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Power system evolution and aggregation theory under the view of power ecosystem
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(1. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Urban Power Supply Company, SMEPC, Shanghai 200080, China)

Abstract: To meet the need of grid development in new generation, an aggregation theory integrating with Ecology, Behavioral
Science, Organization Theory as well as big data analysis method is proposed. The aggregation theory describes the power system
operation features, evolution law, and dispatch model from the new perspective of Ecology, which can guide the design of the
behavior norm, operation mode, and dispatch scheme of power grid operation. It makes full use of massive data and adopts
orgnization group operation mode which is more universal and more flexible, conforms to the development tendency characterized as
power grid mass data sources, and being distributed, diversified, and intelligent, and guarantees and speeds up the evolution process
and modern power grid, which is practical, prospective, and instructive.
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Fig. 1 Aggregation theory and its research framework
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Fig. 2 System structure of different generations
of power system
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Fig. 3 Simulation result of three generations of grid’s evolution
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Fig. 4 Situational leadership theory

2 MKITAZE. HAFHR

A7 8 SN AR AT A — R A,
B TR EAAERE) ), 15 AT 5]
T WA BOE SRS I HE . DTTTA R B
FUB M SRR TR SIHUE G 47 R
AT 0 SRR I 2 il S A T D AT (¥ A AERIAT HL 5%
Wi, SRS RS RIRAL RS S AT ST
AP A—BhI R AR . DI RS AR AT D LA
AR DEL “ SEARIZ DU ARERPIRAIBAT SAH N
S FEHEEE 7, ANGIRBOR. BRI, R
Jti s AT VAE 5 T B WA T A SR T AT
I, SRIT I RGus T LAt bk, Rn
PEAFFEAR o

AR F——WERI AT RIE T BT
AR MRS R BB, feth T R
BB R OME T T RS AR B
Ko WHUNA: BT IRSUEIE. Rtk Kz,
HIMMESURUE SEPIADHIRAT R €A UNE SER LNV d
JERE; WU A BRI I AR b
WFFUIR A R A B 15 il S AT K SCHE R 2R . E S
&3 X PEcoS AT A 24 IR R BEATHM 8, fRE T
AL /N L — LB X — A i FL R AT )
REVEA I 21K DG— T3l K — 1 W — VPP — i 2 HL
WAL, WA T SREIILH . Hir, MBEaTde.
AT SRR P R APH 8L I AR LM )iz
177 B AR




-104 - & & AEY D EH

2.1 MKITA— BRI R

WUl (Motivation) A& 51 5 AT H 47 & 47 4 i
ANGE T AT A A G . AT AU R
RT3 LU 7 F KBS . AR R T A L
RIS . FERBR TR, MALEIE AR
K JEHS A 77 3K (Desire) (), 757 3K & 0l 218 ) A
Mo WA IR . FRAT LS 2R, IERE
K, PeE T (Goal), 774 T BhHL(Motivation),
1 FEAT A (Act); L FEES RS 5 R VE 17
M RE, iR B SRR AT A — A
oo RS I EE PR (expectancy theory) FlLE
B8 (Comparison theory) F4) il : HIEEBRISaAMA T
SKEEEXT S MAFIAEE A ZARAGRL PR, A
g 2o € 1 H AR (Exp) o 12 H PRI ELRAK
P S HR A A — R YT S E A AT 2 K 4
24 (Performance) A ™ R 4T 28 o Bl AR 2245 31 22 Jil
(Rewards), IrLAE WA R0ESTEL, BRI —

— EW. A
— =m

- BIE. R

SE AT AT, BIAT H (Pay) e IXEETERL T /MAT]
5 ML 1 #) % (Intention) «  J5 ] (Direction) « 5% &
(Strength). FF&L1E(Persistence), 7% T MALAEM
AT 0o T bR B W& %I A AN Ak o R )
BN B AMEA . B O % LPARS T 0
LR I FARFN L, AR 2 AN T —
B B AT TP, K32 D R G
& RN, WA I I ARSIl A —E IR 2)
XF AR @0 SRR 2OV R A T I gl i 46 (O
), fEMIEAN b, FER B IS AT Mol
PRI AT Ry & G R A BT BRI R,
T I S0 o o S T ) 7 R S i
PR R RS, TRET. fF RS R, XA
PRREAT AL R T IR R Ak, DIOSAMA AT A 2T A
%2 1E(Organization Behavior modification, OB Mod)
X EIRAT IR AR A TS, S AT h—B
JiEAL, Wi s fros.

LABE. SR (FREIR) 178

2. BRI G ~1Th
3 4MH T HBUETRR) —~1TH

BESHR H % ngmirg>=:-;|l::;jf"j""
T T
| I
| ]
1
|
|

i HRAIAR

I
1
I
S Narern
}
|

DR ™)

APS TN

f;;;;g;»“ P
Sect—

ouEg T

1
. »>| BT

.
— J— e e N

,,,,,, s — — g a

2

HEdE LETH HEGU
A LAEAT i A 8% }—P{ LV }7

0/T—MAX

5 T A—HHEE

Fig. 5 Act-motivation model

2.2 MRITHRIERAAR

FEAR AN B AN DA EAMER G, AT T84
FEHBNRFR, SR I M T . FEAR T 14
BRI, 25 BAERE AR AT 15 50 F DL I
SPREACVE AT MIESRAS A H bre BEI, R
70 2 L s A BAAEIE SR 4% 5 H s i fe b &
T MRS AT A, DARE . 2hE AR A —~
A=Ak R B e, 5 BIBAR AHEA
— . HHBAFERE, BRI AR e B A R
Jtks AR HIESRANR H AR 2 oAb AR 1

AMEAT A UL BRI A, AT AT
FEARRINE,  AMACAS I 72 I AT LA B8 s o 25 20
o W BTG, BRI TAE A, BoR g5t
TR RE 223l 70 BCAH S H 2R3 - FL ) RS rh R dn «
BRI R ) VPP, SNz 1T 7 AR
Aok R D FRTTRE DX 7 Y X 56 o T A A B 0
SR SO Z W R .

(a) HEAAHEY(group composition)

— MR B 3 1 R TP R e T o (R BEAE
PR R AR T — 8 VARG A



f=1= BN faray
DL Ny ST

WL AEAS AR GUA T R LRI e i ) R R R - 105 -

RINER ), AR5 TR At A (group polarization)
B A D ZE (groupthink),  FITARCHS R w58 I AN T (1)
AL A SRR — S g5 e HF e R 451t &
X HEAA B8 O[] 0RO AT o T BE AR AR I 2 A,
2 FH LA B IR) J FRRE A >4 U I G HH R s 30K
Wes, BEARRGEHERAC  [RTTHEA AR A R
UGN R 3 8] 2 T J8 e 4 5 28 1T PRI e 2 1) AR 2%
o M ERAEMR, hRZ. BAA— AN
FO I, I RAR R BTG, H SR TR
derchl, RIETEESR, HAE AR STERGE. O
AN A AT R ) TAERCR S 2RI $E T .

(b) HEARFIAL(group size)

USRI 0 2 o, Rt A AR
AR, A= ) R JEAEL 3 KR B2 0 ek s 3,
B AVAE S R R I A A S A AR
2 I R A~ I 0 2 T R A RS (1) 9K
IR, BB AR TAEXE LA 2R, ik
GRS Dy BRRE ph el s g FR il X LU 2 AR 2
BCF A A BO B, R DT AR, AP B SR HfE
DLV AL o S22 T SO AR R IR A 23 1 1 B2 (social
loafing), B[R 53 7EREAAR AR I ANSS e %% JiF2
AR T TAE.

(c) HEARHLYE(group norm)

— MR BT V) AN R S B B T i i B A A
PRI AN, S A AR AASRRIE . 155
ATA5 R Dy s L Rl o A OR T 0] AR BT
FESZWAT R, AREL T BRI O E, AR AX
T AR R, AP, BER IR T H
AT 5, RIS SRAETTIAT A () 5L

(d) #EAA AN 2 (group cohesiveness)

BRI G PR TERR RS, K FAR AT A i 2
RAEREARI S TN 25 . HEREAAN S| ) HEBUI 25
TER 1) ) 3t DA SRR B 3 B 473 TR

BEARN R I RAZ L= D) IR AR EROCHE, 2l
PR H bR R ZH b — 8t s i, BRI A 2342~
AR s RZ, BEARTEATHE R AN AHL A sl 44
WAt B RS 5% ) SEAEAA ) B AR s 1
HIRHIA 2 o
2.3 ETRBFEHBNRRITH. HLFNA

w1 P, =AM AR L. 20
o A, AMER TR W RES MR RS
it WL DEIREEA e R T I RS
MPEUTHLEIRA R 2 2 FE, IHE. IR, =L

SFECH REIBAT NI MR bR . AR SR
ST RO RS, AEAEANAER s A R Bk &
HARIS BSAZ, 17 RS D)3 ek 540 A £ 3501 ) 7t
] DAUE Y = K 2 ORI, LA U B AR A 0
SRS FLFT & A B AL 52 4 1P Tt I, 25
ik veiTPIQ R il S R RN B 2
TR B, KRR, gaMiet
ML) RGREARUS FB ) RGEUEA TN A 04, KT
KRG BESETE RGONFNR MR ), — e R EAf o
THRZACH I RGEAME LR, 2B ) I it
s, WidE AT, RN ARG
FETF BN A R GE A ETT AT A W SE AR Rk
2.4 ZZEEH

RE VS HL AN IR [n] i 25 ] 7 2F B2 U (RES) A H
FHRBAR KSR T L. 1 RES KA DG 4520
IR, AR ) R GE BT e 2 AR E NI
2900 [\, ART RGAE ) TARAT A A 4
2, W LU T A 22 il XAk T DG
fifiBE  HLAEVA BEAE RIS ATAH JC B o8 M B A5 Tt 1)
i W DG 4l LEAT PRI D) 3R T BE ) R NS
i AE S TCHEAT IR N P s TR 2> DG 83
JIX, KRB Fs EAT R D 2R
FEMCE R, o 9 sl P A A DG NS . 384T
L9900 PR RE T BOTAE I e RS (5 S
VA RE IR R R, S 2 18] )R EATAS HAT N
SEILT s BRI, BURRAUH) T VPP, 45 GRS
H, O RIR 2R ] A e U A PR, BNV R T R 2 Y
Supergrid. TI7E VPP Fl Supergrid H, MAT H[A]
MR, PPN, IBATECON RS, M, A
F= 3 A AR B RS 8 5 47 S BN AT
P MR ), HAT— 2 ek . K%,
T H ™R R eV ) BRI FASE I, PEcoS 7/
T ATHREETCTG R R R, A [ e SRR —
FRYNI BRI Sont 73 A 22 YA 2 K Fi R GEAH
KEARBIBER, 515 LART FEAEE T Ae A 3 1 AE s
A AL ST ITTREZSON s AP 3 NP CYR Y [T 5 1
ATFITR H 7 0w AT PR IS 222 FE AR R W B,
T [ S AR I BUR . FR), ) R GEAH ORI BE
FES&IH - P BEA RS S s . LAk
PIARR) o3+ I8 R e R RS P SR
B, KEdE GG S SR AR IR LT B

3 g

BEREET AR (L, R R I 238 2 (K,



- 106 -

&) &GS

DA g R 55 ), AR SO T R B RS

. BRE PR A S 5 R 45500 T-BL,

SiEERTE AT R WAV, MR RGH TS

I ROBERIITST,  DLAEZS S R e RN € ) i

S, AT N 2250 T 5 B TR AT -4 Hh i ok

B, DLV ERT SO R T B, IETEHGR

FHE. REBISAN AT DUPR ) R R

AT A BB, IR AR R R R Skt

JEEBAIRT, PREIFINIE T M BAR RS, HA

EHEEE X

B2 3k

(1] FRp5s, RAT7, 250K, 55, BRI EIRZRRT].
HL B AR, 2009, 33(8): 1-7.

CHEN Shu-yong, SONG Shu-fang, LI Lan-xin, et al.
Survey on smart grid technology[J]. Power System
Technology, 2009, 33(8): 1-7.

[2] Secretary of State for Trade and Industry, UK. Our energy
future: creating a low carbon economy[R]. United
Kingdom: British Government, 2003: 25-29.

(3] Wioedh. BREHI: ARK M R EASH[T]. HM L
K, 2009, 33(14): 1-5.

HU Xue-hao. Smart grid: a development trend of future
power grid[J]. Power System Technology, 2009, 33(14): 1-5.

[4] TAIH, HOGAIN E O. Behind the buzz, eight smart-grid
trends shaping the industry[J]. IEEE Power & Energy,
2009, 7(2): 96-97.

(6] RMagE, 2SCWS. & aE MR Pr]. T E L TR
i, 2009, 29(34): 1-8.

YU Yixin, LUAN Wen-peng. Smart grid and its
implementations[J]. Proceedings of the CSEE, 2009,
29(34): 1-8.

[6] IPAKCHI A, ALBUYEH F. Grid of the future[J]. IEEE
Power & Energy Magazine, 2009, 7(2): 52-62.

(7] EWMR. BHEHM L B REREM[T]. HIMECA, 2010,
34(10): 1-5.

WANG Ming-jun. Smart grid and smart energy resource
grid[J]. Power System Technology, 2010, 34(10): 1-5.

(8] JHZEAR, WA 53, 5 osAt. WA A R SR R JRE AR ]
Jogi &5 i B ——X e AR 1], L TR AR,
2013, 33(22): 1-11.

ZHOU Xiao-xin, CHEN Shu-yong, LU Zong-xiang.
Review and prospect for power system development and

related technologies: a concept of three-generation power

[9]

(10]

(11]

(12]

[13]

[14]

[15]

systems[J]. Proceedings of the CSEE, 2013, 33(22): 1-11.
CONSTABLE G, SOMERVILLE B. A century of
twenty engineering achievements that
transformed our lives[M]. Washington, DC: The National
Academies Press, 2003: 1-12.

BRI, WRTTIR, B, 55 el st M R G
HHE[T]. IR 585, 2008, 36(13): 11-14.
XUE Yuan, CHEN Zhe-zhao, WANG Tao, et al. Control

strategy of grid-connected power generation system on

innovation:

renewable energy[J]. Power System Protection and
Control, 2008, 36(13): 11-14.

BB, EAPP, 5K%E, A5 R s AL i
FRFIFMEED T —— (OB L] o
T RGARA 5 FE, 2010, 38(18): 104-110.

YANG De-zhou, WANG Li-ping, ZHANG Jun, et al.
Modelling of the large-scale distributed power supply and
the analysis of corresponding grid-connected characteristics —
(1) photovoltaic plant thematic[J].
Protection and Control, 2010, 38(18): 104-110.

HKCP, TR, SR, A5 AR H IR A R XU
R[] B RGERY 5EE, 2014, 42(5): 12-16.
DONG Yong-ping, HE Shi-en, LIU Jun, et al. Wind

power consumption problem in the view of low carbon

Power System

power[J]. Power System Protection and Control, 2014,
42(5): 12-16.

WRBta, BoRE, BOEZE, 55 JET RN A 5
KEREEMRLED]. B LEARZEHR, 2010, 253):
150-156.

CHEN Chang-song, DUAN Shan-xu, YIN Jin-jun, et al.
Energy management system of distributed generation
based on power forecasting[J]. Transactions of China
Electrotechnical Society, 2010, 25(3): 150-156.

Fte, BiEG R, 55 TS QRN &
R R B ) R et 22 5 B (B850 [ W
A2, 2013, 28(10): 337-345.

LOU Su-hua, WANG Zhi-lei, WU Yao-wu, et al.
Coordinated economic dispatch for power system with
significant based on

wind power  generation

chance-constrained programming[J]. Transactions of
China Electrotechnical Society, 2013, 28(10): 337-345.
IR, WK, WA TT, A5 2050 HEZET RS H
Jyits RARZE: BT PR W7 SE 06 = AU SE R (M),
b5t hE g HARAL, 2011: 3-4.

HU Zhao-guang, TAN Xian-dong, XU Shao-yuan, et al.



f=1= BN faray
'7l7é7\tr

WL AEAS AR GUA T R LRI e i ) R R R

- 107 -

[16]

[17]

(18]

[19]

[20]

Enquiry for China's economic development and
electricity demand till 2050: simulation supported by
intelligent laboratory for economy-energy-electricity-
environment[M]. Beijing: China Electric Power Press,
2011: 3-4.

FRIE. B HE R AR M. dbat: o FE L AR
#t, 2010.

LIU Zhen-ya. Smart grid knowledge reader[M]. Beijing:
China Electric Power Press, 2010.

N, B, B M ARGERE IS AW
HEZL[D]. M5 R 38, 2014, 34(10): 50-55

Al Qian, HE Xing, YU Zhi-wen. Concept and research
framework of aggregation theory for power system[J].
Low Voltage Apparatus, 2014, 34(10): 50-55.

HE X, AI Q, YUAN P, et al. The research on coordinated
operation and cluster management for multi-microgrids
[C] // Proc of Sustainable Power Generation and Supply,
Hangzhou, Aug, 2012: 1-3.

rer . AR, BRI, 2014(3): 220-223.
GAO Yang. Analysis of the wind farm power output[J].
Science & Technology Information, 2014(3): 220-223.

TRl PROBTT U U7 S5 R S g /N K 5 B

TR RD]. BHEANEE, 2013(22): 146-147
[(21] HgAfh, 2208, X8, = AR AR JRe PR o3 A
[0]. " E BN CFEAR, 2014, 34(7): 1003-1012.

MEI Sheng-wei, GONG Yuan, LIU Feng. The evolution
model of three-generation power systems and characteristic
analysis[J]. Proceedings of the CSEE, 2014, 34(7):
1003-1012.

[22] HUE W K4 I3E, H LR SO, A15UT %M
8 . Abat: I AL, 2008.

[23] QIU R, WICKS M. Cognitive networked sensing and big
data[M]. Springer, 2013.

UrFS HEE: 2014-06-19;
YEZ AT

R4 (1986-), F, d@fsEH, HEArRA, B
RAEAENE% B K. e W REKY; E-mail
hexing_hx@]126.com

OF 969, F, Wi, I, TEHATAND
BAE ALFRAEEHRLETHEA. & RGO EAE.
G AR

HEFL(1987-), F, HEHRL, TEMRFTEOHA
IHRAERHZATOEA. REIE.

{&E HHF: 2014-07-25



