be made.

e Gather information, expert opinion and past data on the system under investigation
and build a coherent system that includes all relevant actors and agents, including
the factors and links (both quantitative and qualitative) between them.

e Identify the key factors that would affect decisions and separate predetermined or
unavoidable factors and trends from those that are highly uncertain or depend on
will.

e Rank these factors by importance for the success of the focal issue (defined in step
1) or by uncertainty and identify the two or three factors or trends that are most
important and most uncertain. These will represent the main axes along which
scenarios will differ and will be characterised. Predetermined elements/factors will
remain unchanged in all scenarios.

e Flesh out the scenarios in the form of consistent narratives or "stories". The next
logical step is to examine the implications of the various scenarios and translate
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them into clear strategic choices. Different choices can at that point be tested for
robustness/resilience against the scenarios outlined.

This process corresponds to so-called "exploratory" or *descriptive’ scenarios, built
for the purpose of exploring a range of outcomes and analyzing their implications for
strategic decision-making. The main value added in exploratory scenarios lies in the
fact that they help prepare for turns of those events that are plausible and entirely
possible without representing a straight-line continuation of past and present trends.

Scenarios, however, can also be "normative" or "strategic". In this case the
perspective is changed: a "desirable" vision of the future, or a goal in the future, is
outlined. What is considered "desirable" clearly depends on the general objectives of
the individual or group elaborating the scenario. An example could be a sustainable
scenario characterised by stabilisation of GHG concentrations at 450 ppm by the end
of this century. These objectives are used as a point of departure from which to travel
backward and identify the conditions that must be fulfilled or measures to be taken at
different stages along the path in order to implement that vision or achieve that goal.

Typically, normative scenarios tend to work in a "back-casting mode". This represents
a critical change of perspective. It provides a useful mechanism to focus attention on
several crucial elements: actions that must be taken and conditions that must be
created at certain points in time in order to make the scenario achievable. The
emphasis is on planning to achieve a certain result rather than on preparedness in
responding to uncertain events. The attitude is more proactive, and policy intervention
is a tool of choice. Building a normative scenario requires rationalization at the initial
stage in order to define desirable characteristics of the future state of affairs, and to
express them as measurable targets. Furthermore, the exercise stimulates formulation
of critical questions, the recognition of uncertainties, the identification of bottlenecks
and priority areas for policy action as well as for research and technological
development.

While "exploratory" scenarios set the groundwork to describe what could happen,
"normative" scenarios help decide what one could or should do, and hence are more
concerned with action. In practice, normative scenarios of this type are rarely found in
isolation, i.e. without previous analysis of what the future might bring.

Another common distinction is between "qualitative" and "quantitative" scenarios.
The former are pure narrative stories describing how the future might unfold or the
relationships internal to the system analyzed, without the help of figures. The latter
also give a numerical illustration of the evolution of key variables or indicators.
Quantitative scenarios are often represented through the use of a model, but may be
also illustrated through much simpler tools.

5. International Energy Agency “Energy to 2050: Scenarios for a Sustainable
Future”
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This study developed three descriptive global scenarios and one normative scenario:

e “Clean but not sparkling”: describes a world of slow technological change, high
concern for the global environment;

e “Dynamic and careless”: describes a world of fast technological change, low
concern for the global environment;

e “Bright skies”: describes a future of fast technological change, high concern for the
global environment.

e “Sustainable Development (SD) Vision”: calls for a 60% share of "zero carbon"
sources in total world primary energy supply, by the year 2050.

The common assumption across the three descriptive scenarios is that there are
sufficient fossil energy resources to meet demand in the next 50 years; whether they
will actually be extracted depends on the pace and direction of technological change
and on the level of environmental concern. The matching of supply and demand will
continue to take place at the global level, subject to the preconditions of uninterrupted
supply, economic affordability and ecological suitability. However, the relative weight
of these three elements will vary depending on the world envisaged.

Total primary energy demand will increase in aggregate terms in all scenarios. The
link between growth in income and growth in energy demand will continue but its
character changes depending on the scenario. Thanks to improving technology, newly
industrialising countries will be in a position to use less energy than did the industrial
countries at similar income levels in the past. Whether this potential for lower energy
intensity is fully tapped will depend on other scenario characteristics. Continuation of
trends to improve energy intensity at least at the aggregate level is likely. At global
level energy efficiency improvements will slow demand growth but not offset it. The
general trend will be towards convergence in energy end-use patterns and services
between developed and developing countries although the convergence in energy
consumption levels is not necessarily assumed.

The role of renewables in these descriptive scenarios is as follows:
Scenario 1: Clean but Not Sparkling.

In developed countries, solar PV technology will improve its conversion efficiency
but very slowly. Wind power, already competitive, will take a considerable share of
the electricity market, exploiting as much as possible all good sites, provided that
conflicts with other land uses do not arise. Commercial biomass use for energy
production will also expand, favoured by improvements in biotechnologies. Bio-fuels,
free from the problems of intermittence that characterise other renewables, will be
increasingly used for power generation.

In developing countries, renewables like solar PV, wind and biomass, do not see
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dramatic technological improvements or cost reductions from accelerated adoption
measures in developed countries. But due to environmental preferences of developed
countries and favourable financing terms offered by them, renewables are pushed
through the market and start to expand rather fast in developing countries too, where
the renewable resource potential is much larger. More conventional renewables, such
as hydro, will be also exploited to close to their maximum potential, even amid
increasing opposition by displaced populations and environmentalists. Solar PV
technology only slowly will improve its conversion efficiency, and thus costs will
decrease equally slowly. However, wind power, already competitive, will take a
considerable share of the electric market wherever wind conditions are good and
conflicts with other land uses do not arise. Commercial biomass use for energy
production will also expand, favoured by improvements in agricultural practices and
in biotechnologies. Bio fuels, free from the intermittence problems that characterise
other renewables, will be increasingly used for power generation, but their use will
also be expanded as fuel additives to power vehicles.

Scenario 2: Dynamic But Careless

With continuing high costs, the attention towards certain renewable technologies like
solar PV will remain modest, but investment in the cheapest renewable options (wind,
biomass and hydro, where possible) will increase. By 2035-2050, wind technologies
would have survived in the best sites and in some market niches, but solar PV would
not have improved much. High temperature solar thermal applications for electricity
generation would have slowly developed to reach fairly high conversion efficiencies
and attractive economics. They would be ready for larger scale adoption.

Scenario 3: Bright Skies

Over the first 20 years of the scenario, renewable energy use would have grown, and
prices dropped, making them increasingly competitive, partly thanks to policies that
favour them in terms of fiscal advantages. Wind technologies would have become
cheaper thanks to economies of scale, manufacturing volume, better materials and
R&D advancement. Solar PV technologies would also have become cheaper thanks to
improvement in thin-films technology, improved conversion efficiencies, and better
integration in building architecture. Improvements in technologies for power-grid
management would also have contributed to their increased success. High temperature
solar-thermal applications for electricity generation would have evolved to reach
fairly high conversion efficiencies and competitive economics. They would be ready
for larger scale adoption. Power storage technologies would also have improved. On
the other hand, technologies for biomass energy production (direct heat, electricity or
liquid and gaseous fuels) would also have improved, and become competitive.
However more aggressive deployment tactics and continued R&D will stimulate
production of power on a scale comparable to that of conventional thermal plants.
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Normative Scenario: The “Sustainable Development (SD) Vision

This scenario calls for calls for a 60% share of "zero carbon" sources in total world
primary energy supply, by the year 2050. Renewables make up about 35% of global
primary energy, about half of that from biomass. Biomass grows by 2.5-3% per year,
and other renewables grow by 4.5-6% per year through 2050. Increasing the share of
biomass production in TPES from almost 11% in 2000 to 15.7% in 2050, as envisaged
by the SD Vision scenario requires a more than three-fold increase in production. To
achieve a share like the one envisaged in the SD Vision scenario, the rate of growth of
global biomass supply over the coming 50 years must be almost twice as high as the
one experienced in the past 10 years. For the other renewable energy sources (hydro,
wind, solar PV, solar thermal, solar concentrating technologies, geothermal, etc.)
increasing the share from 3.6% in 2000 to 18.9% in 2050 requires a thirteen-fold
increase in energy output. This means sustaining, over the coming 50 years, growth
rates between 4.5 and 6% per annum, which could be attained based on historical
rates of 3.4% in the years 1990-2000.

For renewables to achieve the market penetration rates indicated by the SD Vision
scenario would require aggressive policy intervention. Deployment and market
development policies should be implemented as soon as possible to prepare for the
acceleration that should take place, especially for non-biomass renewables, after 2020.

6. Global Wind Energy Council and Greenpeace “Wind Force 12”

Wind Force 12 is a global industry blueprint which demonstrates that there are no
technical, economic or resource barriers to supplying 12% of the world's electricity
needs with wind power alone by 2020 - and this against the challenging backdrop of a
projected two thirds increase of electricity demand by that date. By 2020, 1,250 GW
of wind power can be installed.

The main inputs to this study have been: (a) an assessment of the world’s wind
resources and their geographical distribution. (b) the level of electricity output
required and whether this can be accommodated in the grid system. (c) The current
status of the wind energy market and its potential growth rate. (d) Analysis of wind
energy technology and its cost profile. (e)A comparison with other emerging
technologies using “learning curve theory”.

The study assumes, that on the basis of recent trends, it is feasible that wind power
can be expected to grow at an average rate for new annual installations of 25% per
annum over the next seven years. This is the highest growth rate during the
timescale of the study, ending up with a total of 197,500 MW of capacity on line by
the end of 2010. From 2011 to 2014, the growth rate falls to 20% per annum,
resulting in 453,800 MW of installed capacity by the end of 2014. After that the
annual growth rate falls to 15%, and then to 10% in 2019, although by this time the
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expansion of wind power will be taking place at a much higher level of annual
installation. By the end of 2020, the scenario shows that wind power will have
achieved a global installed capacity of over 1.2 million MW. This represents an output
of 3,000 TWh, a penetration level equivalent to 12% of the world’s electricity
demand.

The main assumptions are:

(1) Annual growth rates: Growth rates of 20-25% are high for an industry
manufacturing heavy equipment, but the wind industry has experienced far higher
rates during its initial phase of industrialisation. Over the last five years the average
annual growth rate of cumulative turbines installed has been almost 32%. After 2015,
the scenario growth rate falls to 15% and then to 10% in 2019. In Europe, an
important factor will be the opening up of the offshore wind market. As far as
developing countries are concerned, a clear message from the industry is that it would
like to see a stable political framework established in emerging markets if this
expansion is to be achieved.

(2) Progress ratios: Industrial learning curve theory suggests that costs decrease by
some 20% each time the number of units produced doubles. The progress ratios
assumed in this study start at 0.85 up until 2010. After that the ratio is reduced to 0.90
and then to 1.0 in 2026.

(3) Growth of wind turbine size: The average size of new turbines being installed is
expected to grow over the next decade from today’s figure of 1,200 kW (1.2 MW) to
1.5 MW in 2007 and 2.0 MW in 2013. Larger turbine sizes reduce the number of
machines required.

(4) Comparisons with other technologies: Both nuclear power and large scale hydro
are energy technologies which have achieved substantial levels of penetration in a
relatively short timescale. Nuclear has now reached a level of 17.1% globally and
large hydro 16.6%. Wind energy is today a commercial industry which is capable of
becoming a mainstream power producer. The time horizon of the 12% scenario is
therefore consistent with the historical development of these two technologies.

The annual investment required to achieve the deployment of wind energy outlined
above starts at e 8.2 billion in 2004 and increases to a peak of e 82.7 billion by 2019.
The total investment needed to reach a level of almost 1,200 GW of capacity by 2020
is estimated at e 692 billion over the whole period. This is a very large figure, but it
can be compared with the annual investment in the power sector during the 1990s of
some e 158-186 billion. The future investment required globally has also been broken
down on a regional basis.

Using the progress assumptions already discussed, and taking into account
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improvements both in the average size of turbines and in their capacity factor, the cost
per kilowatt hour of installed wind capacity is expected to have fallen to 3.03 e
cents/kWh by 2010, assuming a cost per installed kilowatt of e 644. By 2020 it is
expected to have reduced to 2.45 e cents/kWh, with an installation cost of e 512/kW -
a substantial reduction of 36% compared with 2003.

The employment effect of the 12% wind energy scenario is that a total of 2.3 million
jobs will have been created around the world by 2020 in manufacture, installation and
other work associated with the industry.

On the assumption that the average value for carbon dioxide saved by switching to
wind power is 600 tonnes per GWh, the annual saving under this scenario will be
1,832 million tonnes of CO2 by 2020 and 5,106 million tonnes by 2040. The
cumulative savings would be 10,771 million tonnes of CO2 by 2020 and 88,857
million tonnes by 2040.

The overall results are as follows:

WIND FORCE 12: SUMMARY RESULTS IN 2020

Total MW installed 1,254,030
Annual MW installed 158,728
TWh generated to meet 12% global | 3,054
demand
Co2 reduction (annual million tonnes) 1,832
Co2 reduction (cumulative million | 10,771
tonnes)
Total investment per annum €80 billion
Total job years 2.3 million
Installation costs in 2020 €512/kW
Electricity generation costs in 2020

€2.45cents/kWh

7. U.S. National Renewable Energy Laboratory (NREL) Solar Industry
Roadmap

The U.S. National Renewable Energy Laboratory (NREL) “Solar Electric Power: The
U.S. Photovoltaic Industry Roadmap” details activities by industry and government
over the near-term (1-3 yrs), mid-term (4-10 yrs), and long-term (11-20 yrs) to build
markets, as shown in the following table.

The goal of the roadmap is to achieve 7 GW of annual production by 2020 in the U.S.
PV industry, up from 100 MW in 2002. This represents an annual average growth rate

of 25%. It also represents a cumulative share of U.S. shipments of almost 50%

190



ARSI N 1)

R s [ B i 2%

China Renewable Energy Development Strategy Workshop

relative to the rest of the world. (Note: this cumulative share seems highly unrealistic
in light of recent developments since the roadmap was first written in 2001. The U.S.
share of global PV production was only 13% in 2004, and annual production had

increased to only 140 MW.)

The “endpoint” in 2020 is that the domestic photovoltaic industry will provide up to
15% (about 3.2 GW annually) of new U.S. peak electricity generating capacity
expected to be required in 2020. Cumulative U.S. PV shipments will be about 36 GW

at this time.

By 2010, the system price paid by the end-user (including operating and maintenance
costs) will be $3 to $4 per watt AC. Cost reduction will continue through 2020.

Near-Term (1-3 Years)

Mid-Term (4-10 Years)

Long-Term (11-20 Years)

RESEARCH AND DEVELOPMENT — INDUSTRY ROLE

* Develop advanced PV
production equipment

* Improve throughput of
products in manufacturing
processes

*  Enhance
capital

* Integrate R&D activities

* Create manufacturing
partnerships

* Garner industry consensus
and framework for
Manufacturing Center of
Excellence, and

initiate operations

* Develop prepackaged PV
systems for reduced cost
and improved reliability

investment

* Develop model for
high-volume
manufacturing

* Ensure steady flow of
available silicon

« Agree on common
equipment standards

. Research thin-film

packaging
* Develop technology
(e.g., building-integrated

PV, architectural glass)

* Develop small-scale,
standardized PV products
for easy installation
suitable for

do-it-yourselfer market
 Standardize PV systems
for utility installation on
utility grids

. Complete fully
operational Manufacturing
Center of Excellence

* Create new materials
and devices with high
efficiency and low cost

. Develop quality
assurance/quality control
methods to test products
on site

* Expand operation of
Manufacturing Center of
Excellence in response to
technology directions

RESEARCH AND DEVELOPMENT — GOVERNMENT ROLE

* Increase R&D emphasis
on manufacturing
improvements

* Expand the use of PV in

* Sponsor R&D to improve
lifetime of PV modules
and systems

e Continue PV R&D

* Support basic research
on materials for the next
generations of
solar-electric PV systems
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government facilities where
it makes
economical/technical sense
 Continue PV R&D
activities

* Support Manufacturing
Center of Excellence

activities
* Continue support for
Manufacturing Center of
Excellence

* Continue support for
Manufacturing Center of
Excellence

MARKET OPPORTUNITIES — INDUSTRY ROLE

* Increase sales and
marketing budgets

* Invest in manufacturing
capabilities to meet

demand in USA and abroad
* Support an independent,
proactive industry

association

* Obtain long-term, low
interest financing for PV
* Build manufacturing

capabilities
. Develop business
models, rules, and

products for utility and
power generator use of PV
as peak shaving alternative

* Foster robust domestic
and international market
for PV

MARKET OPPORTUNITIES - GOVERNMENT ROLE

*  Establish  moderate | * Invest in  retail | « Fully develop outreach,
residential tax credits (state | infrastructure distribution | training, = and  public
and federal) network awareness training

* Create manufacturing |« Continue  outreach, | « Lobby for utility
incentives  (equity  with | training, and public | regulatory policies and
other energy-product | awareness projects practices that provide
producers) open and competitive
* Invest in PV for facilities market for PV

owned and operated by

government

. Support retail

competition, as well as

customer options under

traditional regulation, as

opportunities for customer

acquisition of PV

POLICY AND INSTITUTIONAL ISSUES — INDUSTRY ROLE

* Increase understanding |+ Invest in  retail | « Fully develop outreach,
and public awareness for | infrastructure distribution | training, = and  public
business executives, federal | network awareness training

and state policy makers, |+  Continue  outreach, |« Lobby for utility
and consumers about solar | training, and  public | regulatory policies and
electricity awareness projects practices that provide
* Lobby for fair and open and competitive
equitable utility practices market for PV

that allow solar electricity
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to compete on a level
playing field

. Support
competition, as well as
customer options under
traditional regulation, as
opportunities for customer
acquisition of PV

retail

POLICY AND INSTITUTIONAL ISSUES — GOVERNMENT ROLE

* Adopt net metering in all
50 states

. Adopt uniform
interconnection  standards
in all 50 states

* Establish fair and

equitable utility business
practices for PV, e.g,
standby charges, customer
retention fees

* Support national and
international standards for
PV products and
components (e.g., ratings,
verification tools)

* Support PV infrastructure
development (codes,
standards, certification)

» Establish environmental
regulations that explicitly

* Continue to develop
regulatory and policy
framework that supports
PV

* Support tax incentive
structure that encourages
development of clean
energy

» Support broad outreach | value clean energy
aimed at business | solutions such
executives, state and | as PV

federal policy makers, and
consumers regarding solar
electricity

* Give credit for PV in
"urban airshed" programs
for offsetting emissions

8. Netherlands ECN Policy Studies: Two Visions of the Dutch Energy System in
2050

Two long-term visions of the Dutch future energy system are composed, analyzed and
evaluated. Both visions were set up to meet the requirement to reduce the GHG
emissions with 80% in 2050 in comparison to 1990. This study took a four-part
methodology and came up with two visions “A” and “B”:

1. Establish the social, demographic and economic context.

2. Chose specific economic growth scenarios

3. Inventory the technological options for GHG reductions, related to the
socio-economic contexts, in terms of availability of the technology within a vision,
societal preference for and acceptance of certain technologies, and internal coherence
between the options in one vision.

4. Conduct a quantitative analysis of the energy balance and GHG emission levels for
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the different visions.

Table 1:

Main characteristics of the assumed socio-economic contexts that are used

as the basis for the two visions and subsequent energy systems

Vision A Vision B

World view Internationally oriented, ““Global Village™ Regionally oriented, world trade blocks
World-wide convergence

Social Individualistic Sociable, family oriented

environment Environment and nature:economic value Environmentally minded

Economy and

Own interest first

High economic growth and dynamics

Distribution of wealth, social equity

Less dynamics and economic growth

consumption  The market rules, little government regulations Regulation, strong government
Recreation abroad More nature areas/domestic recreation
Quantity above sustainability Durable goods, quality

Traffic High demand for passenger mobility &freight High demand for passenger mobility

and transport

Energy and

Private transportation dominates
Freight transport by road

Quick development and diffusion of technology

moderate demand freight transport
Public transportation relatively popular
More freight trains and inland shipping
Technology develops less quickly

environment New infrastructure quick to implement Solutions on demand side important

No change in behaviour Willingness to adapt behaviour
Cost—benefit analysis Priority to environment and sustainability

Each sector of the economy is modeled under Visions A and B to come up with total
energy demand and characteristics.  Then energy supply combinations are

constructed.

In Vision A, renewables such as wind and PV only play a moderate role, mainly
because of high costs. Off-shore wind energy contributes for 10% to the electricity
supply, while the application of PV is limited to niche markets.

In Vision B, there is an impressive development of wind-power capacity, both
on-shore and off-shore. The potential of wind-power generation is about 15,000MWe
installed capacity. This results in a net contribution to the power generation of about
40%. Photo-voltaic energy is assumed to be fully integrated in the build environment.
The bulk of the remaining energy needs is supplied by bio-energy. ‘Bio-energy
refineries’ where bio-alcohols are produced as well as hydrocarbons, are the main
consumers of biomass. A small part of the biomass originates from indigenous sources,
but the bulk of biomass, however, is imported. The Netherlands needs about 4 million
hectares abroad to produce biomass and biofuels needed to meet the projected share in
national energy demand.

Primary energy demand in Vision A is 2000 PJ, while in Vision B it is 1850 PJ. In
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Vision A, renewables supply 46% of primary energy, mostly biomass with some solar
thermal. In Vision B, renewables supply 81% of primary energy, still mostly biomass
but also including significant shares of wind, solar thermal, and solar PV. The study
composes a list of “actions and actors” in different time frames to achieve the visions.

Option Short term (2010) Medium term | Long term (>2025)
(2010-2025)
Biomass | * Finding international allies | *  Starting pilot
(1000 PJ | for co-operation and | plants
in 2050 of | scaling-up of pilot plants * In international
which *  Government: creating | climate policy
800 PJ is | favourable conditions | (FCCC), carbon
imported) | regarding price of biomass | sinks are linked to
in relation to cheap energy | biomass production
carriers
* Industry/scientific
institutes: eveloping
technology and
technological concepts
*  Government:  creating
level playing field
* Consumers/service sector:
illingness to pay more for
‘green’ electricity
Solar PV | * Formation of | * Stimulating | * Creating large
technological top institute | market scale application of
(government, industry and | development PV in Sahara
science) * Strengthening net | * Faster
* Stimulating market | infrastructure implementation of
development for PV * Energy | PV in  existing
*  Companies will be | companies: buildings
satisfied with lower profit | Installing two
margins meters at
* Government: Fiscal | households, one for
measures for technology | consumption, one
push for PVproduction
*  Industry:  Improving | of electricity
technology of PV, increasing | * Standardising use
efficiency with 50% of PV in newly
build homes
Wind * Realisation of pilot | * Enlargement of | * Realisation of
energy off-shore wind park societal acceptance | large(r) scale off
* Government continues | by means of | shore wind energy
steering role in stimulating | information and
wind energy communication
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9. Goteborg, Sweden “Goteborg 2050”

The project Goteborg 2050 develops visions of a future city and region of Géteborg in
a sustainable world. Images of a long-term sustainable future are used in the project to
stimulate and foster an accelerated movement towards sustainability using a
methodology called “backcasting.” The backcasting method involves four steps: (1)
Analyse the present situation; (2) Examine and decide upon criteria for sustainability;
(3) Create alternative scenarios; (4) Use the scenarios to promote change. The project
GOTEBORG 2050 includes components of research, scenario development, support
for strategic planning, dialogue with the public, visualizations, and support for
demonstration projects.

The project is a co-operative effort between the Chalmers University of Technology
and Goteborg University, the City of Goteborg with its municipal administration, and
the city energy utility (Goteborg Energi AB) and other public municipal and regional
companies.

The project is active in a number of planning processes in the City of Goteborg and
the Goteborg region, using the backcasting method. It supplies visionary and
sustainability-focused input into the development of a new energy plan for the city. It
is also active in the planning processes for the city's urban planning and the city's
waste management planning. The project is also supplying visionary input in a
process where the Goteborg region is evaluating sustainable transportation futures.
The project also reaches into the areas of building construction, time use, industrial
development, food, and consumption of goods and services.

Underlying all scenario work in the project is the understanding that social
sustainability, The Good Life, is just as important as reaching environmental
sustainability. Another important goal for the project is to have an outreach to the
general public. Through exhibitions, meetings, media interaction and information
work we reach out to the citizens of Gdteborg in order to show positive visions of a
sustainable future. The project is also proactive in initiating demonstration projects
that show the sustainable world already today.

10. Other Often-Cited Visions

e Shell, Energy Needs, Choices, and Possibilities. “Spirit of a New Age” means
everyone has their own fuel cells at home and in vehicles and purchases hydrogen
from centralized suppliers. Renewables play only a modest role until after 2050.

e Scth Dunn/Worldwatch, Micropower: The Next Electrical Era. A future vision
where everyone produces their own power and renewables integrate with gas
turbines, fuel cells, intelligent grid controls, and markets based on energy service
instead of kWh.
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e Walt Patterson, Transforming Electricity. Competing future visions of
innovation and tradition. Country “Traditia” suffers from blackouts and is
dependent on foreign fuels. Country “Innovatia” has restructured electric system
to on-site distributed renewables.

e Hermann Scheer, A Solar Manifesto. Political, social, and institutional constraints
and possible future innovations towards predominant use of solar energy. The
choice is obvious, we just lack the right institutions and political will.

e Jeremy Rifkin, The Hydrogen Economy. Vision of a bright future where we all
use hydrogen and fuel cells, where renewables provide the hydrogen, and where
energy becomes decentralized, democratic, and community-oriented.

11. Conclusions

China’s proposed development targets include 10% of total primary energy from

renewables by 2020. Table 6 compares this target with other international targets

and scenarios.

Table 6: Comparison of Targets and Scenarios

Target/scenario Share of primary | Share of
energy from | electricity  from
renewables renewables

China development target 5% by 2010 and 10% by 2010 and
10% by 2020 20% by 2020

EU target 12% by 2010 21% by 2010

U.S. state-level targets 5-30% by

2010-2012

Thailand target 8% by 2011

Korea target 7% by 2010

Wind Force 12 scenario 12% by 2020 from

wind

IEA “Sustainable Development (SD) | 35% by 2050

Vision” scenario

Shell scenarios 30-50% by 2050

Netherlands (ECN) scenarios 45-80% by 2050

In addition, China’s target of 20% power generation from renewables is consistent
with a 12% target from “Wind Force 12” coupled with additions of biomass power
generation and continued growth of small hydro.

In the China Renewable Energy Roadmap Project, normative scenarios could be
developed for fulfilling primary energy of 10% by 2020 and expanded upwards to
20-40% for the 2030-2050 timeframe, with detailed breakdowns of different
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technology shares, using some of the methodologies from the studies presented above
and several additional studies. Different technology cases could be considered, for
example a case where biomass plays the most important role, similar to the
Netherlands scenario, or one where solar PV costs are lowered to an extent that solar
PV plays an important role, similar to the U.S. NREL Solar Technology Roadmap.
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