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A virtual power plants (VPPs) is an alternative for the management of Distributed Energy Resources (DER) in the
electricity system, which operates based on the concept of the “virtual cloud”. Its specific role is visibility and the technical
and commercial integration of DERs in the power system. It is capable of grouping and managing the technical potential
of different DERs (microgrids included), regardless of the voltage level at which they are interconnected with the network
and without a geographical restriction between the elements. It is modeled as a single virtual element associated with the
distribution network to guarantee a safe, efficient, cooperative and complementary operation between its elements, both in
commercial and technical aspects. The VPP has the capacity to participate in the electricity market as a manager of
controllable loads and as a provider of energy, power reserve and ancillary services.
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| 1. Definition and Scope of Virtual Power Plants (VPPs)

The concept of virtual power plants (VPPs) was firstly introduced in 1997 by Dr. Shimon Awerbuch with the term “virtual
utility” I, proposing the creation of small systems capable of taking advantage of the benefits of DERs. Since then,
several studies have contributed to the maturity of this initial definition. In &, VPPs are defined as a combination of
storage devices and small renewable and thermal generating plants that serve to participate in the electricity market as a
more robust and efficient power plant. Ref. [2l emphasizes the definition as a group of decentralized and grid-connected
units installed in single and multi-family homes, small businesses and public buildings to provide heating, cooling and
electricity production services, where a set of units can be controlled and managed as a single DER plant and with great
flexibility in terms of fuel choice. In [, the characteristics of the generator and controllable load parameters that can be
aggregated and used to characterize VPPs are outlined, including frequency response characteristics, voltage regulating
capability, active and reactive power loading capability schedule and profile of load, among others. In the European
FENIX Project, a mechanism is proposed to manage DERs and make better use of its participation. It adds several small-
and medium-capacity generation units to form a single virtual unit that behaves in a similar way to a large power station,
and therefore with the ability to integrate DERs in the electricity market and provide technical services to the grid (2. In the
work developed in [, VPPs are approached as a set of generating plants and controllable loads. The capacity of the
generators is around dozens of MW, and they can produce electrical and thermal energy at the same time. Service supply
is carried out through a smart management system. VPPs are part of the concept of DERs and medium/low-voltage
distribution networks. VPPs are a fundamental element to participate in the active management of the system as a smart
grid [4. In B, a VPP is defined as the set of DERs located in an electrical system, not limited in voltage level and grouped
for cooperative operation as a single element that aims to obtain technical and economic benefits for all system
participants. The flexibility of the management of DERs with VPPs to offer ancillary services to the system is analyzed in
(@, The DeMoTec laboratory was used for the control of active and reactive power through a VPP. In order to seek the
proper interaction of DERs in the EPS, in 19, the participation of VPP as an ‘“integrating agent” is proposed for small
DERs to be power suppliers from distribution networks. The VPP operator would be in permanent communication with the
system operator and in permanent interaction with small generating plants. As more studies have been developed in this
area, the authors provided broader concepts of VPPs, allowing them to incorporate new elements and new operating
strategies in the network. In 11 a VPP is a set of DERSs, storage systems, electric vehicles and controllable loads, which
are controlled, optimized and coordinated so that their operation is equivalent to an hourly dispatched unit and with
participation in the electricity market. This VPP is a supplier of energy, capacity and ancillary services to the grid
operations. The electric vehicle is also proposed as a fundamental part of VPPs. For example, in 22, various approaches
are introduced to facilitate the integration of electric mobility through VPPs. Ref. 13! describes the implementation of a
VPP as a means of coordinating the use of distributed resources by TSO and DSO operators for different control
objectives. In 24! the concept of VPP is proposed to improve electrical systems and to integrate DERs in the electricity
market as a single plant, basing its management on the concept of the “virtual cloud” and adding small-scale DERs.
Another study proposes the concept of fog as a VPP (FaaVPP) to integrate DERs as services for community energy



management (151, Generating units are integrated in a power distribution hub, which is managed and controlled with fog-
based service to form a VPP. This service provides a virtual trading system for prosumers. In the POSYTYF project, the
concept of a dynamic virtual power plant (DVPP) is proposed 8l The DVPP aims to facilitate the integration of
dispatchable and non-dispatchable renewable energy sources into the electrical network by offering their combined
flexibility. It is a new concept that considers the large-scale integration of only RES. The DVPP not only has economic
advantages, but it also has the capacity to offer ancillary services to the system [,

As a summary, Figure 1 shows some important criteria that have contributed to the development of VPPs over time.

Figure 1. Time evolution of the concept and scope of VPP. S. Awerbuch [, A. Tovaglieri @, W. D. Pudjianto 18], C.

Ramsay @, M. Braun &, N. Jenkins 4, G. Strbac 12, J. L. Paternina [, X. Wang 14, S. K. Rathor 14!, POSITYF Project
(26],

Finally, bringing together the concepts formulated by multiple authors, an integral definition of VPP is proposed. This
definition encompasses the different operating approaches and the services that can be offered to the EPS.

« A VPP is an alternative for the management of DERs in the electricity system, which operates based on the concept of
the “virtual cloud”. Its specific role is visibility and the technical and commercial integration of DERs in EPS.

« It is capable of grouping and managing the technical potential of different DERs (microgrids included), regardless of the
voltage level at which they are interconnected with the network and without a geographical restriction between the
elements.

e It is modeled as a single virtual element associated with the distribution network to guarantee a safe, efficient,
cooperative and complementary operation between its elements, both in commercial and technical aspects.

e The VPP has the capacity to participate in the electricity market as a manager of controllable loads and as a provider of
energy, power reserve and ancillary services.

Figure 2 displays the elements that support the proposed definition.
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Figure 2. Scheme of the proposed definition of VPP.

Several authors use the term “aggregator” as a concept similar to VPP 8192021l Therefore, here, when an aggregator
is mentioned, it refers to the VPP. Depending on the political regulations and type of market used in different countries, the
work of an aggregator could focus on managing a set of distributed elements, acting as an intermediary between DERSs,
consumers and the system operator (211,

It is important to mention that VPPs manage the services of the DERs through communication and coordination protocols
between the aggregator and system operator. The power flows are supplied in the distribution networks and are controlled
in real time. Finally, the economic flows are managed by the market operator. In summary, VPPs are responsible for three
types of flows: communication and economic flows (virtual interconnection) and real power flows in the grid (physical
interconnection between DERs and the grid). This concept is known as the “internet of energy” and has been mentioned
in several works where VPPs play an important role [2223124] To clarify the proposed concepts, Figure 3 shows a
diagram with the physical link between the VPP and the distribution grid.

Figure 3. Physical link between the VPP and the distribution grid.

Figure 3 shows that the VPP functions as a suitable interface for DER management; however, it is important to note that
a physical layer is required to perform any actual power flow transfer.

| 2. Classification of VPPs and Participation in the Electricity Markets

VPPs are usually classified in two groups: technical virtual power plants (TVPP) and commercial virtual power plants
(CvpPp) LEI23IBI26127],

Technical Virtual Power Plant: The main objective of the TVPP is to grant the visibility of the DERs to the system
operators. They contribute to the operation of the network in real time through the availability of capacity, energy supply
and ancillary services, such as voltage regulation, secondary and tertiary frequency regulation, inertial response and black



start, among others. TVPPs lead to the decentralization of the EPS, offering the technical characteristics of a traditional
power station. Likewise, its flexibility allows it to manage the complementarity between its associated elements and to use
storage devices to guarantee the stability required by the system.

Commercial Virtual Power Plant: The main objective of the CVPP is the commercial integration of DERs in the EPS,
allowing participation in the electricity market with the supply of energy, power reserve and ancillary services. CVPPs
manage their resources to find economic benefits for DER owners and for the system in general. The process gathers
DERs and formulates a daily capacity and production plan, considering the costs of individual DERs. Finally, depending
on the type of electricity market in the country or region, a service is offered at a specific price. This way, low-capacity
DERs become visible in the electricity market and are more likely to be dispatched when combined with other
technologies. Consequently, the CVPP constitutes a supply and demand subsystem between the DERs and the
associated loads. The CVPP operator decides the dispatch of each element based on the cost and convenience
presented in each operating scenario, according to the availability of the energy resource, hourly demand, marginal prices
and the spot market. Based on these concepts, some authors have proposed new classification categories of VPPs. For
example, in order to guarantee the flexibility of services offered by the TVPP and CVPP, in [, management and control
subcategories are established, which are called VPP with centralized (CCVPP) and distributed control (DCVPP).

The optimal operation of the electrical system depends on a technical operating structure and a commercial operating
mechanism. First, the responsibility for the balance between generation/demand, power quality and system reliability rests
with the technical operation. Second, the supply of these services is managed in different electricity markets. Worldwide,
there are commonly three main electricity markets: Day-Ahead Market (DAM), Real-Time Balancing Market (RBM) and
Futures Markets 2812911301 Although some concepts or regulations may vary according to each country, the main
characteristics are common to all of them 28 The DAM market allows trading electricity commodities the day before on a
daily basis, while the RBM market closes shortly before the actual power delivery (usually at a higher price). Finally,
futures markets allow transactions several weeks, months or years in advance (usually for contracts at an agreed price).
DERs alone do not have the ability to dynamically participate in these markets and require an intermediary agent—in this
case, the VPP. In this sense, the VPP aggregates the services of multiple DERs and benefits them from the economy of
scale. In addition, it generates complementarity between DERs and increases their flexibility. The VPP also acquires
reserve capacity and therefore can provide services in the Ancillary Services Market (ASM).

Since many DERs are renewable sources, participation in electricity markets becomes a problem of decision making
under conditions of uncertainty. There are three main uncertainties: price, demand and availability of renewable
resources. The solution to these problems is through stochastic programming optimization algorithms and robust
optimization B2 Renewable energies also pose a risk in electricity markets. CVPPs must face uncertainties and offer
their services seeking maximum economic profitability. When considering risk in bidding, optimization algorithms are more
complex and adaptive robust programming is recommended 311,

| 3. Demonstrative Projects

The potential of VPPs for the integration of DERs in explored through the development of several demonstration projects
that seek to consolidate this alternative of DER integration in the EPS, generating new knowledge and solid experiences
to support the energy transition. The projects developed worldwide have specific characteristics of architecture, operation,
capacity, control systems, etc., according to the proposed scope and the set objectives to achieve. The most
representative demonstration projects are summarized in Table 1.

Table 1. Worldwide developed projects’ characteristics.

Project Country Year Characteristics

« Integration of DERs and maximization of their contribution to the
EPS.

FENIX United Kingdom, 2005- « Implementation of a VPP and decentralized management.
(23] Spain, France 2009

« Tests were carried out in real distribution networks in Spain and
the United Kingdom.



Project Country Year
Edison Project Bornholm 2009-
[34][35][36] Island,

2012

Denmark
Powers_hlft 2010-

Atlantic Canada
[371[381[39] 2015

WEB2
ENERGY Germany 2010~
[40] 2015
1

S&a&p&) Germany 2015

Shanghai Huangpu

District VPP project China 2016
[27][44]

Consolidated

Edison USA 2018~
[45][46] 2020
AGL Virtual Power
Plant Australia 2018

[47]

Characteristics

Evaluation of the impact of smart management in the charging
and discharging of electric vehicles.

Evaluation of the project in a system with high penetration of wind
energy.

The management of DERs is carried out through a VPP.
Implementation of a VPP that allows effective integration of wind
energy.

Determination of whether demand control is an economical and
effective alternative offer as an ancillary service.

Operation at 1400 interconnected clients and demands of around
17.3 MW.

Implementation and testing of the three pillars of “Smart
Distribution” (smart metering, smart energy management and
automation).

Demonstration of the compensation of fluctuating deviations of
renewable energies through the addition of conventional
generators and storage.

The company “Next Kraftwerke” developed a VPP that combines
the flexibility of energy producers and consumers.

The additional power can be used to provide control and balance
fluctuations in the network.

“Next Pool VPP” manages more than 2900 medium- and small-
scale energy production and consumption units (1.9 GW).
Implementation of a VPP for smart energy management in
commercial buildings.

Energy storage systems are managed to execute operations with

the distribution network.

Demonstrate that a set of photovoltaic systems with storage in
residential buildings can offer resilience to distribution networks.

Implementation of a VPP with high penetration of batteries in the
network.

Management will be through a cloud-based platform.

The AGL virtual power plant is a prototype created by installing
storage systems in 1000 residential homes (5 MW).



Project Country Year Characteristics

« Australian Energy Market Operator (AEMO), Australian
Renewable Energy Agency (ARENA), Australian Energy Market
Commission (AEMC) and Australian Energy Regulator (AER)

manage a VPP in real time to evaluate its effectiveness to
Virtual Power Plant

Demonstrations Australia 2018
[48][49][50][51]

participate in ancillary service markets.

« Itis expected to execute the operation of a VPP (700 MW) to
verify the potential of the storage systems for energy
management and ancillary services.

« Implementation of more than 1200 batteries in homes in South

Australia.
Simply Energy
Virtual [;(]’[‘g]?f Plant Australia 2019 . Management of up to 6.5 MW of residential energy storage.

« Provision of ancillary services through a VPP.

« Development of a VPP adding only renewable sources
(dispatchable and non-dispatchable).

. Spain, France, . L
POSITY£61 Project Switzerland, 2021 Development of the dynamic virtual power plant (DVPP) concept.
Germany

« Dynamic coordination is valid to provide ancillary services to the
system.

Like the theoretical works, the demonstration projects have also experienced significant development over time. Each
VPP is unique in relation to its technical characteristics and therefore, each demonstration project has specific objectives
and different approaches.

If the technical characteristics of the Edison Project (2009—2012) are analyzed, the VPP is a set of electric vehicles and
wind generation, while in the Simply Energy Virtual Power Plant project (2019), the VPP is a set of batteries and
photovoltaic generators. Likewise, the specific objectives are different according to the interests of each project. For
example, in the WEB2ENERGY project (2010-2015), a VPP was implemented to test Smart Distribution concepts, while
in the Virtual Plant Demonstrations project (2018), the VPP is managed to offer ancillary services to the system. The
different approaches between the FENIX (2005-2009) and POSITYF (2021) projects are evident. The architecture of the
VPP of FENIX has a single point of common coupling (PCC) with the grid and DER management optimizes the maximum
energy supply. On the other hand, the POSITYF project uses the concept of the cloud to control DERs at multiple PCCs
with the grid. This project manages the energy and the capacity of the DERs to offer ancillary services to the system.

Another interesting example is Smartpool from the company Next Kraftwerke (2015). The implemented VPP manages
more than 2900 DERs through the concept of the cloud and multiple PCCs. The management of each controllable DER
as biogas power plants uses their flexibility to stabilize the system with secondary frequency regulation. It is observed in
the demonstration projects that the level of penetration of DERs does not imply a limitation for VPPs. The Smartpool
project manages 1.9 GW and is competitive in the German electricity market. In fact, the more DERs there are, the more
flexible the VPP becomes, and its operation is more complex. On the other hand, the different technologies of the DERs
do not impede the optimal operation of the VPP. For example, in POSITYF Project, the VPP manages only renewable
sources (dispatchable and non-dispatchable), and in some simulation scenarios, they do not consider storage.

References

1. Awerbuch, S.; Preston, A. The Virtual Utility: Accounting, Technology & Competitive Aspects of the Emerging Industry;
Springer: Berlin/Heidelberg, Germany, 1997.

2. Tovaglieri, A. Research Collection. Brisk Bin Robust Invariant Scalable Keypoints; ETH Zrich: Zirich, Switzerland,
2003.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Setiawan, E.A. Concept and Controllability of Virtual Power Plant; Kassel University Press: Kassel, Germany, 2007.

. Pudjianto, D.; Ramsay, C.; Strbac, G. Microgrids and virtual power plants: Concepts to support the integration of

distributed energy resources. Proc. Inst. Mech. Eng. Part A J. Power Energy 2008, 222, 731-741.

. Kieny, C.; Berseneff, B.; Hadjsaid, N.; Besanger, Y.; Maire, J. On the concept and the interest of virtual power plant:

Some results from the European project Fenix. In Proceedings of the 2009 IEEE Power & Energy Society General
Meeting, Calgary, AB, Canada, 26—30 July 2009; pp. 1-6.

. Lombardi, P.A.; Sokolnikova, T.; Styczynski, Z.; Voropai, N. Virtual Power Plant Management Considering Energy

Storage Systems; Elsevier: Amsterdam, The Netherlands, 2012; Volume 45, pp. 132-137.

. Palizban, O.; Kauhaniemi, K.; Guerrero, J. Microgrids in active network management—~Part I: Hierarchical control,

energy storage, virtual power plants, and market participation. Renew. Sustain. Energy Rev. 2014, 36, 428-439.

. Paternina, J.L.; Trujillo, E.R.; Anaya, J.P. Integration of Distributed Energy Resources Through a Virtual Power Plant as

an Alternative to Micro Grids. An Approach to Smart Grids. In Proceedings of the 2018 Congreso Internacional de
Innovacion y Tendencias en Ingenieria (CONIITI), Bogota, Colombia, 3-5 October 2018; Volume 2018, pp. 1-7.

. Braun, M. Virtual power plant functionalities: Demonstrations in a large laboratory for distributed energy resources. In

Proceedings of the CIRED 2009-20th International Conference and Exhibition on Electricity Distribution-Part 1, Prague,
Czech Republic, 8-11 June 2009.

Barragan, L.A.A.; Trujillo, E.R.; Santamaria, F. Agente Integrador de Recursos Energéticos Distribuidos como Oferente
de Energia en el Nivel de Distribucion. Ingenieria 2017, 22, 306.

Wang, X.; Liu, Z.; Zhang, H.; Zhao, Y.; Shi, J.; Ding, H. A Review on Virtual Power Plant Concept, Application and
Challenges. In Proceedings of the 2019 IEEE Innovative Smart Grid Technologies—Asia (ISGT Asia), Chengdu, China,
21-24 May 2019; Volume 2020, pp. 4328-4333.

Raab, A.F.; Ferdowsi, M.; Karfopoulos, E.; Unda, |.G.; Skarvelis-Kazakos, S.; Papadopoulos, P.; Abbasi, E.; Cipcigan,
L.; Jenkins, N.; Hatziargyriou, N.; et al. Virtual Power Plant Control concepts with Electric Vehicles. In Proceedings of
the 2011 16th International Conference on Intelligent System Applications to Power Systems, Hersonissos, Greece,
25-28 September 2011; Volume 2011, pp. 1-6.

Pudjianto, D.; Strbac, G.; Boyer, D. Virtual power plant: Managing synergies and conflicts between transmission system
operator and distribution system operator control objectives. CIRED Open Access Proc. J. 2017, 2017, 2049-2052.

Rathor, S.K.; Saxena, D. Energy management system for smart grid: An overview and key issues. Int. J. Energy Res.
2020, 44, 4067-41009.

Aldegheishem, A.; Bukhsh, R.; Alrajeh, N.; Javaid, N. FaaVPP: Fog as a virtual power plant service for community
energy management. Future Gener. Comput. Syst. 2020, 105, 675-683.

POSITYF Project. 2021. Available online: https://posytyf-h2020.eu (accessed on 26 October 2021).

Definition and Specification of DVPP Scenarios: Deliverable D1.1. 2021. Available online: https://posytyf-
h2020.eu/news-and-events/definition-and-specification-of-dvpp-scenarios-deliverable-d1-1-is-completed (accessed on
26 October 2021).

Pudjianto, D.; Ramsay, C.; Strbac, G. Virtual power plant and system integration of distributed energy resources. IET
Renew. Power Gener. 2007, 1, 10-16.

Lombardi, P.; Powalko, M.; Rudion, K. Optimal operation of a virtual power plant. In Proceedings of the 2009 IEEE
Power & Energy Society General Meeting; Calgary, AB, Canada, 26—-30 July 2009; pp. 1-6.

Morais, H.; Kadar, P.; Cardoso, M.; Vale, Z.A.; Khodr, H. VPP operating in the isolated grid. In Proceedings of the 2008
IEEE Power and Energy Society General Meeting—Conversion and Delivery of Electrical Energy in the 21st Century,
Pittsburgh, PA, USA, 20-24 July 2008; pp. 1-6.

Pesantez, P. Planificacién Eficiente de Redes Inteligentes (Smartgrids) Incluyendo la Gestion Active de la Demanda:
Aplicacion a Ecuador. Doctoral Dissertation, Universitat Politecnica de Valencia, Valencia, Spain, 4 May 2018.

Zhang, X.; Li, J.; Fu, H. Distribution power & energy internet: From virtual power plants to virtual power systems. Proc.
CSEE 2015, 35, 3532-3540.

Zhou, K.; Yang, S.; Shao, Z. Energy Internet: The business perspective. Appl. Energy 2016, 178, 212—-222.

Zhu, Y.; Wang, J.; Wu, K. Open System Interconnection for Energy: A Reference Model of Energy Internet. In
Proceedings of the 2017 IEEE International Conference on Energy Internet (ICEI), Beijing, China, 17-21 April 2017,
pp. 314-319.

Yavuz, L.; Onen, A.; Muyeen, S.; Kamwa, |. Transformation of microgrid to virtual power plant—A comprehensive
review. IET Gener. Transm. Distrib. 2019, 13, 1994—-2005.



26.

27.

28.

29.

30.

31.
32.

33

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

Saboori, H.; Mohammadi, M.; Taghe, R. Virtual Power Plant (VPP), Definition, Concept, Components and Types. In
Proceedings of the 2011 Asia-Pacific Power and Energy Engineering Conference, Wuhan, China, 25-28 March 2011;
pp. 1-4.

Yu, S.; Fang, F; Liu, Y.; Liu, J. Uncertainties of virtual power plant: Problems and countermeasures. Appl. Energy 2019,
239, 454-470.

Zhang, G.; Jiang, C.; Wang, X. Comprehensive review on structure and operation of virtual power plant in electrical
system. IET Gener. Transm. Distrib. 2019, 13, 145-156.

Rahimiyan, M.; Baringo, L. Strategic Bidding for a Virtual Power Plant in the Day-Ahead and Real-Time Markets: A
Price-Taker Robust Optimization Approach. IEEE Trans. Power Syst. 2016, 31, 2676—2687.

Li, Z.; Shahidehpour, M. Security-Constrained Unit Commitment for Simultaneous Clearing of Energy and Ancillary
Services Markets. IEEE Trans. Power Syst. 2005, 20, 1079-1088.

Baringo, L.; Rahimiyan, M. Virtual Power Plants and Electricity Markets; Springer: Singapore, 2020.

Morales, J.M.; Conejo, A.J.; Madsen, H.; Pinson, P.; Zugno, M. Integrating Renewables in Electricity Markets. In
International Series in Operations Research & Management Science; Springer Science & Business Media:
Berlin/Heidelberg, Germany, 2014; Volume 139.

. FENIX Project n.d. Available online: http://www.fenix-project.org (accessed on 9 March 2020).

Binding, C.; Gantenbein, D.; Jansen, B.; Sundstrom, O.; Andersen, P.B.; Marra, F.; Poulsen, B.; Traeholt, C. Electric
vehicle fleet integration in the danish EDISON project—A virtual power plant on the island of Bornholm. In Proceedings
of the IEEE PES General Meeting, Minneapolis, MN, USA, 25-29 July 2010; pp. 1-8.

Aabrandt, A.; Andersen, P.B.; Pedersen, A.B.; You, S.; Poulsen, B.; O’Connell, N.; Ostergaard, J. Prediction and
optimization methods for electric vehicle charging schedules in the EDISON project. In Proceedings of the 2012 IEEE
PES Innovative Smart Grid Technologies (ISGT), Washington, DC, USA, 16-20 January 2012; pp. 1-7.

@stergaard, J.; Foosnaes, A.; Xu, Z.; Mondorf, T.; Andersen, C.; Holthusen, S. Electric Vehicles in Power Systems with
50% Wind Power Penetration: The Danish Case and the EDISON Programme. In Proceedings of the European
Conference Electricity & Mobility, Wiirzburg, Germany, 7-9 January 2009.

PowerShift Atlantic (PSA) n.d. Available online: https://www.nrcan.gc.ca/science-and-data/funding-
partnerships/funding-opportunities/current-investments/electricity-load-control-demonstration/4975 (accessed on 1 July
2020).

PowerShift Atlantic Project n.d. Available online: https://www.nbpower.com/en/about-us/projects/powershift-atlantic
(accessed on 1 July 2020).

PowerShift Atlantic Project (Final Report) n.d. Available online:
https://www.nbpower.com/media/1489367/nb_power_psa_en_outreach_report.pdf (accessed on 1 July 2020).

WEB2ENERGY Project n.d. Available online: https://www.web2energy.com (accessed on 3 March 2020).

Siemens, RWE Team Up to Develop Mass-Market Virtual Power Plant. 2015. Available online:
https://www.utilitydive.com/news/siemens-rwe-team-up-to-develop-mass-market-virtual-power-plant/409752 (accessed
on 15 July 2020).

Virtual Power Plant Next Pool. 2016. Available online: https://renewables-grid.eu/activities/best-
practices/database.html?L=0&detail=151&cHash=c70750afc3b6f44116b9db0b7bb1590 (accessed on 12 October
2020).

Next-Kraftwerke. 2015. Available online: https://www.next-kraftwerke.com (accessed on 2 November 2020).

Ju, L.; Li, P,; Tan, Q.; Tan, Z.; De, G. A CVaR-Robust Risk Aversion Scheduling Model for Virtual Power Plants
Connected with Wind-Photovoltaic-Hydropower-Energy Storage Systems, Conventional Gas Turbines and Incentive-
Based Demand Responses. Energies 2018, 11, 2903.

Distributed System Implementation Plan. 2018. Available online:
https://www.coned.com/-/media/files/coned/documents/our-energy-future/our-energy-projects/2018-distributed-system-
implementation-plan.pdf (accessed on 8 July 2020).

Consolidated Edison—Virtual Power Plant Project. 2016. Available online:
https://analysis.newenergyupdate.com/energy-storage/con-edison-pilot-15-million-virtual-power-plant-project (accessed
on 9 July 2020).

AGL Virtual Power Plant. 2017. Available online: https://arena.gov.au/projects/agl-virtual-power-plant (accessed on 12
November 2020).



48.

49.

50.

51.

52.

53.

AEMO—VPP Demonstration Program. PV Mag. 2019. Available online: https://www.pv-magazine-
australia.com/2019/07/31/aemo-opens-registrations-for-participation-in-vpp-demonstration-program (accessed on 14
March 2021).

National Program to Drive Virtual Power Plant Participation in Australia. PV Mag. 2019. Available online:
https://www.pv-magazine.com/2019/07/31/national-program-to-drive-virtual-power-plant-participation-in-australia
(accessed on 12 May 2021).

AEMO Virtual Power Plant Demonstration. AEMO. 2020. Available online:
https://aemo.com.au/-/media/files/electricity/der/2020/aemo-knowledge-sharing-stage-1-report.pdf?la=en (accessed on
17 March 2021).

Behi, B.; Baniasadi, A.; Arefi, A.; Gorjy, A.; Jennings, P.; Pivrikas, A. Cost—Benefit Analysis of a Virtual Power Plant
Including Solar PV, Flow Battery, Heat Pump, Case Study. Energies 2020, 13, 2614.

Simply Energy. 2020. Available online: https://www.simplyenergy.com.au/residential/energy-efficiency/battery-storage
(accessed on 10 November 2020).

ARENA. Simply Energy Virtual Power Plant (VPP). Available online: https://arena.gov.au/projects/simply-energy-virtual-
power-plant-vpp (accessed on 21 November 2021).

Retrieved from https://encyclopedia.pub/entry/history/show/46753



