AN/ NN R B
2011 4F 11 H Jiangsu Electrical Engineering 5530 % 4 6 1
- L HLZR -

RBR 2605 F 1O et b AL 5

GEA K K B &
ISl R R B 34T B 7], 1T 95 J ¢ 210061)

W E.EALELREMARGARSE FJIANFFRRELEIG (CDOM), T AEL kB X5 EIIRBELF T oKD
) R AL R AL AL SR B 6 4B R R s AL T A R AT R AR R R AR AR PR T A B ke BT R AR T K
BARRKBE AR T KB RS T E, 65 RANIP IR B ey B A o 5 k39 S A L,

REEWR Ab M;  R AR AR E BR Gy; AE I AR A A I

HES %S . TMT15 kAR A A

W 4Bk H 4R AR HE | kb CO, HE AN & i
AR 2 5F B 2 O Y RTBEFE T IR & TF e A 2K
Fhoe B AR, SEBL U AL T SR R R ) —
Pt AR 22 U AR T <Ml " R 5% ki, &
WK 22 R J o 70T i R IR BE M il /> B 5 11 0 — Uk i
TR, 52 BLRE DR D A 556 20 s 22 057 | MR R
FEAERE PR A Y 0 B At b AR 2 PR 22 B I KA AR
SE I RFEEE

YR fre 2 CO, HERCIR, WL ) 22 8 A v
oK T AR 5 RN P 5 b ARl L ) B SRR (S5, 6]
HHPHT T AT I REUR AR LA AR ) R G
IR 1R O P ) S5 B 5 AR MM 5 SCRik [ 7] 3B 17 52t
CO, IBHEXT L 3 785 SR O HE A 9 il ; SCRR (8, 91 k5
TAE LR R P 5 LB 249 SR A R e LA A
ff AL 1 i L DR A

HT AR FiL g AR o WSS 22 5% P 14 2 SR A X 5
%, R [ AR CO, B i BB SR A O B 240 R
B 55 5 L -5l e i DS A Gs A )™ R e gl | I
AT 22 05 T W 1 R G PoR LIRSS S s 1T
A, BRSO R IS o — A R B B
T7 18] AELRE 5 S A AMIT I8 R ) SR R e
ZTF T BN T AR IR A R AL (CDM) 51 A B i3 )
HLIR LRI P B 8 CO, B AL, I S Bk 29 5 ik
Ay JESLARBREZGE T 0 e 9 A AL RIS R
AT A R S 2 o B 8 A2 B A TSR i

1 #H=RE

ST B B AR R T R R

(1) AXE A I8 OAVR AL (MT) |
BB (FC) XU & HL (WT) Bk & Ha (PV) |,
R o B L R R — IR BB R X AR R R R AR

(2) DUFh A IR R F7 S CDM BBk H ) £
A, H BUBR AT —E B CO,, JE MM E

BAG A .2011-06—09; 5 = B #1,2011-07—-13

XEH S :1009-0665(2011)06-0001-04

HE,

(3) TERLA) 2k A v 2% i B Ak A FRL R )
FERE, 51 TARER & L EOR BRI BE A, IAh
WT 5 PV HAH R BUAE T MT M FC #iARE £
1.1 BiREE

SIAMRIRZ VT, D = SR HE A A £
U AR R R T Y H R A AR B Mk

min F=F, +F, +F,+F, ()
K (D). F, R M IR &R % i, oe; F,
R R s AT S Y 2, oT; F, o5 B
IR TR, J0; F, A iH 5 K s 17 238 6.
", IG,
FI:Z1 [le;m (14r) "] 2)
K2)H, 7R IER SRR, N R R
FHE  F B o 250 A LRI AR ¢ 4
PR, I0; r AL

~(1-0.5)

Fy=2 L(F +F-H )(14r) ] (3)
F,= 2 (G, 0,4C,,) )
F;:bM Cy Q’M +bFCFQtF (3)

K (3—5) . F, JHURIAE ¢ i U5 B0 35 17 5 4 1 %
F, 765 F LRI ¢ BB IR BB BT, T 5 H W TE
B AE ¢ Pk V2 T P SR A (2 ) R AR A F M 25
s €y HNC, A3 RS n bR R I 32 AT 5 4 B
YEF B Q) M8 BB TR FLRIAE ¢ 10 % P
kW -h; b, Al b, 45 512 MT Ml FC 437 Ha, 5 SR kL FE
F,omY (kW-h); C, 1 C,. 535 A B ELORE A
JE Q) QL5 5 A MR ¢ AR R %
kW-h,



2 PAD N~ S I A S

F=Y 210 (1-r)' 1+ 2 [f(Reo)~C,Ru0 ] (6)
S (6) T, B AT PG 45 1 0 (B R 1 3 R
AT TE A 2 TR EIA CO, 5 5 ML T A
HY B A T 5 € AT 5 L HE A 00 B A A A
A TE 5 J585 n SRR IR AR A A R %
Roo R PR 2 H H R 5 AR COL IAERE 6 /(R0
R BELAS S0, ¢, S CDM AL AT 58 5
iy CO, WHETH ,TE.

New
t C i
Reo =2, ¢, Q; (7)
k=
t t 2 t
f(Rcoz):a(Rcoz) +bRcoz (8)

K (7,8) ey WA b JSHR IR & B CO,
I HE 0/ (KW-h); Nepu FFF A CDM HLE (A B
5oL PR RN 2 o b R,

F,=C,xQ,~C.xQ.+ X, C, AP 7 (9)

K (9) . €, A C Ay B BLRIAE ¢ I 1) L 0 i T

W RS RS RS T /(KW -h) 5 Q, Rl Q. 43 511k 1L
KA ¢ P I R P 7 ) i R L i kKW -h 7 S B
H, 19 B R0 A v g1 0 £ B )R] B 5 C, A DD BR B AR

AT IR BT G B2 AR A% L T /(KW -h) 3 AP S
B 9 2 B kW
1.2 AREHG

a)M%HW%mEQ%K

ZP>am)a (10)

max

K (10) T PR ES n B JEAE BLRIAE ¢ 10 HL2
B kW, R, WA RITE S P, WO 7E

ﬂﬂ@%%ﬁﬁﬁ%*ixwowﬁﬂ¢%ﬁﬁﬁ
<o PR G 7 A A Rl ol L DR S 0L 0
ol G A ATl O R AR

@)M%HW%%E%%
Zhwho,o/d (11)

A1) T, b, A T T 8 o e R A R 4
(i) 45 FH /N B by QSR B ks I 7 BRI AE ¢ 1 7
TR HLE kW-h,
(3) falces Y 4 P 2 e
P, <P, . (12)

K12, P, s n Rl JRAE LRI AR ¢ BT Y
BHLA R KW, P R I 8 R T £
PR KW, T T4 % Tl ol i K T
o2, e D AT B4R 48 P A R B T
—ANFESEA
(4) PR LR,
P wsP <P, (13)
XA3) . PR nﬁM%ﬁ% m@mmﬁkw
P, o FUP, o090 9 LR B 65 86 T 0 R BRI
B kW,
(5) T PR IR0 5 e o 2 i
Qpin <O, <O,
0, in SO <O,
K (14) 0, Q) o T QL A0 S et 60 8 A R 4
A 0 3 2 B M KW - Q)

T Qo 3 50 1y B0 TR0 72 LRI AF ¢ K H 99 0 3K oy
A R IR R KW -,
(6) HABAEMLH,

P =0,<T, (15)

EQO R PSR - GEN U R O X G ER TSI 5 3 N B

LHBAR,
(14)

A FRORE 0 PR IRAE T 4R RO BOR S A AT
AT & H,
(7) WRHERLH
Zef\ (16)

£ (16) 1. e W8 n BB U 24 3l Y CO,

HERCER  U(KW-h) 3 E HELRIAE ¢ BURILE [ CO, A
Hej it

A (1—16) ¥ 1 T MR RR 22 55 13k e, 9 Hi, Y508 %)
HIAL KRR Pl A A dE P L0, 0 I AP |

2 KEAE

SR P A4 SRR W 6 T ) 4 A R R i A
RIJ7 AT A T RT DL R s AR Sk AT

SR RIS ST R P S S g A i A R A
R 1% 28 2 ) - et DL A, SR T 11 5 J3E 20 331 0

w,=1,w,=2 ,w,=5 WZE 0SSN, BARA 745

VERR R = FOAS TR  d 0 a0 8 B AR 5=
gE . wmARmE 1 Fs,

3 &Hi
PLSCHR [12-141 v 59 I 38 2 48 SR mli 4G 3 1 5



ARIE AR A RBR

DFT B Gl 10 W IR R T 5 3

S A B V0 T30 B
Rilis N ;klkﬁ? ESE L3

‘M%%WﬁmA%‘

w;\

/\MSJ_

fc%‘ﬁﬂ?ﬁﬁm A A

[ A ¢ 8 5 A1 1) 4 4
'ﬁ

2 IFHEATA R | 5 58 SR

AT IO AT LU 0 P O R Y

5 /I\MWJt

A (5

A A3 7 FE fH 2 77
X — AR Y

\ quw \

B 1 EFEEEENREMBIRENXRER

7 AR XA L A = T e T R A
W45 BL R 8 AN 2 Btz A G 8 67 oy T 40080 4n ¢
1R, FLR sl YR 48 300 kWA T BL R <5
Bl 250 kW A9 B5 R 250 kKW 14 XU & L #IL A
200 kW Bk Eﬁ‘zﬂz[@ﬁu AHOCHE WL 2 Fik 3,

MGCC
s 1
i 6 ’ ffif 9 1
G "
gz, |1
WOR 8 |,
Wi G157 530
12 OB TR AL | 900 3
W %t
fgz‘rll
OB B o 7 4
5
. 10
y 1 fif
ik it s S e
%14 6 —@«ZI—*@
T 8 i
etk A

B 2 FEfREmMIE

F1 AYKEERNATRKEMHAEETN
T 47 2011 2012 2013 2014 2015
Tt kW 1330 1480 1640 1800 1950
A /GW-h 6.2 7.1 8.0 8.9 9.3
TR AF 2016 2017 2018 2019 2020
fifsf kW 2100 2260 2400 2630 2830
B /GW-h 102 11.0 11.7 12,5 13.2

®2 WMEMPRHERNEIEE kW

[CGRIYES MT FC WT PV
REDPRER 300 250 0 250 200
HEYETR 0 0 5 3

ey 2y 1200 1000 1000 800

R 3 TR0 N R IR A A SR H IR

T BWSIH /AP RS R R
(t-kWh  [Di-(kW-h)'] mEvh Do (m)7]
MT 5000 0.004 6 400 1.8
FC 8 000 0.25 5800 1.8
WT 10 000 0.18 2800 0
PV 20 000 0.20 2600 0

W7 % v A AR R 1 R AR 43 Ry
2013 4F 1 2015 4, HERCH A5 °4 2020 4E7E 2010 4
1y He Al b 5% V1A A A% 0.8 T /(KW -h) |
W38 oy W kg B 80 JT /t, I HL AN A& L 0.9 JC /(KW -h) ,
BRI 0.4 JC /(KW-h), BEEERS LN .
FREERLAE 100, 32171080 1000 18, 52 X% 0.75 48 5
£ 0.05,

HR 8 2 57 A RERY R4 Hh P B0 SRAS AR &
T AR P R R 5 RN 2 4 TR

M 4 nl UL, KRB BERiT I, MT F1 FC (141

LK B 2016 4F Ik B W (H | REHLA 2 53 3 R
1 108.75 kW Fil 846.28 kW, Z J& , 25 ML 2% & JT Uiy Ik
A BIRLRIR AR LA 548 Ry 785.92 kW Fil 474.28
kW, X FEZEH TR FrBRT, T WT Fl PV
ZHEARBAAEEN L), S 51F) 2013 4EF 2015 4EA

TR AIZ AT R MT 1 FC B89 9% AR fili H:
FHE Pk A MR T AR B B W TSI T 5
HRCHE F bR s> T MT Ml FC ML it
AL DECHE H ARSI A R T bR S8 E g Al AR
k.,

[FFE % 4 AT 0L WT A1 PV 23051 21 2013 41
2015 AFEA FF IR A BAT  EEX Z 5, RN I
BERAEREIN, Jf B3GR H R L R MT #i FC 1Y
BEMLA i FERLRIR AR LA i 18 2 875.76 kW Fil
755.55 kW, FEE| CO, ZZHLHI 51 A 3 WT
PV BB &, T LAARAS 3 22 0 e HE i FH 1
A DRI £ | B AR R T Al i 8 A | IRt 7



4 AN

Bl TR

&4 (REREFF TR MEFERRK LA ER

MA4E - MT/AW  FC/KW  WT/KW  PV/AW  BLRIAE & /GW-h  HRAEEd 5 /GW-h Y16 % S kW
2011 823.77  514.52 0 0 23142 0.026 4 185.12
2012 947.45  562.05 0 0 2.076 3 0.083 7 166.08
2013 977.78  646.81  38.63 0 1.8242 0.1710 145.92
2014 102235 73042  73.15 0 13857 0.306 2 110.80
2015 1033.67 790.02 115.93 4325 1.032 4 0.868 4 82.56
2016 110875 84628 152.02  54.83 0.736 1 1.0152 58.88
2017 1010.63 822.81 363.31 192.86 0.4257 1.368 7 34.16
2018 912.80  672.28 591.04  347.35 0.1527 1.753 8 12.16
2019 838.03  563.02 694.03  584.02 0.082 6 2.0305 6.48
2020 785.92 47428 87576  755.55 0.0429 22459 2.49

WT F1 PV iR A LI, AN LA AT 5% 30k,

Bahn ARAR T B R R

R 16 56 110 ol Hht YR 785 | T A i 2 1 B K]
20 :3x300 kW [ MT,2x250 kW 1 FC,4x250 kW
() WT 1 4x200 kW () PV, H1 280 80 &) 4
CO, ZAFHEHCE AN &l 3 FiR
1.37
1.27
1.1r
1.0+
0.9

0.8}

CO, HETCRE / U7 t

0.7|

0.6 ! . ; \ ! . \ . )
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

RUEE
B3 MXIEAN CO, BEHME

H & 3 0] DL BRI BR AR 1 CO, HEC i S 0.87
Tt E] 2017 AFHERCE A BN E O 1.20 J7 t, B
Hemci iR N, 15 AR SRR BTN | CO, &
AIHERCE 2 10.11 3 ¢, 4 ¥R o 1.011 77 t,
LRI 20T 400 4T 5 1 18.94 % | Tt M8 R AR AT f HE i N
0.82 J1 t, Lk LRI BIAEREAR T 5.74 % i8] 1 BUM M
E MHERICESR X2 RN J5 WIRE S XU & L DG AR
RHENAPMAEIA , #5 MT fil FC HL4R iz
11 ,CO, HECE ZR 8 T R

4 LERIE

AR SCAE e 1o R PR Tt AR BR 23R, BIA
CO, 2 H ML | Lhrl T3 il B 8k 4 e R F A 57
TR AR | e R A R R S e A
VORI, D5 ELASRFRN], Sl Kk AR i ) 45
A AR i HE s A6 RE O TR TR LA R e L fa1, AT
AAR Gl 5 B HE H AR R L 0 A7l il i R i
SEEL L T Tolk AR AL

(1] BR—ng 223 5 3& 4%, o [ AR U8 4 4 (2008) . B HE i F
¢ [IM]. dbmt . #2% H iAt, 2008.

[2] skdh R WE R4 RMS. IRAR 2858 (M. db st v [ 3R 3%
B2 Bk 2008,

(3] FE R, BrJa 8, 2 . kB Hs R A ik 52 e 22 [T, i MY
AR 2009,33(2):1-6.

[4] IVANA K. European Union Perspective on the Kyoto Protoc-
ol: Emissions Trading Scheme and Renewable Resources [C].
IEEE PES General Meeting ,2006.

[5] DOHTREY R,OUTHRED H,0’MALLEY M.Generation Po-
rtfolio Analysis for a Carbon Constrained and Uncertain Future
[C].International Conference on Future Power Systems,2005.

[6] DECAROLIS J F,KEITH D W.The Economics of Large-scale
Wind Power in a Carbon Constrained World [J].Energy Poli-
cy,2006(34) :395-410.

[7] DENHOLM P,KULCINSKI G.Net Energy Balance and Gree-
nhouse Gas Emissions from Renewable Energy Storage Syste-
ms [R].Report no. 223-1,Madison;Energy Center of Wisc-
onsin, Available from http://www.ecw.org/prod/223—1.pdf.

(8] Wijia#% , T JC, B W, 5%, W AT M ARk Ak 1 S0 B 28 3 40
B B =l A R B 52 e (D). L ) R 4 A B4k ,2009,33
(15).18-23.

[9] DAMIEN C,TOSHKO Z. Emissions Targeting and Planning ;
An Application of CO, Emissions Pinch Analysis (CEPA) to
the Irish Electricity Generation Sector [J].Energy,2008 (5).
1-10.

(101 E il A S BR335SR AL 1 6 i 8 A0 D i 19 T

Tk [, 54K 222 3R (11 SR BHE 1), 2008 ,48(3) . 357-361.

(11D FhJ3 58 8k M 9 4 SC. 4k~ 0 A 9 0 i i 35 £ B 92 oK i

RIBHLLH 20 A5 1) R LT] , v [l ML TR 24 4, 2006 ,26(2)
82-87.

[12] DAVIS G. Integration of Distributed Energy Resources [R].
150-99-003 , California; CERTS Program Office Lawrence
Berkeley National Laboratory,2003.

[13] KARINIOTAKIS G N,SOULTANIS N L, TSOUCHNIKS A
L.Dynamic Modeling of Microgrids [J]. Future Power Syste-

ms, 2005, 18(18); 1-7.
[14] KATIRAEI F,IRAVAI M R ,LEHN P W. Micro-Grid Auton-
(T#% 8 M)



8 PAD N~ S I A S

T AR
P&t PRIEAE (1965-) 2 WL T A | i G AR 0 i s ) R
BHITE (1963-) B8 TLHR e N W g LA S R A B T AE

The Ratio of Heat—supply Indices for Large Scale Non—cogeneration Units and its

Simple Calculation Method
CAO Bing-yuan', CHEN Guo-nian?
(1. Jiangsu Zhenjiang Power Generation Co. Ltd., Zhenjiang 212114, China;
2. Jiangsu Electrical Power Co. Ltd., Nanjing 210024, China)
Abstract ;: According to the basic principle of Heat Quantity Method, a thorough research on the ratio of heat-supply indices
and the statistical calculation method for the complicated heating system of large scale power generation unit were
conducted in this dissertation. Having put forward the boiler heat output-based heat-supply definition formulas, a simple
calculation method was then obtained for the daily statistics of power plants. This paper also discussed the applicable
conditions of the ratio of heat-supply definition formulas under the industry standard, and statistical specification on unit
heating load, which had positive guidance meaning for the occupation standard of heat-supply indices.
Key words: large scale power generation unit; non-cogeneration; heat-supply indices; ratio of heat-supply; statistical

specification
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Generation Expansion Planning for Microgrid with Low-carbon

Economy Constraints
Z0U Guo-chun, CHEN Qi, SHI Lei
(NARI Technology Development Limited Company, Nanjing 210061, China)

Abstract: Based on the traditional power planning, this paper proposed a micro-grid generation expansion planning model
under the conditions of low-carbon economy, taking the Clean Development Mechanism (CDM) and also carbon constraints
and carbon trading into account. An improved matrix real-coded genetic algorithm was adopted to solve the model, and by
enhancing the operator of genetic algorithm, the global optimal solution was obtained reliably and the convergence speed
was improved. Results show that the proposed model and algorithm are reasonable and effective.

Key words: microgrid; generation expansion planning; low-carbon economy; carbon trading; matrix real-coded genetic
algorithm
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