
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-3453-8 

5th International Conference on 
Renewable Power Generation 
(RPG 2016) 

London, United Kingdom 
21 – 23 September 2016 

 

IET Conference Publications 694 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2016) by the Institution of Engineering and Technology 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2017) 
  
For permission requests, please contact the Institution of Engineering and Technology 
at the address below. 
  
Institution of Engineering and Technology 
P. O. Box 96 
Stevenage, Hertfordshire 
U.K. SG1 2SD 
 
 
Phone:   01-441-438-767-328-328 
Fax:  01-441-438-767-328-375 
 
www.theiet.org  
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 
 

RISK-BASED TRANSMISSION CAPACITY ALLOCATION AS A MEAN TO INCREASE 
RENEWABLE PENETRATION IN THE BRAZILIAN INTERCONNECTED SYSTEM ........................................... 1

G. L. Susteras, A. C. S. Nogueira, V. F. Cabrera 
 

ASSESSMENT OF THE LAST-IN-FIRST OUT PRINCIPLE OF ACCESS FOR MANAGING THE 
CONNECTION OF DISTRIBUTED WIND GENERATORS .......................................................................................... 8

D. Danzerl, S. Gill, I. Kockar, O. Anaya-Lara 
 

SUSTAINABLE DESIGN AND OPERATION FOR RENEWABLE ENERGYA PV CASE STUDY........................ 14
E. Blakeley, B. Darnell, J. P. Barton, S. J. Watson 

 

HIGH-EFFICIENCY PV INVERTER WITH SIC TECHNOLOGY............................................................................. 20
S. R. Wall, X.-C. Hong, L. Sha, J.-R. Xie 

 

PUTTING THE IET CODE OF PRACTICE FOR GRID CONNECTED SOLAR PHOTOVOLTAIC 
SYSTEMS INTO PRACTICE............................................................................................................................................ 26

C. Coonick, S. Pester 
 

STRING LEVEL OPTIMIZATION ON GRID-TIED SOLAR PV SYSTEMS FOR MINIMIZING 
SOFT SHADING POWER LOSS ...................................................................................................................................... 32

A. S. Rana, H. A. Khan 
 

SOLAR PHOTOVOLTAIC INTEGRATED BUILDING SCALE HYBRID AC/DC MICROGRID ......................... 38
M. Nasir, H. A. Khan 

 

CALCULATING SYSTEM INTEGRATION COSTS OF LOW-CARBON GENERATION 
TECHNOLOGIES IN FUTURE GB ELECTRICITY SYSTEM ................................................................................... 44

M. Aunedi, D. Pudjianto, G. Strbac 
 

USER INTERFACE MODEL FOR MICROGRID SYSTEMS MONITORING: FROM USER 
NEEDS TO DESIGN REQUIREMENTS ......................................................................................................................... 50

S.-C. Chien, M. Fujiyama, T. Ishida, F. Wei, H. Y. Shwe, K. J. Tseng 
 

ADVANCED CONTROL OF A FULLY INTEGRATED RENEWABLE AND CHP HEATED, 
COOLED AND POWERED BUILDING .......................................................................................................................... 56

J. M. Counsell, A.-K. Ameer, M. J. Stewart 
 

PERFORMANCE TESTING AND RELIABILITY OF 2 POLE MAGNETIC LATCHING RELAYS 
FOR SMART METERS...................................................................................................................................................... 62

S. Pandey, A. Garg 
 

EFFECTS OF SPACING IN WAVE ENERGY CONVERTER ARRAYS ON VOLTAGE FLICKER ..................... 67
A. J. Nambiar, D. I. M. Forehand, A. E. Kiprakis, A. R. Wallace 

 

ALL ELECTRIC DRIVE TRAIN FOR WAVE ENERGY POWER TAKE OFF ........................................................ 73
N. J. Baker, M. A. Mueller, M. A. H. Raihan 

 

REVIEW OF MAGNETIC GEAR TECHNOLOGIES AND THEIR APPLICATIONS IN MARINE 
ENERGY .............................................................................................................................................................................. 79

B. McGilton, M. Mueller, A. McDonald 
 

ASSESSMENT OF THERMAL CYCLING IN A RECTIFIER FOR WAVE POWER 
GENERATION .................................................................................................................................................................... 85

A. Baudoin, C. Bostrom, D. Saury 
 

A STUDY INTO COMMERCIAL AND TECHNICAL CONSIDERATIONS FOR THE FUTURE 
USE OF MARINE ENERGY IN NEW ZEALAND ......................................................................................................... 91

S. M. Fleisher 
 

PROVISION OF FREQUENCY SUPPORT BY OFFSHORE WIND FARMS CONNECTED VIA 
HVDC LINKS ...................................................................................................................................................................... 98

A. B. Attya, O. Anaya-Lara 
 

PRIMARY FREQUENCY CONTROL IN FUTURE GB POWER SYSTEM WITH HIGH 
PENETRATION OF WIND GENERATION ................................................................................................................. 104

Fei Teng, G. Strbac 
 

BLACK START SCHEME FORMATION CONSIDERING DYNAMIC WIND POWER 
PENETRATION LIMIT ................................................................................................................................................... 109

Mao Ye, Yan Liu, Kang Du, Xueping Gu 
 

ENHANCED DC VOLTAGE CONTROL STRATEGY FOR FAULT MANAGEMENT OF A VSC-
HVDC CONNECTED OFFSHORE WIND FARM ....................................................................................................... 115

D. Tzelepis, A. O. Rousis, A. Dysko, C. Booth 
 

A WT-ARMA BASED METHOD FOR WIND POWER RAMP EVENTS FORECASTING................................... 121
Yongqian Liu, Ying Sun, Shuang Han, Yu Zhao, Yong Zhao, Bin Han 

 



THE VALUE OF STORAGE FOR A WIND FARM OFFERING ENERGY AND SPINNING 
RESERVE .......................................................................................................................................................................... 127

T. Rodrigues, P. J. Ramírez, G. Strbac 
 

MODIFIED CONTROL SCHEME TO IMPROVE LVRT CAPABILITY OF DFIG UNDER GRID 
FAULTS ............................................................................................................................................................................. 133

Aimeng Wang, Yun Wen, Jia Zhang 
 

ARTIFICIAL NEURAL NETWORK APPLICATION IN WIND FORECASTING: AN ONE-HOUR-
AHEAD WIND SPEED PREDICTION .......................................................................................................................... 139

A. R. Finamore, V. Galdi, V. Calderaro, A. Piccolo, G. Conio, S. Grasso 
 

GENERALIZATION OF THE MAIN MPPT METHODS ........................................................................................... 145
G. Geula, S. Kolesnik, G. Agranovich, A. Kuperman 

 

ROBUST MAXIMUM POWER POINT TRACKING OF RENEWABLE ENERGY GENERATORS................... 150
Y. Basha, M. Sitbon, S. Schacham, S. Lineykin, T. Suntio, A. Kuperman 

 

DESIGN OF A DIRECT CONNECTION SCHEME OF SUPERCAPACITORS TO THE GRID-
TIED PHOTOVOLTAIC SYSTEM ................................................................................................................................ 155

Y. S. Perdana, S. M. Muyeen, A. Al-Durra 
 

INCREASING THE RELIABILITY OF WIND TURBINES USING CONDITION MONITORING 
OF SEMICONDUCTOR DEVICES: A REVIEW ......................................................................................................... 161

R. Moeini, P. Tricoli, H. Hemida, C. Baniotopoulos 
 

STATOR WINDING FAULT DIAGNOSIS IN SYNCHRONOUS GENERATORS FOR WIND 
TURBINE APPLICATIONS ............................................................................................................................................ 167

R. K. Ibrahim, S. Watson 
 

NUMERICAL INVESTIGATION OF FLOW OVER A VARIABLE LENGTH WIND TURBINE 
BLADE ............................................................................................................................................................................... 173

S. Dhone, A. Roy 
 

OVERCOMING THE ISSUES ASSOCIATED WITH OPERATING A DISTRIBUTION SYSTEM 
IN REVERSE POWER FLOW ........................................................................................................................................ 179

J. Pollock, D. Hill 
 

ASSESSING DISTRIBUTION NETWORK HOSTING CAPACITY WITH THE ADDITION OF 
SOFT OPEN POINTS ....................................................................................................................................................... 185

L. J. Thomas, A. Burchill, D. J. Rogers, M. Guest, N. Jenkins 
 

WIND AND WAVE DIRECTIONAL TRANSIT TIME MODEL FOR OFFSHORE WIND 
OPERATION AND MAINTENANCE ............................................................................................................................ 191

P. R. Mills, B. Stephen, D. McMillan, I. Lazakis 
 

EVALUATION OF BEARING TECHNOLOGY IN DIRECT DRIVE ELECTRICAL 
GENERATORS ................................................................................................................................................................. 197

C. Pun, A. S. McDonald, M. Parker 
 

PERFORMANCE INDEX OF PHOTOVOLTAIC FIELDS FOR DIAGNOSTIC PURPOSES ............................... 203
L. Cristaldi, G. Leone, S. Vergura 

 

RELIABILITY ENHANCEMENT OF THERMOELECTRIC POWER CONVERSION AND 
MANAGEMENT USING GEOTHERMAL ENERGY FOR STAND-ALONE APPLICATIONS............................ 209

S. Siouane, S. Jovanovic, P. Poure 
 

A TECHNO-ECONOMIC COMPARISON OF BIOMASS THERMO-CHEMICAL SYSTEMS FOR 
SUSTAINABLE ELECTRICITY IN NIGERIAN RURAL AREAS ............................................................................ 215

A. Garba, M. Kishk 
 

BIOMASS FUEL FLEXIBILITY IN FUTURE CONVENTIONAL POWER GENERATION ................................ 221
E. Mason, J. Riaza, H. Chalmers, L. I. Darvell, J. M. Jones, A. Williams 

 

ECONOMICAL DESIGN OF A TWO-AXIS TRACKING SYSTEM FOR SOLAR COLLECTORS..................... 226
A. E. Gaafar, A. F. Zobaa 

 

SELECTION OF UNIT CELL SIZE FOR RF ENERGY HARVESTING METARESONATOR 
ARRAY............................................................................................................................................................................... 232

Y. L. Sum, B. H. Soong, K. J. Tseng 
 

SCALED HARDWARE VERIFICATION OF LOW FREQUENCY AC TRANSMISSION SYSTEM 
FOR INTERCONNECTION OF OFFSHORE WIND .................................................................................................. 238

J. Ruddy, R. Meere, C. O'Loughlin, T. O'Donnell 
 

CONTINUITY OF SERVICE OF FIVE-LEVEL H-BRIDGE T-TYPE CONVERTER UNDER 
OPEN-CIRCUIT SWITCH FAILURE ........................................................................................................................... 244

F. Becker, E. Jamshidpour, P. Poure, S. Saadate 
 

FULL-SELECTIVE PROTECTION STRATEGY FOR MTDC GRIDS BASED ON R-TYPE 
SUPERCONDUCTING FCLS AND MECHANICAL DC CIRCUIT BREAKERS.................................................... 250

W. R. Leon Garcia, A. Bertinato, P. Tixador, B. Raison, B. Luscan 
 



AN IGBT BASED CURRENT FLOW CONTROLLER FOR USE IN MESHED HVDC GRIDS ............................ 257
H. Y. Diab, S. B. Tennakoon, C. Gould, M. I. Marei 

 

A SMART FAULT DETECTION AND LOCALIZATION STRATEGY OF MODULAR MULTI-
LEVEL CONVERTERS FOR HVDC NETWORKS ..................................................................................................... 263

M. Abdelsalam, S. B. Tennakoon, A. L. Griffiths, M. I. Marei 
 

ASSESSMENT AND MITIGATION OF ZERO MISSING PHENOMENON FOR COMPENSATED 
CABLES AND HARMONIC FILTERS .......................................................................................................................... 269

K. Munji, J. Horne, B. Hesselbaek, N. B. Negra, S. Sahukari, G. Cotter 
 

DESIGN AND IMPLEMENTATION OF A ROBUST STATE-FEEDBACK CONTROL LAW FOR 
A GRID-CONNECTED DOUBLY FED INDUCTION GENERATOR WIND TURBINE ........................................ 276

M. Debouza, R. Errouissi, A. Al-Durra, S. M. Muyeen 
 

NONLINEAR PREDICTIVE GENERALIZED MINIMUM VARIANCE LPV CONTROL OF WIND 
TURBINES......................................................................................................................................................................... 282

P. Savvidis, M. J. Grimble, P. Majecki, Yan Pang 
 

ISLANDED OPERATION OF RENEWABLES DOMINATED MV MICROGRID WITH HIGHLY 
UNBALANCED LOADS .................................................................................................................................................. 288

F. Hassan, A. Ahmadi, G. Ault, M. Lee, R. Hopkins 
 

THE IMPACT OF ELECTRIC ENERGY CONSUMPTION FROM TELECOMMUNICATIONS 
SYSTEMS ON ISOLATED MICROGRIDS................................................................................................................... 294

F. Portelinha, D. Queiroz Oliveira, A. C. Zambroni De Souza, P. F. Ribeiro, B. De Nadai, D. Marujo 
 

A MONTE CARLO SIMULATION APPROACH TO DETERMINE CRITICAL BUSES IN 
ISLANDED MICROGRIDS ............................................................................................................................................. 300

N. B. De Nadai, A. C. Zambroni De Souza, J. G. C. Costa, D. Marujo, F. M. Portelinha, D. Q. Oliveira 
 

COMPARATIVE EVALUATION OF POWER QUALITY MODELLING APPROACHES FOR 
OFFSHORE WIND FARMS ............................................................................................................................................ 306

K. L. Koo, Z. Emin 
 

REACTIVE POWER CAPABILITY ANALYSIS OF A PHOTOVOLTAIC GENERATOR FOR 
LARGE SCALE POWER PLANTS ................................................................................................................................ 313

A. Cabrera-Tobar, E. Bullich-Massague, M. Aragues-Penalba, O. Gomis-Bellmunt 
 

DYNAMIC VOLTAGE STABILITY IMPACT OF LARGE-SCALE PHOTOVOLTAIC SYSTEM 
ON ELECTRIC POWER GRIDS .................................................................................................................................... 319

S. S. Refaat, H. Abu-Rub, A. P. Sanfilippo 
 

OVERSTRESS ANALYSIS IN SUBSTATIONS WITH HIGH WIND POWER INTEGRATION: 
APPLICATION TO THE BRAZILIAN INTERCONNECTED POWER SYSTEM .................................................. 325

R. L. Sinder, T. M. L. Assis, A. M. Monteiro 
 

GRAVITATIONAL SEARCH ALGORITHM-BASED PHOTOVOLTAIC ARRAY 
RECONFIGURATION FOR PARTIAL SHADING LOSSES REDUCTION ............................................................ 331

H. M. Hasanien, A. Al-Durra, S. M. Muyeen 
 

STABILIZATION OF PMSG BASED WIND TURBINE UNDER NETWORK DISTURBANCE BY 
USING NEW BUCK CONTROLLER SYSTEM FOR DC-LINK PROTECTION .................................................... 337

L. Sartika, M. Rosyadi, A. Umemura, R. Takahashi, J. Tamura 
 

A MODIFIED PHOTOVOLTAIC WIND HYBRID SYSTEM..................................................................................... 342
A. Al Tarabsheh, M. Akmal, M. Hareb, M. Kahla, A. Qadir, E. Mohammad, M. Ghazal 

 

DEVELOPMENT OF GRID CONNECTED INVERTER WITH SYNCHRONIZING POWER FOR 
WIND GENERATOR BASED ON GENERALIZED MOMENTUM .......................................................................... 345

A. Umemura, R. Takahashi, J. Tamura 
 

VOLTAGE AND POWER CHARACTERISTICS IN GERMAN LOW VOLTAGE GRIDS: FIELD 
EXPERIENCE IN PRESENCE OF HIGH PHOTOVOLTAIC INSTALLATIONS AND VOLTAGE-
REGULATED DISTRIBUTION TRANSFORMERS (VRDT)..................................................................................... 351

M. Cramer, C. Matrose, M. Cremer, A. Schnettler, P. Hahulla, T. Smolka 
 

NOVEL FAMILY OF B4 MULTILEVEL INVERTERS WITH IMPEDANCE SOURCE 
NETWORK FOR GRID INTEGRATION OF RENEWABLE ENERGY SOURCES ............................................... 357

N. B. Deshmukh, R. D. Thombare, M. M. Waware, D. S. More 
 

RESEARCH ON REACTIVE POWER OPTIMIZATION OF DISTRIBUTION NETWORK WITH 
DG CONSIDERING UPFC BASED ON DYNAMIC PARTITION ............................................................................. 363

Haifeng Liang, Bo Liu, Can Zheng, Botian Wang, Jun Liang 
 

FAULT CHARACTERISTICS OF PHOTOVOLTAIC POWER STATION AND ITS INFLUENCE 
ON RELAY PROTECTION OF TRANSMISSION LINE ............................................................................................ 369

Miaomiao Sun, Hui Wang, Xiaorong Zhu 
 

CORRECT SIZING OF A STORAGE UNIT FOR A RESIDENTIAL PV PLANT ................................................... 374
S. Barcellona, L. Piegari, V. Musolino 

 



EVALUATION OF VOLTAGES AND CURRENTS IN AN IPT SYSTEM THROUGH KALMAN 
FILTER .............................................................................................................................................................................. 381

L. P. Di Noia, L. Piegari, R. Rizzo 
 

COMPARISON AND VALIDATION OF WAKE MODELS BASED ON FIELD MEASUREMENTS 
WITH LIDAR .................................................................................................................................................................... 387

Li Li, Yansong Cui, Yongqian Liu, Linyue Gao, Ningbo Wang, Hang Lei 
 

THE RESEARCH OF ZERO VOLTAGE RIDE THROUGH STRATEGY OF DFIG.............................................. 393
Hongbo Zhao 

 

VERTICAL AXIS WIND TURBINE CASE STUDY: COST AND LOSSES ASSOCIATED WITH 
VARIABLE TORQUE AND VARIABLE SPEED STRATEGIES............................................................................... 399

M. Argent, A. S. McDonald 
 

ELECTRICAL MACHINE DESIGN FOR USE IN AN EXTERNAL COMBUSTION FREE PISTON 
ENGINE ............................................................................................................................................................................. 405

A. S. Jalal, N. J. Baker, D. Wu 
 

FREQUENCY CONTROL OF POWER SYSTEM WITH WIND FARM BY OUTPUT 
FREQUENCY BAND CONTROL OF ADJUSTABLE-SPEED PUMPED-STORAGE GENERATOR .................. 411

A. Tokida, S. Tahara, Y. Yoshida, A. Umemura, R. Takahashi, J. Tamura 
 

SMOOTHING CONTROL OF WIND FARM OUTPUT BY CONSIDERING STATE OF KINETIC 
ENERGY OF WIND FARM ............................................................................................................................................ 417

K. Kanawa, K. Koiwa, A. Umemura, R. Takahashi, J. Tamura 
 

SMALL-SIGNAL STABILITY ANALYSIS OF DOUBLY-FED WIND POWER SYSTEM UNDER 
SWITSC FAULTY CONDITION .................................................................................................................................... 423

B. Q. Xu, H. Ren, S. Y. Zhang, L. L. Sun 
 

REAL-TIME TEMPERATURE CYCLING ESTIMATION OF IGBT POWER MODULES WITH 
POWER IN-LINE MEASUREMENTS AND COMPACT THERMAL MODELING ............................................... 429

F. Di Napoli, A. Magnani, M. Coppola, P. Guerriero, V. D'Alessandro, L. Codecasa, P. Tricoli, S. Daliento 
 

ADAPTIVE CONTROL STRATEGY FOR LOW VOLTAGE RIDE THROUGH CAPABILITY 
ENHANCEMENT OF A GRID-CONNECTED SWITCHED RELUCTANCE WIND GENERATOR ................... 435

H. M. Hasanien, S. M. Muyeen, A. Al-Durra 
 

HARMONIC MITIGATION OF HYBRID AC/DC MICRO-GRIDS WITH PMSG ................................................. 441
Wei Feng, Tseng King Jet, Li Kaiyuan, Yap Heng Goh, B. S. H. Chew 

 

ECONOMIC OPTIMAL DISPATCHING OF POWER SYSTEM WITH WIND POWER PUMPED 
STORAGE-THERMAL POWER JOINT OPERATION .............................................................................................. 446

Siqing Sheng, Jinyao Zhu, Jingru Yan, Mengdi Li, Ran Li 
 

LOW COST SMART ENERGY MONITORING AND CONTROL SYSTEM FOR SMART 
BUILDINGS....................................................................................................................................................................... 451

S. Sohaib, I. Sarwar, M. H. Iftikhar, A. Mahmood 
 

MODELING AND OPERATION OF LOW VOLTAGE RIDE THROUGH ANALYSIS OF A 
DOUBLY-FED INDUCTION GENERATOR WITH STATOR WINDING INTER-TURN SHORT 
CIRCUIT............................................................................................................................................................................ 456

L. L. Sun, D. Fang, C. J. Sun 
 

A MODEL PREDICTIVE CONTROL STRATEGY FOR GRID-CONNECTED SOLAR-WIND 
WITH PUMPED HYDRO STORAGE............................................................................................................................ 462

M. W. Siti, R. Tiako, R. C. Bansal 
 

Author Index 




