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Massive deployment of Renewable Energy sources: a challenge for the power
system

The stability issues that Renewable Energy Sources (RES) generate in the power system constitute the
major barrier to their massive deployment. Indeed, in many power systems around the globe (such as
Ireland, Australia, or small islanded grids) ensuring system stability is the main bottleneck to further

integrate RES. A solution to overcome this is to increase the share of so-called dispatchable RES, i.e., the
ones which have a natural energy storage capacity (solar thermal or hydropower plants).

The concept of Dynamic Virtual Power Plant to support further RES integration

The main idea in the POSYTYF project is to group several Renewable Energy Sources (of both dispatchable
and non-dispatchable natures) into a systemic object called Dynamic Virtual Power Plant (DVPP) which
allows safe operation. The DVPP concept facilitates the integration of RES generators into the electrical
network by offering their combined flexibility (ramping up and down at short notice for frequency control),
internally balancing their fluctuations, and selling their aggregate generation output in the wholesale
market.

Compared to other already proposed Virtual Power Plants (VPP), the DVPP concept will jointly address:
>  the static power dispatch at single VPP level,

> the dynamic coordination of several VPPs to provide ancillary services to the system

> the attainment of an economic optimum.

The DVPP concept
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A multidisciplinary approach addressing both short-term and long-term
perspectives

The multidisciplinary approach of the POSYTYF consortium, combining expertise on power systems,
power electronics, automatic control and RES will allow to:

>  cover both the transmission and distribution levels

> investigate centralized vs decentralized control concepts for single device and VPP management

> address the specific stability issues associated to low inertia systems.



SCIENTIFIC AND TECHNICAL OBJECTIVES
OF THE POSYTYF PROJECT

1. Redefine structure and controls to allow a DVPP participate to ancillary
services

Implementing the general DVPP concept requires to coordinate dispatchable and non-dispatchable RES
(among themselves, and with conventional generators). Then, the aggregated DVPP appears to the grid
as a single dispatchable and fully controllable source, that can be optimized and contribute to ancillary
services.

To that end, the controls implemented for such services must be revised. The prevalent multi-layer structure
should evolve to become compliant with the DVPP concept. Also, the time scales of the controls should be
revisited to deal with the fast dynamics of most of the RES (interfaced with power electronics).

2. Redefine stability and propose methodologies for analysis and assessment

Stability definitions in present power systems rely on the notion of synchrony, ensured so far by the large
rotational inertia of synchronous generators. In case of high penetration of RES -which feature no physical
inertia-, other means will be required to ensure grid stability. Power electronics could be operated in grid
forming mode, i.e., like a voltage source, to contribute to grid stability. The DVPP can play a main role
in settling such new synchrony, through the development of specific controls, and of a new approach to
stability assessment that does not rely on grid frequency as main input.

3. Define how to aggregate DVPP objectives and actions compliant with the
split of the grid into transmission and distribution levels

RES are geographically distributed and feature small injections compared to those of conventional thermal
generators, but the sum of all these injections is important at the scale of the overall system. To include
them in a DVPP concept, methodologies to aggregate specifications of control are needed:

> On the one hand, the control actions should extend to voltage and transient dynamics. Indeed, in
presence of massive power electronics penetration, the fast operation of converters can lead to little
known and possibly unforeseen types of interactions. Such interactions should be considered not only
among the renewable energy sources of the DVPP but also with other external elements like, e.g.,
converters of HVDC links in the neighbor of the DVPP.

>  On the other hand, the amount of RES connected at distribution level being important, the DVPP
concept should include those generators as well. This means that the aggregation logic should cover
both distribution and transmission levels of the grid. Moreover, to physically apply the controls to
the RE generators, a disaggregation methodology of the DVPP controls should be proposed.

4. Propose models adequate to the multi-scale and coupling dynamics of the
new grids

To capture the time-scales and phenomena mentioned above, new models are needed. Indeed, hypothesis
of separation between voltage and frequency phenomena is no longer valid in the new context. Models
must be revisited both at simulation and control levels/purposes.

The control solutions based on synchronverters, which mimic by control the closed-loop structure of
conventional synchronous generators, rely on the well-mastered knowledge of synchronous generator
structures. But this is not mandatory, nor optimal. The DVPP should be considered at the most intrinsic
level, free of constraints which may limit optimality, and taking full advantage from the systemic view and
optimality.



5. Define the perimeter and required regulatory framework of DVPP to ensure
its economic viability

This should be done both for long-term and real-time:

DVPP resources portfolio should be optimized in function of availability of DVPP sources (related to
meteorological conditions and to maintenance/failure constraints), grid conditions and market prices. This
leads to a real-time redispatch tool which must assess both economic and security (N-1 stability) issues.

> Long-term optimality of the solutions should be analyzed, especially against solutions using
electrochemical storage.

Also, the DVPP perimeter may include RES connected to the distribution and the transmission networks,
which may raise regulatory questions. Clear business cases as well as proposals for regulatory evaluations
are necessary to support the deployment of DVPP models.

6. Prepare a DVPP implementationin two stages for TSOs, DSOs and generators
To prepare the implementation and deployment of the DVPP concept, solutions will be developed in 2
stages and for 2 contexts:

>  Solutions that are applicable today in the current regulatory framework and structure (ancillary services
only from plants connected to transmission grid);

> Near future scenario in which RES penetration will overpass the threshold to invalidate the classic
hypotheses of dynamic behaviour of interconnected power systems.

POSYTYF will therefore:

> Determine optimality criteria to define the perimeter/portfolio of DVPP both for long term and
real-time application

> Develop new controllers to allow RES to contribute to ancillary services ultimately enabling
system stability

> Test the developed solutions by simulation and Hardware in the Loop (HiL) on realistic scenarios
to validate the feasibility of the concept

> Define new business cases for the optimal operation and configuration of DVPP

> Propose regulatory recommendations to enable DVPP development and operation in
conjunction with the generators run in a classic way

>  Assess economic competitiveness of the DVPP compared with solutions combining variable RE
with electrochemical storage

> Propose new stability definitions and methodologies for stability analysis and assessment




WORKPLAN

The project is structured into 5 technical work-packages (WP), complemented
by 2 WPs dealing with project management, and the dissemination and
exploitation of project results.
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WP1 Scenario definition, system modeling and specifications for DVPP for
actual and future power systems

WP1, led by Universitat Politecnica De Catalunya, aims to define clear specifications, scenarios and models
which will be used throughout the project in all the different work packages. The specifications and system
requirements will consider actual and future concepts of virtual power plants (DVPP) employing different
RES, with different levels of penetration of renewable energy in the power system.

WP2 Generic design of DVPPs at the device level

WP2, led by Hochschule fir Technik und Wirtschaft Berlin, designs generic closed-loop models based
on dispatchable and non-dispatchable RE sources with the focus on the single power plant level and
RE-farm level, which portray relevant dynamical properties for grid stability studies. The controls of each
RES generator will follow real-time redispatch developed in WP5 to cope with unscheduled changes and
real-time references of the system-levels controllers developed in WP3 to ensure secondary level (ancillary
services) specifications of the DVPPs.

WP3 System-level ancillary services: centralized control, coordination and
interactions, global validation

This WP led by Ecole Centrale de Nantes investigates how to control and coordinate the individual devices
in a DVPP and several DVPPs at the transmission grid level (so-called secondary level) subject to their
individual constraints and so that their aggregated output to the grid provides ancillary services at all
temporal and spatial scales: from fast frequency response to voltage support, and from high-voltage
transmission grids to low-voltage distribution systems.



WP4 System-level ancillary services: decentralized control, stability and
regulation in case of future systems

WP4 is led by Eidgenoessische Technische Hochschule Zurich and treats in conjunction with WP3
decentralized control as well as the case of power systems with high RES penetration and low inertia (so-
called scenario b) in the sequel — e.g., Section 1). New definitions of stability and ways to quantify it are
investigated. The ancillary services — formulation and control to ensure them- are revisited in this context.
Finally, we assess the viability of our proposed DVPP ancillary service solutions in comparison to solutions
based on electrochemical storage.

WP5 Optimal operation and configuration of DVPP under uncertainty of non-
dispatchable RES

This WP, led by Universidad Pontificia Comillas will investigate how to configure, operate and redispatch
a DVPP optimally. The optimal operation is related to DVPPs business cases, which include among others
the provision of ancillary services and might involve multiple energy vectors such as electricity, gas, heat,
and water. Competitiveness, especially compared with solutions combining variable RE sources with
electrochemical storage will be proven. Regulatory proposals will also be made to facilitate DVPP insertion.

WP6 deals with the project management and coordination and is led by Ecole
Centrale de Nantes.

WP7 handles the dissemination and communication activities, as well as
exploitation of the project results, and is led by DOWEL Innovation.
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