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Virtual Power Plant integrated large numbers of distributed generations, energy storage devices and loads into a
controllable independent power plant by advanced communication technolo- gies and control strategies. It can
solve the control and dispatch problems of distributed generations connecting to network effectively by a series
of large-scale means. In this paper, we made a comprehensive review on virtual power plant from the aspects
of information exchange architectures, operation and management structures, ancillary services and optimal
scheduling respectively as well as explored the energy management optimization scheduling problems of virtual
power plant deeply. For the optimal scheduling problems, we analyzed in detail mainly from three aspects of
optimization goals, scheduling periods and the uncertainties in virtual power plant. Finally, some suggestions are
given for further studies of virtual power plant on organizational structure, scheduling management, operational
control and so on, so as to form a practical theoretical framework.

A A LH

[1] Pudjianto, D., Ramsay, C. and Strbac, G. (2007) Virtual power plant and system integration of
distributed energy resources. IET Renewable Power Generation, 1, 10-16.

[2] Bignucolo, F., Caldon, R. and Prandoni, V. (2006) The voltage control on MV distribution networks
with aggregated DG Units (VPP). Proceedings of the 41st International Universities Power Engineering

BT EA: kFHE,

% & &7

W B A

@ NBEDEG

>5%):

%

INNERBA | El74ET

W SRiHATIGEE 13,162
-, ST T EE 2,411

KiathE

5 % @3

#} 48 & #a A1

AR

FALEE

#F 44



(3]

(4]

(5]
(6]

(7]
(8]

(9]

(10]

[11]

[12]

[13]

[14]

[19]

[20]

Conference (UPEC), 1, 187192.

Morais, H., Cardoso, M., Castanheira, L., Vale, Z. and Praca, 1. (2005) A decision-support simulation
tool for virtual power producers. IEEE International Conference on Future Power Systems,
Amsterdam, 1-6.

Saboori, H., Mohammadi, M. and Taghe, R. (2011) Virtual Power Plant (VPP), definition, concept,
components and types. Power and Energy Engineering Conference (APPEEC), Asia-Pacific, March
2011, 1-4.

PEE, GE D@, DA, £, 25 (2013) AMETOBREL LR, &P 5% G#, 37,19,

Asmus, P. (2010) Microgrids, virtual power plants and our distributed energy future. The Electricity
Journal, 23, 7282.

WAR, G, A0, €6 (2013) A b LRGDHZER LS. 8A%A, 37, 2258-2263.

Adriaan, W., Christos, K., Jaap, J., et al. (2012) Financial and socio-economic impacts of embracing the
FENIX concept. http://www.fenix-project.org/

Roossien, B., Warmer, J.C. and Kamphuis, G.I. (2006) The power match: Multiagent control of
electricity demand and supply. IEEE Intelligent Systems, 21, 89-90.

Zeng, 1., Liy, J.F., Wu, J., et al. (2011) A multi-agent solution to energy management in hybrid
renewable energy generation system. Renewable Energy, 26, 1352-1363.

Sucic, S., Dragicevc, T., Capuder, T. and Delimar, M. (2011) Economic dispatch of virtual power plants
in an eventdriven service-oriented framework using standards-based communications. Electric Power
Systems Research, 21082119.

Lukovic, S., Kaitovic, I., Mura, M. and Bondi, U. (2010) Virtual power plant as a bridge between
distributed energy resources and smart grid. Proceedings of the 43rd Hawaii International Conference
on System Sciences, Honolulu, 1-8.

Jansen, B., Binding, C., Sundstrom, O. and Gantenbein, D. (2010) Architecture and communication of
an electric vehicle virtual power plant. 2010 First IEEE International Conference on Smart Grid
Communications, 149-154.

Vandoorn, T.L., Zwaenepoel, B., De Kooning, J., et al. (2011) Smart Microgrids and virtual power
plants in a hierarchical control structure. 2011 2nd IEEE PES International Conference and Exhibition
on Innovative Smart Grid Technologies (ISGT Europe), Manchester, 1-7.

El Bakari, K. and Kling, W.L. (2011) Development and operation of virtual power plant system. 2011
2nd IEEE PES International Conference and Exhibition on Innovative Smart Grid Technologies (ISGT,
Europe), Manchester, 1-5.

Braun, M. (2007) Technological control capabilities of DER to provide future ancillary services.
International Journal of Distributed Energy Resources, 3, 191-206.

Ruthe, S., Rehtanz, C. and Lehnhoff, S. (2012) Towards frequency control with large scale Virtual
Power Plants. 2012 3rd IEEE PES International Conference and Exhibition on Innovative Smart Grid
Technologies (ISGT Europe), Berlin, 14-17 October 2012, 1-6.

Oyarzabal, J., Marti, J., Ilo, A., Sebastian, M., Alvira, D. and Johansen, K. (2009) Integration of DER
into power system operation through Virtual Power Plant concept applied for voltage regulation.
Integration of Wide-Scale Renewable Resources into the Power Delivery System, 2009 CIGRE/IEEE
PES Joint Symposium, Calgary, 29-31 July 2009, 17.

Unger, D., Spitalny, L. and Myrzik, J.M.A. (2012) Voltage control by small hydro power plants
integrated into a virtual power plant., 2012 IEEE on Energytech, Cleveland, 29-31 May 2012, 1-6.

Khan, H.A., Lu, H.H.C. and Sreeram, V. (2011) Active and reactive power control of the electronically
interfaced DG sources for the realization of a Virtual Power Plant. IECON 2011-37th Annual Conference



[21]

[22]

(23]

[24]

[25]

(32]

(33]

(34]

(35]

(36]

(37]

on IEEE Industrial Electronics Society, Melbourne, 7-10 November 2011, 808-813.

Khan, H., Dasouki, S., Sreeram, V., Iu, H.H. and Mishra, Y. (2013) Universal active and reactive power
control of electronically interfaced distributed generation sources in virtual power plants operating in
grid-connected and islanding modes. IET Generation, Transmission & Distribution, 7, 885-897.

Gong, J., Xie, D., Jiang, C. and Zhang, Y. (2011) Multiple Objective Compromised Method for Power
Management in Virtual Power Plants. Energies, 4, 700-716.

Morais, H., Kadar, P., Cardoso, M., Vale, Z.A. and Khodr, H. (2008) Operating in the Isolated Grid.
Power and Energy Society General Meeting, Conversion and Delivery of Electrical Energy in the 21st
Century, Pittsburgh, 20-24 July 2008, 1-6.

Aloini, D., Crisostomi, E., Raugi, M. and Rizzo, R. (2011) Optimal power scheduling in a Virtual Power
Plant., 2011 2nd IEEE PES International Conference and Exhibition on Innovative Smart Grid
Technologies (ISGT Europe), Manchester, 5-7 December 2011, 1-7.

Nezamabadi, H., Nezamabadi, P., Setayeshnazar, M. and Gharehpetian, G.B. (2011) Participation of
virtual power plants in energy market with optimal bidding based on Nash-SFE Equilibrium Strategy
and considering interruptible load. 2011 Proceedings of the 3rd Conference on Thermal Power Plants
(CTPP), Tehran, 18-19 October 2011, 1-6.

Soltani, M., Raoofat, M. and Rostami, M.A. (2012) Optimal reliable strategy of virtual power plant in
energy and frequency control markets. 2012 Proceedings of 17th Conference on Electrical Power
Distribution Networks (EPDC) IEEE, Tehran, 2-3 May 2012, 1-6.

Sousa, T., Morais, H., Soares, J. and Vale, Z. (2012) Day-ahead resource scheduling in smart grids
considering vehicle-to-grid and network constraints. Applied Energy, 96, 183-193.

% E (1988) £F € AL BRAS S GBI, €A% A, 10, 63-67.

Toma, L., Otomega, B. and Tristiu, I. (2012) Market strategy of distributed generation through the
virtual power plant concept. 2012 13th International Conference on Optimization of Electrical and
Electronic Equipment (OPTIM), Brasov, 24-26 May 2012, 81-88.

Toma, L., Otomega, B., Bulac, C. and Tristiu, I. (2012) Coordination of distributed generators through
the virtual power plant concept. 2012 3rd IEEE PES International Conference and Exhibition on
Innovative Smart Grid Technologies (ISGT Europe), Berlin, 14-17 October 2012, 1-6.

Mashhour, E. and Moghaddas-Tafreshi, S.M. (2011) Bidding strategy of virtual power plant for
participating in energy and spinning reserve markets—Part I: Problem formulation. IEEE Transactions
on Power Systems, 26, 949-956.

Mashhour, E. and Moghaddas-Tafreshi, S.M. (2011) Bidding strategy of virtual power plant for
participating in energy and spinning reserve markets—Part II: Numerical Analysis. IEEE Transactions on
Power Systems, 26, 957-964.

Salmani, M.A., Tafreshi, S.M.M. and Salmani, H. (2009) Operation optimization for a virtual power plant.
2009 IEEE PES/IAS Conference on Sustainable Alternative Energy (SAE), Valencia, 28-30 September
2009, 1-6.

Salmani, M.A., Anzalchi, A. and Salmani, S. (2010) Virtual power plant: New solution for managing
distributed generations in decentralized power systems. 2010 International Conference on
Management and Service Science (MASS), Wuhan, 24-26 August 2010, 1-6.

Salmani, M.A., Tafreshi, S.M.M. and Bagherian, A. (2010) Virtual Power Plant: Concept and Operation
Optimization Algorithm. International Review of Electrical Engineering, 5, 2271-2280.

Peikherfeh, M., Seifi, H. and Sheikh-El-Eslami, M.K. (2010) Optimal decision making for virtual power
plant operation. IPEC, 2010 Conference Proceedings, Singapore City, 27-29 October 2010, 625-629.

Hropko, D., Ivanecky, J. and Turcek, J. (2012) Optimal dispatch of renewable energy sources included
in Virtual power plant using Accelerated particle swarm optimization. 2012 ELEKTRO, Raijeck Teplice,



(38]
(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[55]

21-22 May 2012, 196-200.
S E (Q013) AR A& & » Fab 20269 A & T Wik iR, KIVRI LG,
G Q013) AFAMLE T GHEXCBNAERBERGA L, F8 P A,

Ruiz, N., Cobelo, I. and Oyarzabal, J. (2009) A direct load control model for virtual power plant
management. IEEE Transactions on Power Systems, 24, 959-966.

Skarvelis-Kazakos, S., Papadopoulos, P., Grau, I., Gerber, A., Cipcigan, L.M., Jenkins, N. and Carradore,
L. (2010) Carbon optimized virtual power plant with electric vehicles. 2010 45th International
Universities Power Engineering Conference (UPEC), Cardiff, 31 August-3 September 2010, 1-6.

Morais, H., Cardoso, M., Castartheira, L., Vale, Z.A. and Praga, I. (2007) VPPs information needs for
effective operation in competitive electricity markets. 2007 5th IEEE International Conference on
Industrial Informatics, Vol. 2, Vienna, 23-27 June 2007, 1183-1188.

Vale, Z., Pinto, T., Morais, H., Praga, I. and Faria, P. (2011) VPP’s multi-level negotiation in smart grids
and competitive electricity markets. Power and Energy Society General Meeting, 2011 IEEE, San
Diego, 24-29 July 2011, 1-8.

Morais, H., Pinto, T., Vale, Z. and Praca, I. (2012) Multilevel Negotiation in Smart Grids for VPP
Management of Distributed Resources. IEEE Intelligent Sys-tems, 27, 8-16.

Lombardi, P., Powalko, M. and Rudion, K. (2009) Optimal operation of a virtual power plant. Power &
Energy Society General Meeting, Calgary, 26-30 July 2009, 1-6.

Giuntoli, M. and Poli, D. (2013) Optimized Thermal and Electrical Scheduling of a Large Scale Virtual
Power Plant in the Presence of Energy Storages. IEEE Transactions on Smart Grid, 4, 942-955.

Kuzle, 1., Zdrilic, M. and Pandzic, H. (2011) Virtual power plant dispatch optimization using linear
programming. 2011 10th International Conference on Environment and Electrical Engineering
(EEEIC), Rome, 8-11 May 2011, 1-4.

Zdrilic, M., Pandzic, H. and Kuzle, I. (2011) The mixed-integer linear optimization model of virtual power
plant operation. Energy Market (EEM), 2011 8th International Conference on the European, Zagreb,
25-27 May 2011, 467-471.

Schafer, A. and Moser, A. (2012) Dispatch optimization and economic evaluation of distributed
generation in a virtual power plant. 2012 IEEE Energytech, Cleveland, 29-31 May 2012, 1-6.

Kok, K. (2009) Short-term economics of virtual power plants. 20th International Conference and
Exhibition on Electricity Distribution (CIRED 2009), Prague, 8-11 June 2009, 1059-1059.

Wille-Haussmann, B., Erge, T. and Wittwer, C. (2010) Decentralized optimization of cogeneration in
virtual power plants. Solar Energy, 84, 604-611.

Peik-Herfeh, M., Seifi, H. and Sheikh-El-Eslami, M.K. (2013) Decision making of a virtual power plant
under uncertainties for bidding in a day-ahead market using point estimate method. International
Journal of Electrical Power & Energy Systems, 44, 88-98.

Taheri, H., Rahimi-Kian, A., Ghasemi, H. and Alizadeh, B. (2012) Optimal operation of a virtual power
plant with risk management. 2012 IEEE PES Innovative Smart Grid Technologies (ISGT), Washington
DC, 1-7.

Taheri, H., Ghasemi, H., Rahimi-Kian, A. and Akbari, T. (2011) Modeling and optimized scheduling of
Virtual Power Plant. 2011 19th Iranian Conference on Electrical Engineering (ICEE), Tehran, 17-19 May
2011, 1-6.

Peikherfeh, M., Seifi, H. and Sheikh-El-Eslami, M.K. (2011) Optimal dispatch of distributed energy
resources included in a virtual power plant for participating in a day-ahead market. 2011 International
Conference on Clean Electrical Power (ICCEP), Ischia, 14-16 June 2011, 204-210.



[56]

(57]

(58]

[59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

Shropshire, D., Purvins, A., Papaioannou, I. and Maschio, I. (2012) Benefits and cost implications from
integrating small flexible nuclear reactors with off-shore wind farms in a virtual power plant. Energy
Policy, 46, 558-573.

Houwing, M., Papaefthymiou, G., Heijnen, P.W. and Ili¢, M.D. (2009) Balancing wind power with virtual
power plants of micro-CHPs. 2009 IEEE Bucharest PowerTech, Bucharest, 28 June-2 July 2009, 1-7.

Pandzi¢, H., Kuzle, I. and Capuder, T. (2013) Virtual power plant mid-term dispatch optimization.
Applied Energy, 101, 134-141.

Vasirani, M., Kota, R., Cavalcante, R., Ossowski, S. and Jennings, N. (2013) An Agent-Based Approach
to Virtual Power Plants of Wind Power Generators and Electric Vehicles. IEEE Transactions on Smart
Grid, 4, 1314-1322.

Musio, M., Lombardi, P. and Damiano, A. (2010) Vehicles to grid (V2G) concept applied to a virtual
power plant structure. 2010 19th International Conference on Electrical Machines (ICEM), Rome, 6-8
September 2010, 1-6.

Sousa, T., Morais, H., Vale, Z., Faria, P. and Soares, J. (2012) Intelligent energy resource management
considering vehicle-to-grid: A simulated annealing approach. IEEE Transactions on Smart Grid, 3, 535-
542.

Musio, M. and Damiano, A. (2012) Virtual Power Plant Management Model Based on Electric Vehicle
Charging Infrastructure Distribution. 2012 3rd IEEE PES International Conference and Exhibition on
Innovative Smart Grid Technologies (ISGT Europe), Berlin, 14-17 October 2012, 1-7.

Raab, A.F., Ferdowsi, M., Karfopoulos, E., Unda, 1.G., Skarvelis-Kazakos, S., Papadopoulos, P., Abbasi,
E., et al. (2011) Virtual Power Plant Control Concepts with Electric Vehicle. 2011 16th International
Conference on Intelligent System Application to Power Systems (ISAP), Hersonissos, 25-28 September
2011, 1-6.

Lombardi, P., Stotzer, M., Styczynski, Z. and Orths, A. (2011) Multi-criteria optimization of an energy
storage system within a Virtual Power Plant architecture. 2011 IEEE Power and Energy Society
General Meeting, 24-29 July 2011, San Diego, 1-6.

Mohammadi, J., Rahimi-Kian, A. and Mohammad. S.G. (2011) Joint Operation of Wind Power and
Flexible Load as Virtual Power Plant. 2011 10th International Conference on Environment and Electrical
Engineering (EEEIC), Rome, 8-11 May 2011, 1-4.

Foggia, G., et al. (2010) Optimization by stochastic programming for the aggregation of a commercial
virtual power plant. 11th International Workshop on Optimization and Inverse Problems in
Electromagnetism, Sofia, 14-18 September 2010.

Pandzi¢, H., Morales, J.M., Conejo, A.J. and Kuzle, 1. (2013) Offering model for a virtual power plant
based on stochastic programming. Applied Energy, 105, 282-292.

Handschin, E., Neise, F., Neumann, H. and Schultz, R. (2006) Optimal operation of dispersed
generation under uncertainty using mathematical programming. International Journal of Electrical
Power & Energy Systems, 28, 618-626.

Moghaddam, 1.G., Nick, M., Fallahi, F., Sanei, M. and Mortazavi, S. (2013) Risk-averse profit-based
optimal operation strategy of a combined wind farmecascade hydro system in an electricity market.
Renewable Energy, 55, 252-259.

wBLE

. T ATP-EMTPHIMATLABI = 2 A S5 sk th i 55 548 4

Fault Simulation Study for High Voltage Line Based on ATP-EMTP and MATLAB

R IHREERGEENEOAFEO S BN ECERD R EMNABAEGE

Review of Research on Sensorless Control of Permanent Magnet Synchronous Machines Based on

Fluctuating High-Frequency Carrier Signal Injection



L EQUBAGHRMNRYOPERLEERER
Realization of Expert System on Automatic Generation of Misoperation Prevention Control Rules in

Substations

.GIS#: 462w @%F LB R AN
Analysis of Common Problems of GIS Equipment Electrical Interlock Circuit

. CCSHh &2t he#h & 469544 5 %
Excitation System Design and Components Selection for CCS Hydropower Plant

ik ph %5 . i8R & K42 (Hans Publishers)

Copyright © 2014 Hans Publishers Inc. All rights reserved. [Rss




