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Integration between AlpStore models and AlpEnergy VPS models

The VPS model as defined by the AlpEnergy project: the management of the local RES
production and the electricity consumption

In the years 2008 to 2011, partners in France, Germany, Italy, Slovenia and Switzerland cooperated in the
project “AlpEnergy - Virtual Power Systems as an Instrument to Promote Transnational Cooperation and
Sustainable Energy Supply in the Alpine Space” under the European Territorial Cooperation Programme “Alpine
Space” (ETC-ASP) 2007-2013.
Renewable energy sources such as hydropower, solar and wind energy, wood and other biomass can
contribute to clean and climate-friendly local power production and provide business chances even in remote
locations. But opportunity to use them is limited by weak electricity grids in these areas which have not been
designed for this and thus are incapable of integrating high levels of remote power generation. Renewable
energy sources with a large potential, e. g. solar and wind energy generate electricity in an intermittent manner.
A part of these plants will not be located close to the consumers. Instead the plants will be settled in less
densely populated areas with little electricity consumption including offshore sites. This situation requires the
repowering of the power transmission system and the development of new storage and transport systems such
as batteries or the gas grid. This situation challenges the existing distribution system, which is designed to
provide electricity generated by a relatively small number of central power plants most of which operate a rather
constant output power and are situated on the transmission grid and close to the main centres of electricity
consumption.
The Virtual Power System (VPS) model aims to create solution to these problems through the management and
control of the local energy balance of both power generation, the Virtual Power Plant made by many different
renewable sources (RES) power plants, and consumption, the Virtual Power Load (VPL) made by the demand
side: the local energy market of private homes, enterprise and public facilities. Storage systems, smart meters
and energy manager systems have a strategic role to allow the operation of the VPS. In the AlpEnergy White
book, a VPS is defined as a system that integrates, manages and controls distributed energy generators and
storage capacities and links their technical operation to the demand of consumers and the energy market.

Figure 1 Concept of a Virtual Power System (Source AlpEnergy Giudelines for Regional Decision Makers and Practitioners)
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The main motivations for the development of a new concept such as VPS were:


To ensure the power balance between the generation and the load profile even in cases of dispersed
generation and renewable energy sources, which are typical characteristics of the Alpine energy
system;



to guarantee grid stability and resilience, i.e. prevent outages in the VPS, even if the grid as a whole is
down;



to reduce energy losses in the electricity grid;



to enhance the electric grid performance with regard to power quality and coordination of relaying cases
of dispersed generation.

The VPS concept implementation offers benefits to many local actors:


Grid operators can save costs of grid maintenance and extension, expand the market for electricity
towards heat pumps and electric vehicles, and better serve a liberalized market and bind their
customers.



New service providers could play a role for the development, set-up and operation of VPS at several
levels. They can provide prognoses for generation and consumption and actively manage flexibilities of
private, municipal and business consumers.



Established and new electricity producers can gain better margins by aggregating and selling their
power “just in time” on a liberal market or contributing to grid stabilization with other electric means. This
is important since existing guaranteed feed-in-tariffs will be cancelled altogether at some point.



Innovative researchers, developers and suppliers VPSs can find opportunities studying, developing and
providing the new required software and hardware components for VPS.



Electricity consumers can save money adapting their consumption to the situation in the systems, by
dynamic tariffs and bonus systems. They can become “prosumers”, i. e. produce power themselves and
sell and buy on the energy market, taking advantage of the new opportunities offered by VPS.



Public authorities are enabled to reduce the energy costs for their own facilities, and they can benefit
even more by promoting and applying VPS and thereby improving their location factor and serving for
continuous welfare in the local society.

Operating at local level, the VPS could be seen as a part of a smart grid at low voltage level.
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Figure 2 Example Virtual Power System as a part of Smart Distribution Grid

A VPS links and balances generation and consumption of power in a defined subset of the entire (smart) grid.
The spatial extension of a VPS may vary from very small settlements to entire countries. The elements forming
a VPS can be concentrated in one zone or spread over a larger area, they can determine the whole electricity
supply and consumption of an entire zone or only the electricity generation in, and consumption of, a few
facilities within an area.
Electric vehicles (PHEV, PEV) will play a role in the future energy system; their batteries and charging stations
may or may not belong to a VPS. In any case they have a hybrid role: being a power consumer, their load
process can be controlled to balance availability of volatile sources, being an energy provider, they can feed
energy from their batteries into the grid when needed.
The VPS may include energy storage units for improving its performance with regard to synchronizing electricity
generation and consumption. Storage units in the usual sense convert electricity after it has been
generated/transformed into another form of energy (chemical, rotational, pressure, etc.), store the energy in that
other form, and reconvert it into electrical energy. Two other forms of storage options can be identified along the
energy conversion and use chain:


Storage of energy before conversion into electricity, e.g. in the form of biomass or water in Barrages;



Storage of energy service (e. g. heat generated by heat pumps, cold generated by cooling devices,
energy in PHEV batteries read to drive a vehicle) after provision by electricity.
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While some projects, such as the ones settled in Mantova and Aosta experimented with storage, AlpEnergy was
not meant to fully exploit the potential of batteries, biomass and other technologies.
The VPS characteristics are:


Geographical extension: large or limited to a community or region.



Geographical compactness of considered area: a connected area does not have grid lines crossing a
neighbouring area for connecting two points within the area; opposed to this, a disconnected area is
either composed of different disconnected parts or formed such that grid lines crossing neighbouring
areas for connecting two points in the area cannot be avoided – practically this implies grid use fees to
be paid to a different grid operator.



Size of generation units involved: either medium (typically a few 100 MW) or small (from a few kW to a
few 10 MW).



Size of loads which are controlled: either large (e.g. large loads in industry) or small (e.g. loads in trade
or households).



Storage: this concerns only storage of electrical energy in the narrower sense (see above); the most
used storage technology is pumped-water storage, other technologies comprise compressed air,
flywheels, batteries, super-capacitors, etc.



Communication system: all electric supply systems have communication systems; the distinctive feature
is in which part of the electric grid such communication systems operate and which kind of generators
or loads are connected to it.

A VPS requires both, electrical and electronic elements. Above all, a VPS has to include a robust ICT structure
that includes:


Embedded devices (AMI, IED) attached to all the VPS elements (DERs, loads and storages) that are
able to measure and impose all the necessary parameters such as production,



consumption, weather parameters, device status parameters, power quality parameters, etc.



Control centre(s), centralized or local depending on the system size and architecture, able to process all
the data from the field devices, apply advanced optimization algorithms to achieve the best system
efficiency and control appliances.



Communication infrastructure, able to provide secure and reliable communication between control
centre(s) and embedded devices as well as local communication between embedded devices and field
devices.



Interface to the rest of the power system.
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Figure 3 VPS data management to balance generation and consumption (Source AlpEnergy project, B.A.U.M. Consult based on
the VPS Allgäu architecture)

The AlpStore concept: storage solutions to increase the local energy balance between RES
production and consumption, including sustainable mobility

Generally speaking the introduction of energy storage systems (ESS) into the electric network is aimed to
control the variations of instantaneous power load as it allows to smooth power peaks typical of stochastic users
and producers. This approach brings three main advantages for the electric energy system: the increase of the
system efficiency (i.e. energy saving), the increase of potential installed power for RES plants, and a steadier
and reliable management of the electric energy. However, the introduction of ESS needs to be evaluated and
designed time by time, according to the framework in which they are planned and implemented.
In recent years the European countries and the Alpine Space regions have been characterized by a large
increase of distributed power production from RES. As a consequence, the electricity network is, in many cases,
subjected to critical working conditions.
Some constraints of the electricity network are due to its physical features such as: the cable size, the mesh of
the grid, the distance between the areas of energy production and consumption etc... For instance, in Italy, the
distributed power generation often involves the transmission of the electric power from the peripheral areas of
the grid, which often lack of a correct sizing of the cables.
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Energy production from RES is mainly not programmable, and is characterized by high power values compared
to the average amount of energy produced in one year (e.g. in Italy the number of “equivalent working hours” for
a renewable energy plant does not overcome, typically, 1.600 h/year for photovoltaic plants). This means that
the network has to cope with inlet power peaks that may occur when the energy demand is low (e.g. on holiday
days). In these situations, in order to ensure the security of the network and balance power demand and offer, it
is often necessary to limit the input of electric power from large programmable power plants. Not only, the
production from renewable sources may vary rapidly as weather conditions (sun irradiation, wind speed)
change. As a consequence, a certain number of plants ready to assure their power input to the network in few
minutes are required. For this purpose, in Italy, several generators are kept in standby (typically gas turbines
running in idle conditions with a consumption of about 20% of the design condition) causing large inefficiencies
in the electric system.
As a result, the installation of new renewable plants in many areas has been constrained, as they would
constitute new elements of disturb.
Winding up the national and local electric power system presents today some criticalities that are resumed in
the following:


overloaded portions of the network;



difficulty of accepting new installations of plants exploiting renewable sources;



need for conventional plants always in idle.

The penetration ESS in the energy system represents a potential solution described above. An effective
implementation and management of ESS requires intelligent nodes constituted by “smart devices” interacting
with the users, the stochastic energy source and the network storage system. The local intelligence shall allow
the smoothing of the load diagram of each node, providing power variations as low as possible. Optimization
algorithms need to be defined for each user basing on the historical data and on the real-time measurements, in
order to allow the satisfaction of the requirements with the lower possible cost. Electric Vehicles (EVs) can be
seen as a form of mobile storage and sustainable mobility. With a correct management system EVs can play an
important role in balancing energy supply and demand.
In this context ICT plays a critical role. Through a proper ICT structure, the nodes (smart devices) will
communicate with each other and with a central control unit; the latter will be able to interact with the nodes
modifying the operational parameters of each of them if necessary. The electricity network, originally sized as a
distribution network, must become an interactive network, needing to be integrated by a parallel communication
network for the management and the real-time elaboration of information.
Criticalities are foreseen due to the introduction of dissipative elements: a storage installed on an energy chain
may sometimes penalize the global efficiency.
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Figura 5 - The MT/HV station of Villeneuve (Aosta Valley, Italy)

Figura 6 - Smart grid structure
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The integration: RES, ICT management, storage, mobility in a local perspective

The AlpEnergy model and AlpStore concepts are strictly connected: AlpEnergy model needs storages to
increase the level of control of the VPS, and has as target local user that represent the VLS side. AlpStore
studies in depth the storage technologies and their possible applications with RES plants and, consequently, in
a VPS. It also explores the connection between RES power and local sustainable mobility: the VPS could be the
managing answer.
Below, the AlpStore partners that have also taken part in the AlpEnergy project developing a pilot activity in their
regions, describe their project idea of integration of the two models, considering their technological and
economical requirements, goals, opportunities and constrains.
Biogas, electricity, hydrogen are at the same time fuels for sustainable vehicles and energy carrier that can be
stored with appropriate equipments, on board of many vehicles or in stationary storages, located near the
renewable energy sources plants, or near the charging stations, or in a different place connected by VPS and its
communication system.
In a local perspective the implementation of ESS has to be planned according to the characteristics of the
energy production and consumption system, the transmission and distribution network, the local energy policy
and the territory. Within the Alpine Space regions these characteristics may broadly drift apart from the national
ones.
Using a bottom-up approach the role of ESS may be double. A first objective regards small energy users and
producers (LV users) aimed to decrease power load peaks while maintaining the same energy consumption
level. In this case, small size storage systems can be considered. These storage systems, sized on the basis of
the single users, will have a sufficient capacity to smooth the load diagram with time constants of some hours.
The storage may be provided both for one-way users (consumers) and for two-way users (consumers and autoproducers). Each user will require a lower exploitation the network, as the power peaks are limited by the
storage.
A second objective may be defined at a larger scale (e.g. regional scale, MV level) and it should be aimed at
managing the energetic dynamics of a part of the territory by operating directly to MV and HV production level.
The Alpine regions are often characterized by the large presence of renewable power production (e.g. owing to
the presence of hydro-electrical basins). In these cases, the energy storages need to be sized on a larger scale,
both in terms of capacity and of time constants. However, the advantages would be the same as the previous
point. The presence of small distributed storage systems (LV) is strategic also in view of the second objective,
as allows smoothing the loads and making the demand diagram more homogeneous for one portion of the
territory.
Electric Vehicles can be thought as mobile ESS that are exploited, in addition to the stationary storages, to
smooth the electric load diagram. In this case the nodes of the network are constituted in large part by the
connection stations for the electric vehicles batteries loading, which can be either connected to a public network
or to private households. An example of initiative that may be applied locally involves the construction of a
demonstration mini-park of zero-emission vehicles for light transport.
The network will therefore be subjected to more homogeneous energy demands and the interaction among the
low voltage and high voltage nodes will be characterized by lower power values and lower power rises and
drops. The medium voltage network, at its turn, will interact with the high voltage one with a less disturbed
dynamics.
Finally, on a local scale, the advantages coming from a bottom-up approach are:
The increase of the amount of renewable energy (stochastic source) that can by hosted by the energy system;
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The lightening of the network LV, MV and eventually HV network load.
Increase of local RES self-consumption
The achievement of local energy and environmental targets
The implementation of specific initiatives and tools on the territory that pursue the policy targets

The evaluation of the main effects generated by a massive penetration of storage units in the local energy
system may be assessed by the aid of simulation engineering. The numerical simulation and the possible
experimental tests will determine the strengths and weaknesses in energetic and economical terms of the
various technologies tested.
Because of the peculiarity of EES any initiative and measure locally planned and implemented should be
strongly based on the characteristics of the local context and designed according to the results of consistent
numerical simulations.

The AlpEnergy VPS pilots (of Mantua and Aosta) as bases to integrate and manage an electro
mobility network of charging station connected with and feeded by PV plants.

The St. Denis VPS Project (AOSTA)
Within the ALP Energy project a Pilot Project has been implemented in the village of St. Denis in the Aosta
Valley. The project simulated the behavior of a VPS energy system comprising users provided by a small size
storage and intelligent energy production and load management. An import requisite for the implementation of
this system has been the active cooperation among public services, independent power producers and
consumers. The following image illustrates the Pilot Project architecture, highlighting the inter-connections
between the monitoring and control subsystems.

The storage had the main function of “peak shaving”, thus through a smart management it allowed to reduce the
peaks of electric request and production by RES plants, contemporarily reducing the stresses on the distribution
network. From this a more homogeneous and efficient electric delivery is obtained, decreasing disturbs towards
the network and increasing its security and overall efficiency. Users need to be involved in the technologies
management, and need to be provided with easy instruments and solutions. Through the test carried out, it
resulted clear that users may be encouraged, with good results, to play a more active role in the energy system.
The system includes, for each user, the presence of control and monitoring units for the energy production and
consumption, of a RES energy generator (e.g. PV), of an electric storage.

Starting from this model, a further upgrade of the system consists in the addition of electric mobility, with the
introduction of an electric vehicle within the VPS above described. In fact, each electric vehicle has an energy
storage that may be used to balance the energy production and consumption. However, this aspect
presupposes a careful analysis, qualitative and quantitative, of the phenomenon, since the electric vehicle may
also behave as a disturb (e.g it may require energy for loading during the night, when PV fields are not active,
while it is not connected to the network during the day being usually in use)..
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Therefore, for an effective management, the following data need to be considered: the loading mode, the
management of the vehicle, the user storage, the hourly constraints (e.g. indicating when the battery can be
used and when instead it has to be loaded). The increase of the storage of the system may lead to a better
smoothing of the electric loads, as long as a correct evaluation of the vehicle use is carried out. Under these
premises the VPS can be extended from the residential node to a public electro mobility network and can bring
significant benefits to the electric systems.

Figure 7 – St. Denis Pilot Project Architecture

The Mantova VPS Project
The VPS pilot developed in Mantova during the AlpEnergy project connected PV and biogas plants to local user
– a school - monitoring the energy balance each 15 minutes and simulate a feedback action to respect the
expected balance elaborated the day before based on weather forecast. The biogas storage and the modulation
of the biogas engine were the key elements for the regulation of the VPS. Plants and users were located in a
municipality and the system operated on the low and medium voltage grids.
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Figure 8 – Mantova VPS Project Architecture in AlpEnergy

Following this model, in AlpStore pilot in Mantova users will be electric vehicles, with their charging station
equipped with an electrochemical battery, while the RES plants will be in particular PV plants located in province
of Mantova. The idea is to use the battery to store during the day the electric energy produced by PV
inconsistently to charge with constant power rate the EV, also during the night, when solar production stops, to
ensure the renewable energy supply.

The architecture of the model depends by several factors:


Target types of EV



Size of batteries to charge



Number of simultaneously rechargeable EV



Required/available time to charge the EV batteries



Size and technology of the stationary batteries



Numbers and power of PV plants
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Figure 8 – Mantova VPS Project Architecture including EV charging station and storage in AlpStore

Stationary and mobile storage connected with pv plants and home consumptions in the Allgäu
VPS
The underlying question that was to be answered within the context of AlpEnergy was whether and if, in how far
it is possible to timely adapt the consumption to the local generation by means of price incentives and improved
information. In fact, an implementation plan for a model VPS Allgäu (VPSA) was developed, which was created
and examined during the field test in the year 2011. The Virtual Power System Allgäu (VPSA) was a regional,
virtual network of decentralized generators and decentralized loads. The aim of the operation in the system was
to balance production and consumption economically sensible, efficiently and climate friendly. One task of the
AlpEnergy project analyzed under which conditions such a VPS can be realized.
In order to achieve a balance between energy production and consumption in a long term perspective, the
energy generation units should be controlled as well. However, the focus of the pilot project was set on the
consumption side clearly. Demand Side Management-measures such as innovative pricing models and inhouse automation are to adopt consumption to generation. From the technical side, this required a series of
actions and developments. First of all, smart meters allowing for the visualization of individual consumption
patterns and performance of the customers had to be installed in the reference customers’ homes. By the
transmission of data to a data management system (middleware) functions via wired or wireless connections.
Then, the data can be prepared for the customers, for example for the online customer platform. To manage the
data efficiently and to be able to integrate that data, the middleware has to be enabled to gather data from
meters of different manufacturers.
The prepared data from the middleware is sent to the VPS Management System that serves to control
consumption and generation and balance them. From a technical perspective, the installation of smart meters in
the test households is required. As a result, the consumption becomes transparent for the individual costumers.
In order to successfully administer and integrate the smart meter data into the processes of the VPSA, a
middleware neutral to all meter suppliers was to be developed and installed. The smart meters are, therefore,
able to send their data on consumption and load to the middleware called meter data management system via
cable or wireless connection. An online platform enabling communication between utility and consumers was to
be realized, too. Furthermore, prognosis tools, which take into account exogenous factors and are capable to
calculate generation and consumption on a daily basis, on generation as well as on consumption, had to be
made available. By means of these prognoses, schedules for generation units as well as the demand side
management can be calculated. The demand side management concept required the development of
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intervention models incentivizing the necessary load shifting. Feedback instruments, direct control options,
smart home components and innovative price models had to be decided upon.

Fig. 1 ICT architecture of the VPS pilot
To implement the interventions, a management system for the whole VPSA had to be designed that can
activate the direct control of household appliances, transmit price incentives and feed the billing system of the
AÜW with the necessary information to deal with the new tariff schemes.

Generally answers for the following questions were to be found:
1. Which sorts of hardware and software can already be applied for the realization of a VPS?
2. How and to what extent can energy savings in general as well as load shifting be achieved?
3. Which tariff- or non-tariff-measures can create incentives for customers to change their behaviour?
4. Should the AÜW continue to research and develop VPS-concepts? Are the surrounding conditions enabling
a VPS and if not, how must they change to allow for a sustainable realization of a VPS in the Allgäu?

Results of AlpEnergy and integration in AlpStore model
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1. In fact the system worked in the field test 2011, however it was deactivated after end of the project. The
reason of the deactivation is that the technology fast moving is and therefore it doesn’t make sense to
maintenance this system.
2. All the data evaluated in AlpEnergy indicate that the pilot customers saved in the pilot phase 2011 2-3%
of energy in comparison to their measured daily loads in 2010 and to their mean consumption during
the years 2007-2010 (determined via invoicing). Therefore we will not pursue this approach for the
AlpStore project.
The load shifting potentials due to “saving zones”, however, were detected between 1% and 2%. One
has to be aware that only information and feedback mechanisms do not suffice to incentivize load
shifting. This approach is pursued in AlpStore
3. The experience has shown that customers prefer only simple constructed system (to be able to
schedule, simple, e. g. fixed defined “saving zone” from 11 to 15 o’clock) and not tariffs that every time
change. The point 2 involves that the customer are willing to consume the energy in another time, but it
is just in decreasing degree of 1-2% by private customers possible. However we are recognizing in
Germany that the customers shift the energy very well if they produce their own energy (photovoltaic
production) on their own roof. The incentive to be independent from the utility companies and the
financial incentive from the political site are more interesting for the customer than dynamic electricity
tariffs with low €-value. This approach is pursued in AlpStore.
Yes, in any case there needs to be further researched, because the integration of renewable energy sources is
becoming increasingly important e. g. project IRENE. As in point 1 described, it's make no sense to pursue an
old system. The research is ongoing on new technological models.

Integration of biogas service stations in the Mantua’s VPS in order to feed public vehicles or
private agricultural vehicles with biogas

The possibilities for the use of biogas are: cogeneration in engines or turbines to produce power and heat near
the biogas storage, distribution of bio-methane into the gas grid, distribution near the storage to biogas vehicles.
In Italy actually only the first possibility is applied, because of the lack of applicant rules and decrees that allow
the other choices.
The situation is too complex to obtain concrete results and pilot applications within the AlpStore project duration,
but it’s important to explore and understand in depth the technical and economical feasibility in particular for the
sustainable mobility application. The idea to use the biogas to feed EV gives two different important
opportunities: for agricultural vehicles or for public transports vehicles. During the project a complete analysis of
the situation in Mantova about the use biogas for mobility will be done. Local and national experts and
stakeholders will be involved: Italian Biogas Consortium, Province of Mantova and the local public transport
company APAM, agricultural associations, in order to understand possibilities, opportunities, constrains, barriers
and possible solutions. The use of biogas for mobility and for the gas grid could avoid the local cogeneration,
increasing the possibility to use the gas in bigger and more efficient plant, transporting the biogas to the users
both for thermal and electrical use, increasing the possibility of regulation of the VPS.
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Figure 9 – Mantova VPS Project Architecture including biogas service station
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