International Academic Publishers




CPSPP 97

PREPRINT

"IFAC/CIGRE Symposium
on Control of Power Systems
and Power Plants

August 18-21, 1997
Beijing, China

L LR

Sponsored by IFAC Technical Committee on “Power Plants Po Systems”

Co-Sponsored by CIGRE Study Committee 39 (Powef System atic#&»d @trol)

. CIGRE Study Committee 38 (Powe AliiSiind i

Organized by Chinese Society for Electrical Engineering
‘ Chinese Association of Automation
CIGRE China National Committee

Edited by Electric Power Research Institute, China

International Academic Publishers’




BIBERSH ( CIP ) $i

) R Pk - RBRE ) BYcRd )
IR RUEABERIR B AL FREREMK
3, 1997.8

ISBN 7-80003-395-3

Leg... ILE ... ILO# J))HZYk-FIFE - CUR-K
X O WA H-RRE - OR-K 3 1V.TM7-53

R A P 154 CIP JUAKF (97) 55 10098 ¥

Published and Distributed by
International Academic Publishers
137 Chaonei Dajie, Beijing 100010
The People's Republic of China

Copyright ® 1997 by Intemnational Academic Publishers

The book has been photographically reproduced from the best available copy. The papers were not
refereed but were reviewed for their technical contents. Editing was restricted to matters of format,

general orgamzatlon and retyping.

The editors assume no responsibility for the accuracy, completeness or usefulness of the information
disclosed in this volume. Unauthorized use might infringe on privately owned patents of publication
right. Please contact the individual authors for permission to reprint or otherwise use information

from their papers.

First edition 1997

)

Edited by
Electric Power Research Institute, China

IFAC/CIGRE Symposium on Control of Power Systems and Power Plants

ISBN 7-80003-395-3/TM*5



CONTENTS

Keynote Speech
The Electric Power System in China: Rapnd Dcvelopment Calls for Advanced Technologies

Wang Pingyang
New Control Stratcg:cs for Utilizing Power System Network More Effectively
New Technical Solutions for the Control Centre

Paul van Son

Panel 1 Experiences and Counter-Measures to Prevent Power System Blackouts
Thailand Blackout and Its Preventive Measures
Kraisi Karnasuta
Experiences and Counter-Measures to Prevent Power System Blackouts Caused by Frlequency or Voltage
Collapse
Pua Shien Tick, Charanjit Singh Gill
Managing Prevention of Large System Disturbances
Paul van Son “eee vee aee oo see sen sen
North American Western System Ontags of July 2nd and Angust 10th, 1996: Issues and Technical Solutions
To Prevent Large Interruptions in a Longitudinal Interconnected Power Systems

Panel2 New Techinologies for DMS/DA
New Techhology of DA/DMS
Eng Kiat Chan
Critical Issues in Dlsmbutmn Management Systems Dwgn
R. Hoffman tee nue vue os eve een men men wes e e ne
The Systematic Development of a Distribution Automation/Management System
Distribution Automation System: Implementaﬂon & Operation Priorities
Spero Mensah vee eae tee nen aat wes wes ven s

Panel 3 Control of Large Hydro Power Plants
Implementation of Computer Control in Large Hydro Power Plants
Communication in Hydro Power Plants
Control Systems of Hydropower Stations in China

Teng Xiaoyu, Guo Maogi
Panel 4 Power System Emergency Control

On-Line Dynamic Secunty Assessment at BC Hydro
P. Kundur e oen cen cee ven sae sas ous ses sae aus

il 1 B

22

34

35

38

40

42

45

47

48

50

51

52

56



A Method for Real-Time Transient Stability Emergency Control
Y. Zhang, L. Wehenkel, M. Pavella -
On-Line Modeling for Emergency Control Systems
Yasuhiro Kojima, Hisao Taoka, Hideharu Oshida, Tadahiro Goda
On-Line Transient Stability Assessment with EEAC
" Defense Plans: Economic Solutions for lmprovmg the Security of Power Systems
M.P. Howry, O. Faucon vee vee vae st ee ees cee con ves e e ae
Computation of Generation Rejection in On-Line Dynamic Security Assessment Using a New Hybrid
Method ’
Kwok W. Cheung

Session 01 Var/Voitage Control
Static Var Generators with GTOs for Innovative Windfarm Operation
K. Bergmann, K. Renz, F.Schettler, H. Tyll, K. Sobrink
The Problems of Transformer Automatic Control for Voltage Levels and Reactive Power Flow Regulation
in Electrical Power System
Zbigniew Szczerba, Andrzej Siodelski, Artur Grzenkowicz
Highly Decentralized Solulwn of the Seoondary Voltage Control Problem

Session 02 Excitation Coatrol

Excitation Supplementary Control Tuning Using Genetic Algorithms
C.S. Chang, Fushuan Wen, J.B.X. Devotta R

Nonlinear Optimal Excitation Control of Dual-Excited Synchronous Generators
Huang Jian, Tu Guangyu, Chen Deshu SRR

Nonlinear H- Excitation Control
D. Proske, SunY.Z., LiXiong, LuQiang

Session 03 System Oscillation Problems & Control
Control of Power System Oscillations
J. Paserba
New Frequency and Power Oscillations in the Enlarged Westeuropean Interconnected Network Reasons
and Counter Measures
HW. Weber
Input-Outpu! Participation Factors and Their Application in PSS-Based Stabilizing Problems

Session 04 Optimal Dispatch (1)
Maintaining a Predefined Power Supply Reliability Level at Minimized System Fuel Costs
F Hoe.,e X l" E um’. H K.ene" © 6ea cae 4t sen vae ses 2ss con sen sre ses see

Another Discussion of the New Algorithm of Dynamic Oplm\al Dlspatch Accumulation Variable Method

Han Xueshan, Pan Zhengkui, Liu Zhuo

Optimization Strategy for Analysis of Power System Problems
Xianzhang Lei, Dusan Povh ~ -

58

59

60

- .65

66

67

73

80

86

92

98

104

113

120

126
132

139



Session 05 Optimal Dispatch (2)
Optimal Secure and Economical Dispatching by Using Off-Line Neural Networks
D. Menniti, C. Picardi, N. Sorrentino, A. Testa ees s en eenes e e s
Novel Algorithms on Economic Dispatch with Integrating Type Constraint
Qing Xia, Y.H.Song, Zhang Boming, Kang Chongging, Xiang Niande
Practical Evaluation of Operational Topology Optimization for Loss Reduction in High Voltage Grids
Wolfgang Fritz, H.J. Haubrich it et ee eee ee ves ses sae ses aee wen as sve ses ses aws was see sen ses sse see sue aran
A Practical Algorithm for Dynamic Optimal Dispatch
Pan Yi, Liu Zhuo, Yu Erkeng, Liu Guangyi

Session 06 Power Plant Control (1)
Optimization of Boiler Control for Improvement of Load Following Capabilities of Existing Power Plants
Jan H. Mortensen, Tommy Molbak, Tom S. Pedersen B R we s e
Fuzzy Model Based Control of Steam Generation in Drum-Boiler Power Plant
C.M. Cheng, N.W. Rees .o
Adaptive Decoupling Control for the Deaerator Process in Thermal Power Plants
Lu Huiming, Song Chunping, Yang Zhiyuan, Luo Yi, Zhang Zhaoliang, Hou Yunhao
Computerized Water Level Control System for System Generator of Qinshan Nuclear Power Plant
Lang Wenpeng, Khaleeq M. Tahir, He David Guosen, 'Zhao Weiging

Session 07 Power Plant Control (2)

Advanced Control of Superheater Steam Temperatures — An Evaluation Based on Practical Applications
Tommy Molbak

Advanced Control Algorithms for Steam Temperature Control in Fossil Power Plants
Al Sanchez-Lopez, G. Arroyo-Figueroa, A. Villavicencio .

The Application of EDPF-3000™ Integrated Distributed Intelligent Control System in Power Plant

Monitoring & Control

Ren Lixin, Li Xiwu, Peng Yimin, Wang Pingyang

Session 08 Power Plant Control (3)
Synthesis of Advanced Mill Control
P.A. O'Kelly
Fuzzy Control of Ball Mill for Pulverizing System of Thermal Power Plant
Cai Jun, Li Zunji, Wang Pingyang
Scheduling Control of Deaerator Plant
CX. Lu, RD. Bell, N.W.Rees
The Problems and Countermeasures in Process for Im, 7ing Automatic Level of Large Capacity Thermal
Power Station
Zheng Jianping

Session 09 FACTS Application (1)

Study on Prototype Unified Power Flow Controller and Its Coordinated Control
Li Lanyin, Li Xiaoyan, Lowu Zuo, Chen Shousun, Zhang Baolin

Load Flow Calculation for Flexible AC Transmission Systems
Chen Liyi, Pu Tianjiao, Li Linchuan, Dong Lei, Kang Xi

145

151

157

164

169

175

182

186

192

198

204

208

214

219

226

231

237



Analysis of Power Flow Control Based on Flexible AC Transmission Systems
Xu Yan, Li Naihu, Wang Haifeng, Chen Heng e et eee see s eee see sen

Session 10 FACTS Applicatioa (2)

Transient Stability Improvement of Multi-Machine Power Systems Using On-Line Fuzzy Control of SMES

S.M. Sadeghzadeh, M. Ehsan, N. Hadj Said, R. Feuillet

Power Electronic Equipment for Increasing Capability of Transmission Links in Interconnected Power

Systems
Xianzhang Lei, Edwin Lerch, Dusan Povh, Klaus Renz
Influence from Angle Control on the Dynanuc Behaviour of Power Syslems

Power Approach for Harmonic Analysis of Power Systems lncludmg Thynstor Controlled Reactors

L.G. Manescu, R. Feuillet, J.C. Sabonnadiere

Session 11 FACTS Application (3)
DPLFS (Digital Phase Locked Frequency Synthesizer) Used in the Individual Phase Voltage Control
of +300 kVar ASVG
Wang Qiang, Shen Dong, Wang Zhonghong, Zhu Qingxiang, Li X iangrong
The Auto-Disturbances Rejection Control of TCSC :
Zhang Cai, ZhouX:aoxm JRIETRELRES
Analysis of the Yimin-Fengtun 500kV TCSC on the Northeast China Power System
Liang Jun, Guo Jianbo, Zhow Xiaoxin set ven bee ae cn ces sue won ven ue ses mee sue een
Sensitivity Based Determination of Suitable Locations for Controlled Series Compensation for
Enhancement of Steady State Stability in a Large Power Systcm
Sujatha Subhash, B.N. Sarkar, K.R. Padiyar e e
A New Cascade Multilevel Voltage Source Inverter for High Power Apphcauon of FACTS
Wan-Ki M", Jae-Ho Cho, Yeo"g.Hm Kim eoe oo sen ans 4o bee tee nue sen ses nen aee n

Session 12 Voltage Stability
Integrated Approach to Developing Effective Control Strategies for Power System Voltage Stability
Enhancement
HB. Wan, Y.H. Song, A.O.Ekwue, DTY. Cheng
A Novel Simplified Approach to Estimate a Closest Voltage Collapse Margin
Cheng Haozhong, Chen Zhangchao, Naoto Yorino e e
Static Voltage Stability Analysis with Excitation Limitation of Generators
St;ng Zhidong, Bao Lixin, Ma Zenglu, Yang Changneng, Duan Xianzhong, He Yangzan

Session 13  Network Analysis
Structural Identification of Slatxc-Secunty Assessment Problems Usmg Sclf-Orgamzmg Maps

C.S. Chang e e e e RO

. Dynamic Load Modeling Principles and Feedback Neural Network Model

Zhang Jian, He Renmu, Han Minxiao et e e e e e e

Studies on the Possibility of Applying Artificial Neural Networks to Estimate Real Time Operation
Parameters of Power Systems
Shen Chen, Sun Yuanzhang, Lu Qiang

._.vi_

241

247

253

259

264

272

278

283

289

295

301

308

34

322

328

334



‘A New Method for Static Load Modeling Based on the Normal Operating Data and the Correlation
Analysis Theory
Zhang Jian, He Renmu, Li Xinran, Han Minxiao
Application of Two Modified Fast Fourier Transform Algorithms in Power System Harmonic Analysis
Li Gengyin, Chen Zhiye, Yang Yihan

Session 14 Hydro Power Plant Control
Modelling and Identification for River Control

B. Sohlberg, M. Semfalt, P-A Good, K. Ostlund
Neural Network Based Water Inflow Forecasting

" R.Golob, T. Stokelj, D.Grgic
Power Frequency Control of a Pump Turbine as an Example for the Operation with Adjustable Speed
of Hydraulic Machines

T. Harbort, G. Lein, E. Goede
Daily Optimal Operation of Cascaded Hydropowcr Plants Using Neural Networks

Zhu Min, Wang Dingyi

Session 15 System Simulators
Engincering Simulators for Fossil Power Plant
P. Neuman
A New and Powerful Real Time Digital Transicnt Network Analyser
0. Devaux, L. Levacher, (. Huet
Special  Features of the Operator Training Simulator for Coal-Fired Power Plant
Xie Yuanchao ‘ e
A Dispatcher Training Simulator for ECPCC
Yao Jianguo, Wang Yuanlin, Wang Like

Session 16 Power System Stabilizers
Power System Stabilizer Design Based on Structured Singular Values
T.C. Yang, ZhangJ.H.
Neural Network SVS Gain Scheduling for Improving Power Syslcms Stability
C.S. Chang, Shaohua Tan, (i Chen
Robust Generator Control with Constrained Control Design
 Alireza Sanai Sabzevary Shinichi Iwamoto
Studics.on a New Kind of Fuzzy Power System Stabilizer
Li Baohua, Wang Pingyang, Liu Zenghuang, Zhao Hongguang

Session 17  State Estimation

Paramecter Estimation with Interacting Bad Data in State Estimation
Chun-Ling Yang, Shinta Fukwi

An Approach to Single- or Multi-Topology Error Idcntification
Suquan Zhou

SCADA-Oricnted State Estimation
Gi. BeiBler, H.-T. Neisius, G. Schellstede. | Slutsker, M. Mirhevdar

- \'ii -

339

345

350

356

361

368

375

384

390

395

400

406

412

418

427

433

440



Session 18 DMS/DA

A Fuzzy Set Algorithm for Three-Phase Distribution Network Reconfiguration
Whei-Min Lin, Hong-Chan Chin e et e e e es en eae on eue en ot nn eae tan aen e e

A Method for Dealing with Multiple PV-Buses in Power Flow Study of Future Distribution Systems
Zheng Yan, Koichi Nara, Zhou Hongyu

Optimization of Large Scale Distribution Systems in Normal and Emergency State for Real Time Application

B. Gotzig, N. Hadjsaid, R.Jeannot, R. Feuillet

IN-PACT: A Pragmatic Approach Leading to a Smooth Transition for a New Architecture for Distribution

Control Centers
Eric Lambert, Andre Maizener

Session 19 Power Plant Modeling

Modelling Boiler Response to Co-Ordinate Reserve in Isolated Power Systems
Meadhbh Flynn, Mark J. O'Malley, David Timoney R

Modelling the Fuel Consumption in a CHP Plant
H. Zhao, P. von Heiroth, J. Holst, L. Arvastson

Analysis of Coal Mill Dynamic Characteristics under Normal and Abnormal Operating Conditions
G.Q. Fan, N.W.Rees, D. Parker C e e e e e e e e e e e e e s o

Session 20 Preventive and Emergency Control

New Autonomous Load-Shedding Scheme Based on Local Information
Goro Fujita, Ryuichi Yokoyama, Shigeru Takeuchi, Goro Shirai

Corrective Generation Rescheduling Based on Neural Network for Preventive Control
H. Saitoh, M.R. Aghamohammadi, J. Toyoda

A Probabilistic Approach to the Design of Power System Protection Schemes Against Blackouts
L. Wehenkel, C. Lebrevelec, M. Trotignon, J. Batut

Enhancement of Electric Power System Transient Stability by Changing Network Configuration
Li Weidong, Yu Jilai, Song Jiahua, Liu Zhou

Session 21  Fault Diagnosis

Fault Section Estimation in Power Systcms Based on a Protection System Simulator and a Hybrid GA/SA

Approach
C.S. Chang, Wen Fushuan, Wei Wang
Austral, a Multi-Platform System for Alarm Processing and Decision Support System for Distribution
Network Operation
Jean-Paul Krivine, - Olivier Jehl
Investigation of the Effect of Series Compensation on Fault Location for EHV Transmission Lines
M. Al-Dabbagh, L. Al-Dabbagh, K.R. Aggarwal, A.T. Johns
A Modcl- and Rule-Based Intelligent Alarm Processing System
Chen Jingcheng, Wang Pingyang, Fu Shuti, Wang Mingjun, Yu Erkeng. Chen Kaivong,
Zeng Zhaogi, Hu Xiang SRIRE
D
Session 22 SCADA/EMS
Operational Experience of AGC and Suggestions for the Coming Regional Interconnections in China

Lei Xiaomeng, Ban Zixun

- v~

446

452

460

466

475

481

487

494

500

506

519

525

531

536

541



GPS Application for Synchronous Monitoring System at Multiple Location
T. Goto, Y.Sato, O. Takahashi, T.Shirasaki, J. Toyoda, H. Saitoh, F. Naito
Mutual Backup between SCADA Systems in Hokkaido Electric Power Company
T. Tsuruma, T. Tatekowji, Y. Kudo, T.Inoue
Effective Short-Term Grid Analysis for EDF's National Control Centre
G. Nerin, F. Caraman, P. Tournebise, P.Jeannin, J.Y. Bowrmaud, P. Pruvot
The Comprehensive Dispatch Automation Project of Beijing Power System and the Integrated EMS
SD-6000E
JinZ, LinJ., Wang?l., LuX., MaoS., ShuB., ZhaoG.

Session 23 Operation Planning
A Neural Network Model for Predicting System Margmal Price in the UK Power Pool
Bruce Ramsay, A.J. Wang
Adaptive-Network-Based Fuzzy Inference System for Short Term Load Forecasting
ZHang Xi@oping  ++% -+ wvs ves ses ses s wos con son ses s s e v
Artificial Neural Network for Ultrashort-Term Load Forecasting
Wang Feng, Yu Erkeng, Dong Bo, Liu Xiao
Unit Commitment for a Power System with Pumped Storage Units
Michael P. Walsh, Mark J. O'Malley RS
Hydro-Thermal System Transaction Analysis
Bai Xiaomin, S.M. Shahidehpour, Yu Erkeng, Zhong Jin, ZhangYi

Session 24  Experiences and Prospects of Dynamic Security Analysis
New Trends and Requirements for Dynamic Security Assessment
B. Meyer, G. Nativel v e e e e s ven e e
A New Tool for Dynamic Security Assessment of Power Systems
XueY., YuY., LiJ, GaoZ., DingC., XueF., L.Wang, GK. Morison, P.Kundur
Implementation of On-Line Dynamic Security Assessment Program for Central China Power System
Fu Shuti, Chen Jianlin, Hu Jiaxiao, Zhao Zunlian, Dong Po, Duan Daxi, Liu Xiao
An On-Line Dynamic Security Assessment Implementation
C. Jing, G.C.Ejebe, J.G. Waight, G. Pieper, F.Jamshidian, P.Hirsch
A Hybrid Method for Transient Stability Analysis
Chen Hong, XuJing, Shan Yuanda
On-Line Dynamic Security Assessment at BC Hydro

Session 25 Advanced Power Plant Control Considering Power System Requirements
Improved Maneuverability of Power Plants for Better Grid Stability and Economic Dispatch
Gerhard K. Lausterer et et ree een eee aen aes e ee sas san eae ses ses eee ae sue s
Power Plant Dynamics Simulations Considering Interaction with Power System
Tatsumi Ichikawa e vt vee ser eae ses see een ee eee ses bes se vae mes ee sen
Advanced Power Plant Control for Large Load Chang&s and Disturbances
N.W. Rees te ees he et bes ae een ses sbe ses ve ae s

_ix_.

546

552

557

563

569

575

582

586

592

598

604

610

616

622

627

629

635

641



Session 26 Power System Emergency Control
Practically Negative Effects of Emergency Controls
Computatmn of Generation Rejection in On-Line Dynamic Security Assessment Using a New Hybrid
Method
Defense Plans: Economic Solutions for Improvmg the Security of Power Systems
M.P. Howry, O. Faucon e 4oe esa v sue eun beu ae sas bes e ses aen vue vos aee
On-Line Modeling for Emergency Control Systems
Yasuhiro Kojima, Hisao Taoka, Hideharu Oshida, Tadahiro Goda
A Method for Real-Time Transient Stability Emergency Control
Y. Zhang, L. Wehenkel, M. Pavella
Techniques for Emergency Control of Power Systems and Their Implementation

Session 27 Intelligent System Applications in Power Systems
Hybrid Adaptive Nearest Neighbor Approaches to Dynamic Security Assessment
Isabelle Houben, Louis Wehenkel, Mania Pavella R Ry
Intelligent Engineering and Its Applications in Power Engineering in China
Hx Zhaoguang, Wang Pingyang e e o et e e

Delayed Papers
Software Infrastructure for Decentralized Power System Operatmn

Control of Large Hydro Power Plants

TE D);.Liaceo‘ Cos wes es ee uee se et s nee so;. s MAT tme ths ted et eul eus see the eee vae eat eus tee aue ses see see see on sen ees sen ovn

Unified Power Flow Controller Impact on the Rélays in a Power System
X. Lombard, P.G. Therond, A. Giard, S. Vitet .

Overview of Intelligent Systems Applications in Power Systems
A. Germond, D. Niebur, C.-C. Liu, H. Dijk

Trends in Open System Technology for Power System Momlonng and Control
T.E. Dy-Liacco cee e e s e e e s e

System Operation in an Energy Market Enwronment
E. Handschin

Authors Index

649

655

661

667

673

679

685

691

697

698

699

705

711

712

713



THE ELECTRIC POWER SYSTEM IN CHINA:
RAPID DEVELOPMENT CALLS FOR ADVANCED TECHNOLOGIES

Ping-Yang Wang

Electric Power Research Institute
Qinghe, Beijing 100085, China

Abstract: Rapid growth of electric power systems in China and the prospects of future
development up to year 2010 are briefly reviewed. The rapid growth brings about problems to be
resolved by advanced technologies in the fields of electric power generation, power system and
power plant control, power system technology, the socialistic electricity market competition. They

are outlined in this paper.

Keywords: Growth of electric power, Advanced technologies, Power generation, Power system,
Power market, Power generation control, Power system control

1. INTRODUCTION

Since the founding of the People’s Republic of China
in 1949, the total generating capacity increased from
1.85 GW to 65.87 GW in year 1980, averaging 2.13
GW/yr, and to 102.90 GW in year 1987, averaging
5.29 GW/r. The funding was solely vertically
appropriated from State allocation. The gap between
the requirement and appropriation became larger
and larger. Electricity shortage became more and
more acute as the national economy grew faster and
faster under the policy of opening to the outside
world. This made the first big restructuring of the
electricity enterprise very necessary, in the funding
of capital construction of electric power generation.
Local investment was welcome and foreign
investment was invited with favorable policies and
regylations. Beginning from 1988 and onward the
development of annual addition of generating
capacity exceeded 10 GW and the total installed
capacity reached 102.90 GW. In year 1995, the total
capacity of 217.22 GW and annual generation of
1006.9 TWh was attained. The rapid increase of
electric power generation effectively supported the
national economic progress. Power shortage has
been greatly lessened, consumers service improved,

and the growth of electric power industry has now
been standing on its own footing.

The lion's share of the load has been taken by the
thermal power in spite of the fact that hydropower
resources in China is abundant. Of course, capital
construction funding was the prime problem. We
will provide in various ways, preferred policies to
encourage priority development of hydropower in the
coming Five-year Plans, the present 9th-Five (1995-
2000) and the next 10th-Five (2001-2005).

At the end of this century, the total installed capacity
will be about 300 GW, in which hydroelectric will be
69.02 GW, thermal 228.91 GW, nuclear 2.1 GW
and annual generation will be about 1400 TWh. At
the end of the 12th-Five (year 2010), the total
installed capacity is estimated to be 553 GW, the
hydroelectric will come up to 125 GW, its share will
be 22.6%, somewhat higher than the previous
proportion as the huge Three Gorges Project will
fully be in commission. The thermal power will still
take the main share, and the nuclear power will only
be about 20 GW.

The greatest restructure and deregulation will take



place in the power system from the National
Dispatching to the network of the end-users. The
electricity consumption structure has already been
changing towards the consumers’ market. The share
of the industrial consumption is decreasing from
81% in 1987 to 75.3% in 1994 while the share of
residential consumption is increasing from 5.5% to
9.7%. The policy and strategy of the State will
further speed up the process of forming the
socialistic market economy. The National Electric
Power General Corporation was inaugurated on
January 26, 1997 and the purpose is to offer better
service to the consumers at higher quality, better
reliability and to extend supply of electricity to all
households which have not yet access to electricity.
The target of power development in year 2000 is 300
GW with annual generation 1400 TWh, and in year
2010 is 500 GW with 2500 TWh annual generation.

With the mammoth Three Gorges Project, 18 GW
capacity, likely to be completely in commission
during this period, a unified interconnected nation-
wide power system will be formed. The problems of
such a large-sized power system covering such a big
geographical area with diversified composition of
generation and consumption units is worth study by
the entrepreneurs engineers (trail-blazers).

In connection with the rapid growth of the Chinese
power systems, there are many technical problems to
be studied and resolved by contemporary scientists
and engineers. They are briefly outlined in the
following sections. We will start with generation
problems in the next section and then on power
system and power plant control problems, and
advanced power system technologies. Finally the
electric power market competition problems and our
policies will be touched upon.

2. GENERATION TECHNOLOGY

The greater part of power generation in China has
relied upon thermal generation, as was noticed in
table 2, and among the thermal generation, coal-
fired generation is and will be the dominating supply.
(Table 3) Not only the required 794 million tons of
coal per year will be a heavy burden on the coal
industry and the transportation, but also the emission
of particles , CO,, sulphur and NO, and the ash
discharge will be the serious environmental
problems.  Evidently, increasing  generation
efficiency will reduce the total amount of fuel
required and environmental protection will be
another problem of paramount importance. As the
fast growth will-double the capacity in less than 10
years, in new additions, the advanced technologies
that will be implemented will help greatly improving
the situation. Of course, renovation and

rehabilitation are also necessary.

The global average of unit coal consumption for
power plants is 412 g/kW. For year 2000, the net
coal consumption for power generation is expected
to be 380/kWh. Measures to be taken are: to install
large turbo-generator sets of 300 Or 600 MW
subcritical and supercritical units demonstration
plant of domestic make will be in operation in year
2000. Development of 1000 MW supercritical unit
will be placed on agenda. To actively develop 600
aircooled units for most of the coal abundant
regions, where water is scarce. To develop 300 MW
co-generation units for metropolitan cities in the
north where district heating is necessary. At the end
of 1994, the national percentage of district heating
supply (by co-generation) was 9.26%. In year 2000 it
is expected to increase to 12-13%, an increase of 15
GW (2.5 GW annually) in years from 1994 to 2000.

Environmental protection is a basic policy in
China. On Aug. 29, 1995 the newly revised "Law for
the prevention and mitigation of atmospheric
pollution in the People's Republic of China"
(Atmospheric Law) was published, including SO,
and NO, mitigation and clean combustion emission.
The coal-fired power plants are classified into 3
categories: (1) Thermal power plants built or
applications reviewed and approved for construction
before Aug. 1, 1992. (2) Thermal power plants built
or applications reviewed and approved for
construction during Aug. 1, 1992 to Dec. 31 1996 (3)
Constructions on or after Jan. 1, 1997.

We are placing great emphasis on clean combustion
technology: CFBC, IGCC, and PFBC-CC. China
claims to have the greatest number of small AFBC
(Atmospheric-pressure Fluidized Bed Combustion)
boilers in the world. On this basis, the development
of CFBC (Circulation Fluidized Bed Combustion)
technology started recently, with output of 20 t/h,
35th, 75U, to the 220 tv/h in 1990. At present, the
number of 220 t/h boilers (to supply 50 MW turbine-
generator) under construction is over 10 sets. An
imported 100 MW unit with CFBC was put into
operation in the first half of 1996. They are good for
coal with high sulphur and ash content, low volatile
matter and low fusion temperature for ash. A batch
of medium capacity CFBC boilers (220 t/h and 410
t/h) mainly for retrofitting the medium and small old
power plants and co-generating plants. The CFBC
boiler of larger sizes to supply 200-300 MW units is
being developed through international cooperation.

Cooperative research work is under way to select the
technical approach most suitable for the
development- of IGCC (Integrated Gassification
Combined Cycle). A feasibility study is being made
on retrofitting an oil-fired combined cycle unit into

2_.



an IGCC,unit of the 100 MW class.

A PFBC-CC pilot station of 15 MW was set in Jia-
Wang power plant in Xu-zhou, Jiangsu province. An
original 12 MW steam turbogenerator plus the PFBC
(Pressurized Fluidized Bed Combustion) and a 3
MW gas turbine were set up. A 100 MW PFBC-CC
test unit is being planned to be built as a pilot test
unit. The aim is to set up a unit of 300 MW and
larger, having thermal efficiency close to that of
IGCC unit. Possibly the technology will be matured
around 2010.

Natural gas is a good clean fuel for power generation.
It is being produced in large quantities in oil fields
in the northwest. Plans are in progress also to import
it from Russia.

Hydropower is an excellent clean and renewable
energy resources. Besides the giant Three Gorges
Project of 18.2 GW mentioned above, there are quite
several large hydroelectric projects of GW-size, such
as Lijiaxia project (2 GW ) on the upper reach of the

Yellow river in Qinghai province, Tianshenggiao-1

project (1.2 GW) on the Nanpan river in Guangxi
Autonomous Region, Ertan project (3.3 GW)on the
Yalong river in Sichuan province, and Xiaowan
project (4.2 GW) in Yunnan province, Gubitan
project (2.0 GW ) in Guizhou province, Longtan
project (5 GW ) in Guangxi Autonomous Region,
Laxiwa (3.72 GW) in Qinghai province, Pubugou
(3.3 GW) in Sichuan province and Gongboxia
project (1.5 GW) in Qinghai province and other
hydroelectric projects totaling 49.7 GW (including
Three Gorges ).

Pumped storage hydroelectric power plants are now
very important not only for peaking functions to
support thermal and especially nuclear generation
but also for emergency dispatching. Guangzhou
pumped storage project (2.4 GW) on the Liuxi piver
near Guangzhou and Tianhuangping pumped
storage project (1.8 GW) on the Daxi river in
Zhejiang province and Ming Tombs (Shisanling)
pumped storage project (800 MW). They are
important ones, and there are many others.

Mini-hydroelectric power plants play an important
role in rural electrification. By the end of 1994, the
aggregated installed capacity of medium and mini-
hydroelectric power projects was about 7.5 GW.

As clean power production is highly preferred
nowadays, wind power, solar power and geothermal
power receive much attention for development
especially in connection with poverty alleviation
program in harsh regions. China is abundant in
wind resources. About two-thirds of its territorial
surface are wind prevalent zones. The nation wide

exploitable and utilizable wind power resources is
estimated to be 253 GW. By the end of 1994, more
than one million sets of micro type household wind
power generator, totaling 20 MW in capacity were
installed. The production of such type of wind power
generators reached 30,000 sets/year. 18 wind power
farms, including wind/diesel and wind/solar and
those connected to power systems add up a total
capacity of 30.36 MW. The largest one is the
Dabancheng wind power "farm in Xinjiang
Autonomous Region, with an installed capacity of
10.7 MW. The largest single wind power generator
is of 500 kW, with an annual average utilization of
3200-3400 hours.

China is also abundant in solar power. Over two-
thirds of China’s territory has annual sunshine hours
of more than 2000. The total amount of annual solar
radiation energy is about 930-2330 kWh/sq.m per
year and the distribution profile is higher in the
western plateau. Solar photocell has been widely
used in railway, transportation, communication,
broadcast, television, meteorology, agriculture and
especially in supplying the household electricity for
peasants, herdsmen and fishermen in remote regions
and on islands. At the end of 1994, 5 MW of solar
photocells were installed and in use, and 14
photocell stations were built, among which, 4 were
in Tibet.

The major exploitable and utilizable geothermal
resources in China are high temperature geothermal
resources, mainly in South Tibet and West Yunnan,
In Yangbajing High Temperature Geothermal Power
Plant, Tibet, the first 1000 kW generating unit was
put into operation in 1977. At the end of 1992 the -
total capacity of this plant reached 25.18 MW, The
Napu double cycle geothermal demonstration power
plant with a capacity of 1000 kW has been put into
operation, funded by the United Nations. At the end
of 1994 the total installed capacity of the geothermal
power plants throughout the country was 30.4 MW.

Nuclear power is much needed in coastal areas,
where energy resources are not adequate, so that the
energy policy encourages appropriately supplemen-
ting nuclear power to the speeding up of the
development of thermal and hydro power. The
construction and stable operation of two nuclear
power plants achieved success and massive
engineering works of extension to these plants and
other nuclear projects are under way. The Qinshan
Nuclear Power Station Phase 1 with an installed
capacity of 300 MW is the first industrial
demonstrative pressurized water reactor nuclear
power plant designed and constructed by domestic
technical forces. This plant comhenced its
construction in December 1991, and went into
commercial operation since April 1, 1994. It passed



through a long period of trial operation. The Daya
Bay Nuclear Power Project of Guangdong Province
( 2 x 900 MWe PWR units ) was jointly invested and
constructed by Guangdong Nuclear Power
Investment Co. Ltd. and China Light and Power
Company, Hong Kong. The construction started in
August 1987, completed and in full commercial
operation in May 1994. The Qinshan Nuclear Power
Project Phase II consisting of 2 x 600 MWe PWR
units is invested jointly by the central and local
governments. This project is based mainly on
domestic resources, and strives for international
cooperation. It means that we will be responsible for
engineering, manufacturing, construction and
operation of the project and seek foreign consultation
and procure some critical equipment abroad.
Following the historical breakthrough of nuclear
power construction during the 8th Five-year Plan
period, which is symbolized by the completion and
stable operation of both Qinshan and Daya Bay
nuclear power plants, in 1995, the Qinshan NPP
generated 2.2 TWh electricity with a load factor of
84% and the Daya Bay NPP 10 TWh, and the
government has planned to deploy more nuclear
power and associated auxiliary projects in the 9th
Five-year Plan period. It is preliminary planned to
construct 4 nuclear power projects with 8 reactors
and a total capacity of 6.6 GW to be deployed.

3. TECHNIQUES FOR POWER SYSTEM
AND POWER PLANT CONTROL

The technique of power system and power plant
control started from scratch in the early 1960's with
domestic make ‘bare computer' (no software
whatsoever). Groups of valuable computer
application pioneers were trained in this hard way.

Since 1987, power system control applications
advanced remarkably and achieved outstanding
results. In 1987 there were 60 computerized
monitoring systems and 1200 sets of telemechanical
devices , mostly domestic make, in operation. They
earned much experiences, but the control is
practically unsatisfactory. Taking the lead, the four

big interprovincial power pools, the Northeast, North,

East, and Central China power pools, closely
followed by the Northwest power pool  were
equipped with modermn, 1980's computerized
monitoring hardware and software system. Some
provincial systems quickly followed suit, such as
Shandong, Yunnan, Guangdong, Hunan etc. At
present, there are more than 700 computerized
SCADA systems operating all over the country.
They include the National Dispatching Center, all
five Pool Dispatching Centers and most provincial
dispatching centers. The energy management
systems (EMS) imported for the four big pools with

. provincial and autonomous

technical transfer and relevant training brought
about significant technical advancement and groups
of qualified and experienced Chinese engineers. In
the coming 9th Five-year Plan period (1996-2000), it
is expected that power . system automatic
dispatching in all the pools and about 30 provincial
and autonomous regions, about 250 district power
bureaus and 300-400 county power bureaus will be
in operation. The need of supply of knowledge,
hardware and software is immense, and is advancing
with time.

As there are so many control centers and so many
suppliers of hardware and software, open type
programming is very desirable. Open type object-
oriented software platform is already implemented in
Northeast China. Another system uses a gateway
station to link the existing LAN or the main
computers to the new system. The trend is toward
easy extension and advance.

Power system communication network is the
foundation of remote automatic control and
management. Formerly, power line carrier (PLC)
was most widely used. Since the completion of the
first PCM (Pulse Code Modulation) digital
microwave channel over 1000 km in length in 1979,
several digital microwave trunk channels were built
to a total length of over 33,000 km, accounting for
80% of power system communication channels in
1994. Power system satellite communication
network has grown rapidly in recent years, and the
modernized fiber-optical communication has also
developed rapidly. In recent years, while power
communication network provided vocal and low
speed communication , the construction of DDN
(Digital Data Network) is providing automatic
information exchange between computers of
different speeds and of different types for common
sharing of data resources. The State DDN, CEDnet
is supplied by N.E.T. of U.S. will link the pools with
the National Dispatching as the hub and also all the
regions. Intranet
construction is being considered with a view to using
Internet for wider market information exchange.

The outstanding merit of computerized supervisory
control of power stations is the safeguard of
machines and prevention of failure by early warning
of malfunction. For example, the computer
controlled start and stop of turbine set at Douhe
Thermal Power Plant with monitoring over shaft
stress saved a case of imminent shaft breakdown.
The value of computerized economic operation at
power stations has now been widely recognized by
persons in the power sector as illustrated by many
successful cases.

At present, the computerized monitoring system for
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the thermal power plant can be classified into three
classes: (1) Those built around year 1980 using
mini-corhputer of type HN-3000 (Solar-16) or PDP-
11 for data acquisition only; (2) Those built in the
later part of 1980's either for the domestic 300 MW
units or imported 350 MW units using mini-
computer of the type HN-3000 or PDP-11 assisted by
programmable logic controller (PLC) for specific
functions to carry out Closed Circuit Control (CCS)
or sequential control (SCS); (3) Those built after
1990 with distributed control using separate PC for
specific data acquisition for specific control or
monitoring functions, such as temperature control,
pulverizing mill control, feed water control and
combustion control. The trend is toward integrated,
distributed and intelligent control. In order to meet
the future requirement of submitting generation
bidding of the price and generation for the 24 hours
(perhaps in 48 half-hour periods )of the next day, the
generation plant has to be equipped with the
mechanism and information system of generation
pricing as well as generation control according to
pool market dispatching. Of course, the introduction
of multimedia into the monitoring and control
system is now also under consideration. Dispatcher
training simulator is now widely used and the
technology of multimedia and virtual reality will be
helpful in enhancing its functionality.

4. POWER SYSTEM TECHNOLOGY

To meet the growth of the power system capacity,
the transmission lines have to be greatly
strengthened. As our coal resources are in the north,
and the hydropower resources are in the west, while
the rapid load growth is along the coast in the south
and east, there is the necessity of long-distance
transmission of electric power from north to south
and from west to east. The first problem under
discussion is whether the next higher voltage than
the existing 500 kV should be adopted and when. On
the problem of power output of 18 GW from Three
Gorges Project there were suggestions to use higher
voltage than 500 kV. For development of hydro-
power further upstream in the south-west, the
problem of the next higher voltage is more serious.
In the North-west Power Pool 330 kV started to be
used in the year 1972. At the end of year 1995 the
total length has extended to 5468 km, with 23
substations of aggregated capacity of 8190 MVA,
and has offered satisfactory service to the pool.
However, looking forward to years beyond 2010, not
only the transmission capacity from hydropower in
the further west will need a higher voltage, but also
the short circuit current at 330 kV will be too heavy.
So, the next higher voltage of 750 kV is welcome in
many discussions.

The new technology of Flexible A.C. Transmission
System (FACTS) has received much attention in
China, as a very promising technique for future
application, and some cooperative develop-ment
works are being carried on. Some research institutes
in the Ministry of Electric Power and some
universities are undertaking research work on Static
Var Generator (SVG, in the name of ASVG) and
Unified Power Flow Controller (UPFC), and a
FACTS experimental laboratory has been setup.
There are five sets of static var compensator in
satisfactory operation on the 500 kV Northeast
Power Pool. A set of thyristor controlled series
capacitor (TCSC) is under cooperative construction
and will be installed at the output switchyard of Yi-
ming thermal power plant of Northeast Power Pool.
Adjustable speed a.c. excited generation, non-linear
static excitation system and flexibilized short circuit
limiter are under study. In connection with the stu
on the future retail competition in the electric power
market CUSTOM POWER, a FACTS technology for
the customer level, has received great interest, and
research work will undoubtedly set out before long.
In order to strengthen the existing transmission lines,
particularly the transmission corridors which are
more and more difficult to obtain, it is necessary to
make best use of the limited line route. Much
research work has been expended on the compact-
structured  transmission line whose bundle
conductors have some novel configuration such that
the whole bundle occupies a smaller space, more
compact, resulting in much smaller supporting tower
and smaller natural impedance, that means better
use of the corridor with higher transmission
capability. Two 220 kV test projects were cons-
tructed, the An-Lang line in North China, near
Beijing, and a stretch of the Gongan-Shishou line in
Hubei province. The aim is to obtain experience and
information for the construction of demonstration
projects of 500 kV lines

As networks are interconnected, we are troubled by
low frequency oscillations all over the country.
Generators of various types of fast acting excitation
system on different sides of the tie line cause this
kind of low frequency oscillation due to negative
damping which eventually result in failure of system
stability. Power system stabilizers, commonly called
PSS, are found to be effective means of preventing
such oscillations. A supplementary excitation
properly introduced into the excitation system
provides damping and stabilizes the system. For long
distance transmission lines, transient stability is
mostly the limit of power transfer. Series
compensation has been found to be effective in
enhancing the stability.

Rural electrification, as was mentioned above, is
very important in the Anti-poverty campaign.
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Through more than 40 years of construction, rural
electrification has now reached a preliminary scale.
By the end of 1994 the total capacity of county and
township generating units amounted to 32,090 MW,
generating 98.9 TWh for the year. The installed
capacity of mini-hydroelectric power units amounted
to 15,770 MW, generating 54.3 TWh and small
thermal power units amounted to 8180 MW,
generating 38 TWh and diesel oil generating units
8060 MW, generating, 6.5 TWh and other
renewable power sets 80 MW, generating 0.1 TWh.
This (98.9 TWh) was only a small portion of the
total electricity consumption, 336.0 TWh, of
counties and smaller communities, for the year 1994,
The main portion was supplied by the local power
systems. The main target of rural electrification
towards the end of this century is to enhance the
quality of service by upgrading and renovation of the
rural network and supporting the anti-poverty
program in giving access to electricity to houses in
difficult and harsh places so that electricity will be
available to all houses. By the end of 1994, there
were still 17 counties and approximately 100 million
rural population not yet served with electricity across
the whole country. They are at the difficult
inaccessible locations, on the mountains or in the
desert, or on the islands. Services to these places are
hard nuts to crack, but it is determined to achieve
this final success.

5. ELECTRIC POWER MARKET COMPETITION

As was mentioned in the INTRODUCTION, the first
big restructure in the electric power industry, the
method of funding was very successful. The long
standing power shortage in China has been
alleviated by rapid growth of electric power through
funding from various channels instead of only
vertically through the government. The next big
move will be towards the electric power market,
competitive market of the wholesale level and also of
the retail level. The power system and power plant
control will be revolutionized. The first step
_evidently will be on the wholesale level, where
generating units will bid their electricity selling
price together with available amount of power for ,
say, half-hour period, of the next day. And the
distributors, or retailers, will provide their applica-

tion for demands of the next day. The Dispatcher (or
the Independent System Operator, ISO, the broker)
will design the schedule, and execute it, making on-
line decisions, including his supervision on the
bilateral contract between the direct two-way
transactions. For the existing conditions in China,
possibly only a few power generating units can do
the bidding properly without much experimentation,
not only to their own satisfaction but also acceptable
to the pool and to the consumers. Hence, a simulated
market experiment is very necessary, to find out
problems specific to China, beyond those we learned
from Europe, America. Australia and other places.

The work needs to be done for the retail market is
even more important, as this directly brings the
power suppliers in contact with the end users. All
the pricing and market activities should be
transparent to the consumers, so that the consumers
according to the preferred pricing setup in the
market optimize his electricity consumption which
will automatically implement the demand side
control of the load to the advantage of the pool. This
not only needs novel intelligent metering interface
with the consumer but also a good information
network. It is evident that the market will need a
good information network for control and
management, including  pricing, settlement,
transaction, billing and recording and fast response
and coordinated actions in case of emergency. All
these will be carried out on the information network,
with electronic signals, electronic messages,
electronic mails, electronic records, electronic
documentation and electronic billing and selling
with electronic money. There is vast amount of
challenges and opportunities for scientists and
engineers to offer their wisdom for these future
problems.

But what is most important for the market is
impartiality and fairness of the persons concerned,
not only in pricing acceptable to’ both parties, but
also in all transactions, all must be based on
friendship and cooperation between the parties
concerned. The ISOs must be upright and fair
persons with high moral caliber. Particularly in
emergency, his/her decision might not be the best,
but from the bottom of his/her heart. Ethical culture
is the most important thing for the market.



