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Virtual Power Systems for the Alpine Space
Mankind is confronted with a serious challenge: How shall we continuously supply 7 billion people
with save and affordable energy? Fossil energies are running out and the confidence in the safety
of nuclear power plants is declining in many societies. Use of energy may be bound to high prices
and limited access can become a threat for welfare and peace. Joint international efforts searching for sustainable solutions to make optimised use of our resources are required – whether they
focus on the integration of renewable sources of energy or the optimisation of the existing infrastructure for energy supply.
As a matter of fact, the increase in electricity costs is about to further deepen existing territorial
discrepancies in the Alpine Space. However, the rich endogenous renewable energy sources
such as hydropower, solar and wind energy, wood and other biomass offer an opportunity to
overcome this problem. They can contribute to clean and climate-friendly local power production
and provide business chances even in remote locations. But the opportunity to use them is limited by weak electricity grids in these areas, which are incapable of integrating high levels of remote power generation.
Partners in France, Germany, Italy, Slovenia and Switzerland set out to contribute viable solutions to those challenges. In the years 2008 to 2011, they ran 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.
A final guideline for decision makers and practitioners as well as other valuable results of the AlpEnergy project are available from the project website www.AlpEnergy.net.

Challenges and Constraints
The need to limit climate change implies that global greenhouse gas emissions must be quickly
and significantly reduced, including a quick and strong reduction of CO2-emissions from fossil
electric power plants. Most energy efficiency and saving measures and some renewable energy
technologies (e.g. wind power) are already competitive with the more expensive unconventional
fossil energy and the others are expected to be soon. In order to generate a sustainable energy
system, applying energy efficiency and saving measures as well as a shift towards renewable
energy sources are the only options and must be implemented in the next decades at the latest.
Renewable energy sources with a large potential, e. g. solar and wind energy provide electricity
in an intermittent manner. A part of these plants will not be located close to the consumers, but
rather in less densely populated areas with little electricity consumption including offshore sites.
That requires the repowering of the power transmission system and the development of new
storage and transport systems such as batteries or the gas grid. Further, electricity will be provided by a large number of distributed PV and wind power plants as well as small combined heat
and power stations. This situation challenges the existing electricity distribution system which, is
designed to provide electricity through a relatively small number of central power plants most of
4
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which operate a rather constant output power and are situated on the transmission grid and close
to the main centres of electricity consumption.

Virtual Power Systems
The concept of managing distributed intermittent power generation and consumption in general is
often referred to by the term Smart Grids. This concept aims towards efficiently integrating the
behaviour and actions of all participants connected to it — generators, consumers and those that
do both — in order to ensure an economically efficient, sustainable power system with low losses
and high quality and security of supply and safety.
Various attempts to better manage the entire power
A Virtual Power System (VPS) intedistribution system try to adopt patterns known from
grates, manages and controls distributed
nature where the principle of systems of systems preenergy generators and storage capacivails. An example would be a tree with its branches,
ties and links their technical operation to
twigs, leafs and cells. On every level, these elements
the demand of consumers and the enertake care of their energy and material balances. Algy market.
pEnergy set out to develop and test a concept that
AlpEnergy White Book on VPS
balances power generation and consumption in subsets of the entire system. To that end, the consortium of energy and ICT as well as regional development and marketing experts described a new concept of managing the power systems.
Such Virtual Power Systems (VPS) extend the known concept of Virtual Power Plants (VPP) and
add similar methods on the consumption side. With Demand Side Management, the VPS controls
the so called Virtual Load Plant (VLP) and tries to balance both sides of the scale.
In a very early phase of the project, the AlpEnergy consortium published a White Book to describe the Virtual Power System (VPS) concept. In the 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. While the definition does not restrict the VPS concept to renewable energies, the pilot projects put a lot of emphasis on the incorporation of resources such as biogas, PV and wind. In the sense of a VPP,
they have been balanced against each other and further power sources such as hydropower or
gas driven CHPs. Furthermore, using latest ICT and storage technologies, the demand side, i. e.
private homes, enterprise and public facilities, were urged to adapt to the availability of power
from the VPP.

Opportunities and benefits
While the energy and climate situation induces considerable stress and threats to decision makers in regional authorities and enterprises, new technologies offer vast opportunities for local value added and sustainable business cases. First of all, keeping an as big as possible part of the
value chain on local level increases income and welfare in the region. With rich endogenous and
renewable energy resources, the Alpine Space should be able to benefit from this principle at
large. Deploying the VPS concept offers benefits to a huge part of the regional society:


Grid operators and utilities can safe costs of grid maintenance and extension. They can ex5
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pand the market for electricity towards heat pumps and electric vehicles. And they can 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.



VPSs require new software and hardware components, thus creating vast opportunities for
innovative researchers, developers and suppliers in the Alpine Space.



Electricity consumers will benefit as well. If they are prepared to adapt their consumption to
the situation in the systems, they can benefit directly from dynamic tariffs and bonus systems.
If they want to become “prosumers”, i. e. produce power themselves and sell and buy on the
energy market, regional VPS opens up new opportunities for them.



After all, public authorities are the beneficiaries of the VPS concept. Not only are they enabled
to reduce the energy costs for their own facilities, they can benefit even more by promoting
and applying VPS and thereby improving their location factor and serving for continuous welfare in the regional society.

The AlpEnergy project
AlpEnergy aimed at the analysis and the modelling, the design and development, the demonstration and test, and the evaluation and transfer of Virtual Power Systems (VPS) in six distinct areas
of the Alpine Space: the Allgäu region in Bavaria (Germany), the Autonomous Region Aosta (Italy), the Province Belluno (Italy), the Belledonne chain area in the region Rhône-Alpes (France),
the region of Gorenjske (Slovenia) and the City of Mantova in the Lombardia region (Italy). Partners have been:
Allgäuer Überlandwerk, Public Power Utility Allgäu Ltd.
Allgäu GmbH
Autonomous Region of Aosta Valley
B.A.U.M. Consult GmbH
Consorzio BIM Piave Belluno
Elektro Gorenjska, distributor of electrical energy
Grenoble Institute of Technology
Province of Mantova
Regional Agency for Energy and Environment in Rhonealp Region
Regional Development Agency of Gorenjska / Business support centre d.o.o.
Technical Foundation of the University of Milano
University of Lugano, ALaRI - Advanced Learning and Research Institute
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Source: AlpEnergy
Fig. 1 AlpEnergy Partnership
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1 The Project’s Story
The utility company Allgäuer ÜberMichael Lucke, AÜW:
landwerk GmbH (AÜW) set ambitious
goals for itself that are to be achieved
„By taking part in Alin the year 2020: They strive to further
pEnergy, we were able
expand their role as a cutting-edge
to test innovative apcompany within the energy industry
proaches in real life
constantly oriented towards innovaconditions, to gain extion. The company’s customer focus
periences in new maris to be continuously improved by a
ket fields and to, thus,
wider selection of products and serbuild up know-how.”
vices for the costumers to choose
from and by enabling a more transparent power consumption in general.

1.1 Background Information and the Project’s Aims
The first wind turbines in the region were installed 2000 B.C. and since the region enjoys high
levels of sunshine, photovoltaic systems are increasingly deployed nowadays.
A study, which the AÜW commissioned to the Fraunhofer Institute for Solar Energy Systems in
Freiburg in 2007, was called „Potentials of renewable and efficient energy generation in the Allgäu“ (PEESA) and revealed a high, yet untapped potential for the further construction of renewable generation plants. Generation Plants making use of solar and wind energy offer the
most promising potentials.
The integration of the newly accessed potential challenges the capacity of the regional distribution grid. The fluctuating supply of renewable energy sources requires a temporal balance between production and consumption. First of all, the PEESA study analysed the potential energy –
The time of production and the co-occurring production and consumption were not considered in
the study. After the evaluation of the study, the AÜW GmbH and the Allgäu GmbH – Society for
Location and Tourism (until 2009 Allgäu Initiative GbR) decided to participate in international and
national innovation projects with respect to energy, in order to gain more detailed knowledge
about the availability of energy from renewable sources and about the time of power consumption
of private and business customers. The participation in research projects helped to gather first
experiences in the system transformation from centralized to a decentralized power supply and
with accordingly changing business opportunities. The know-how obtained on the integration of
renewable energies should be intensified by pragmatic and regional field trials, in which the technical solutions to the pending challenges can be tested.
The AÜW’s activity in the AlpEnergy project can be understood within this context. By taking part,
the foundations for the transition of the current energy system to a Virtual Power System are to
be laid. The first pilot experiment in the Allgäu with smart meters enabled actual experiences with
reference customers and served to derive useful results for the AÜW regarding the energy transi-

11

Allgäu Case Study

tion. Partners from industry and economy (such as meter manufacturers, data consolidation
companies, billing services, smart home developers) collaborated with academic partners (RWTH
Aachen, University of Applied Sciences Osnabrück, University of Applied Sciences Kempten) in
order to plan, prepare and implement the field test. The accordingly formed National Technology
Support Cooperation (NTK) enabled the implementation of the AlpEnergy project, see figure 2.
In addition, a Regional Advisory Council was formed, taking over the role of the “door opener”
and multiplier. The Advisory Council includes representatives and decisions makers of local authorities and tourism next to energy experts. The support of the advisory council increased the
importance of the Project’s contents, which were presented to an intersectoral, regional or supraregional public.
During the project’s lifecycle, structures within the AÜW as a company changed and new structures were created. In fact, a department for projects and product innovations was embedded in
the organization structure of the company.

Fig. 2

The Allgäu consortium for the AlpEnergy field test

1.2 The Masterplan
An immediate result of the AlpEnergy program presents itself in the masterplans that were developed for each region taking part. The Allgäu‘s masterplan describes the long-term path of development (2010 until 2030) from a conventional energy system to a system of maximum integration
of solar- and wind-energy-generation by means of a Virtual Power System concept. Major tasks
defined in the masterplan are to be fulfilled by the AÜW and its partners by 2030. Some of the
tasks are:


Further research on the potentials of solar and wind power in the Allgäu region



A structured rollout of smart meters within the region, the AlpEnergy field test is meant to
be the starting point

12

Allgäu Case Study



Identification and implementation of several business models



Shaping and supporting electric mobility in the Allgäu region



Several other tasks

The masterplan is based on a SWOT-analysis, which highlights drivers of and barriers for the
implementation of a VPS in the Allgäu. These findings are then used to define a clear course of
action, which can in turn be embedded into the overall sustainability concept for the region. In
fact, the masterplan was shared with local authorities, firms, educational establishments and others. AlpEnergy served as a stepping stone on the way from a demonstration project to a comprehensive, regionally-balanced system of energy production and consumption.

1.3 Virtual Power System
„A Virtual Power System integrates, manages and controls distributed energy generators and
storage capacities and links their technical operation to the demand of consumers and the energy
market.”
AlpEnergy rendered the opportunity to study the applicability of the VPS concept for the Aosta
valley. A particular point of interest was to find a suitable energy system for the predominantly
scattered villages. The project is focused on monitoring and adapting electrical consumption and
forecasting the potential of generation from RES. With Virtual Power System technology developed in AlpEnergy, the region’s authorities want to create and test a simple and easily practicable
model to manage power supply in scattered habitat scenarios.
The tests are to discover potentials for a better management of renewable energies and for a
new concept of load management in such small villages.

1.4 The Implementation of the VPS Allgäu
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. The Virtual
Power System Allgäu (VPSA) is a regional, virtual network of decentralized generators and decentralized loads. The aim of the operation in the system is to balance production and consumption economically sensible, efficiently and climate friendly. One task of the AlpEnergy project is to
analyze under which conditions such a VPS can be realized.
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CONSUMPTION
1 GWh/a

PRODUCTION
1 GWh/a

Source: Allgäuer Überlandwerk GmbH

Fig. 3 The virtual power system Allgäu (VPSA); target:
energy balance of production and consumption

In fact, the VPSA was developed in cooperation with the National Technology Support Cooperative under the following basic conditions:


The VPS is dimensioned for a production and consumption of energy of 1 GWh each.



The VPS is exclusively focused on the optimization and increase of efficiency of electrical
energy.



Using scientific methods and opportunities, the VPSA will be optimized in order to balance
production and consumption in the best possible way, i.e. the production and consumption
curves will have to be brought in line as often and as much as possible.



All decentralized generation unit will be combined into a Virtual Power Plant, in order to
evaluate the existing mix of the renewable energies as well as their increasing share in the
energy mix in the future and development scenarios on the basis of PEESA study.



On the customers’ side, representative test customers were selected and involved in the
VPS. These consumers were combined into an average consumption profile (Virtual Load
Plant - VLP).



The research area includes the city of Kempten and the district Oberallgäu.



The framework deriving from energy economy and legal requirements necessary and
ignored for the current puropse.
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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 tha data, the middleware has to be enabled to gather data
from meters of different manufacturers.

VPS Allgäu
Geographic extent
of the model region

City of Kempten and district
Oberallgäu

Virtual Power Plant
(VPP)

A variety of regional, renewable power generation plants
that are mathematically calculated based on annual production of 1 GWh, proportionally to
the expected generation mix.
(A total of approximately 130
plants: PV systems, hydropower, wind energy and biomass plants)

Virtual Load Plant
(VLP)

258 residential and commercial
customers
(combined load: 1 GWh/a)

Storage capabilities

possibly electric vehicles

Type of grid in the
model region

Regional distribution grid

ICT-concept

Smart Meter with GPRS and
Power Line Communication,
energy management appliances

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 intervention models incentivizing the necessary load shifting. Feedback instruments,
direct control options, smart home components and innovative price models had to be decided
15
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upon.

Fig. 4 Symbiosis of prognosis, intervention and management within the VPS
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:


Which sorts of hardware and software can already be applied for the realization of a VPS?



How and to what extent can energy savings in general as well as load shifting be achieved?



Which tariff- or non-tariff-measures can create incentives for customers to change their behaviour?



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?

The course of the field tests is described in chapter 2.

1.5 Load Shifting Potentials of Commercial Customers
One part of the project schedule was a study on the load shifting potential of regional commercial
16
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customers conducted by B.A.U.M. Consult. The study was to shed light on the question, whether
the introduction of the new market role “aggregator” has any chances in the Allgäu and to find
potential commercial pilot-customers for the field test with a technically available load shifting
potential that can already be operated economically. The role of the aggregator derives from the
transition of the energy system and serves to combine small amounts of energy into tradable energy products. These small amounts of energy can be made up of either decentrally generated
energy or flexibility in consumption of mainly commercial, but also household customers. The
customers’ flexibilities can be accessed and gathered via Demand Side Management measures
such as direct control of appliances. The products deriving from successful aggregation can be
sold to a utility company or traded on the markets for control and balancing energy.
The study was conducted in Immenstadt in 2011. B.A.U.M Consult sought to detect and evaluate
the potential of negative flexibilities (meaning consumer appliances that can be switched on or
generation that can be switched off by order of the aggregator) and positive flexibilities (meaning
consumer appliances that can be switched off or generation that can be switched on by order of
the aggregator). The prequalification requirements for tertiary control served as a benchmark for
the evaluation. In fact, the study examines regional flexibilities as a form of controlling energy.
Initially, 53 commercial customers received letters informing them about AlpEnergy and asking
for participation in the project. 33 of the commercial customers reacted to the letters and declared
their interest. In fact, they were interviewed individually for about 1 to 2 hours.
The questions were to highlight, which appliances are used by the commercial customers, which
time schedules exist and what impact they have on the energy consumption and, thus, load shifting potential. Afterwards, the team estimated how much load could be shifted within each case of
4 hours in individual businesses by individual appliances. Thereby, the research team could
qualify the potential of each business and assign a merit from 1 (low load-shifting potential) to 5
(high load shifting potential) to them. In fact, a ranking of all participating businesses with regard
to their suitability for the field test could be developed. The five commercial customers (a grocery
store, a textiles’ retail, a hospital, a logistics company, a gas grid operator) with the highest score
were recommended as pilot-customers for a field test. Especially those businesses equipped with
large batteries, flexible appliances and cold storages have vast load shifting options.

Share in overall detected nega- Share in overall detected positive load shifiting potential
tive load shifting potential
Batteries

50,58% (502,20 kWh)

44,11% (263,13 kWh)

Flexible appliances

27,05% (268,84 kWh)

29,82% (177,90 kWh)

Cold storage

14,14% (140,40 kWh)

18,35% (109,39 kWh)

The research team found out that, generally, more negative than positive load can be shifted via
Demand Side Management. This led to the proposal to rely on Demand Side Management for the
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aggregation of negative load and to rely on decentral generation units such CHPs and emergency backup generators for the aggregation of positive load. According to the study’s calculations,
the additional direct control of decentral generation units might raise the effect by 6 or even 7
times. Furthermore, the research concluded that the accessible load increases when the
timespan of the direct control decreases. In fact, an aggregation for the primary and secondary
control market might be more effective than for the current option of aggregation for tertiary control.

2. The Pilot
2.1 Research Design and Schedule
The course of the field test was carefully mapped out. After the installation of the smart meters,
the consumtion data of the participating households and the data of the decentral generation
units were collected for a whole year (2010), in order to produce a basic scenario that captures
the Allgäu’s energy system without any kind of VPS management. This scenario could later be
used to compare and evaluate the results of the interventions within the VPS framework that occurred in 2011.

Source: AÜW

Fig. 5 The project’s schedule
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During the second year (2011), the test households were split into three groups that each received a different incentive to adjust their energy consumption.


Customer group 1 could only access feedback on their consumption. The data from their
smart meters was prepared for e.g. visualizations on the online platform. In fact, the transparency of their individual consumption patterns and prices for energy increased. This particular
design of this test customer group affords for the examination of how customers react to
smart meters as a new technology in general and how they react to the enhanced transparency stemming from the feedback mechanism in particular. Do they save energy or shift their
consumption to other times, if they receive more information?



Costumer group 2 was to test a static price model in addition to the feedback incentive. This
price model incorporates „saving zones“ that take place during certain times of the day depending on the season and a reward via the possibility to obtain bonuses. In fact, a possibility
to analyze, if and to what extent costumers shift their consumption into the „saving zones“,
arose. The “saving zones” are meant to coincide with the times of the highest feed-in from
PV-facilities.



Customer group 3 tested a more complex and dynamic price model that also applies short
term prognoses for price formation and can, therefore, smooth deviations in the balanced energy system more timely. The price formation is oriented towards the residual load within the
VPS: In times with abundant generation of power from renewable sources, demand can be
supplied at a low price level. When the generation from regional sources does not suffice to
supply the regional demand, the price level increases. The saving zones change on a daily
basis. Customers can follow their development on the website. Some customers additionally
received smart home components, which display the current prices and are able to directly
control a limited number of household appliances.

As the introduction of the new price models – even though they were only meant to be used for
the purpose of a limited field test – required an extensive legal and organizational effort, a credit
voucher system was introduced. All participants kept their original tariffs and were billed according to their original contracts. The credits for the vouchers were calculated with regard to the static and dynamic price models and were disclosed in the monthly bill. The design did not allow for a
financial damage of the customers, meaning that during the field test no customer was to pay
more than he would have within his original contract.

2.2 Information- and Communication-Technology
After a long and differentiated decision making process, the consortium decided to install two
different smart meter solution systems in the test households. Siemens Energy Automation‘s
AMIS System as well as Lackmann‘s Iscraemeco Metersystem were installed from autumn 2009
until Spring 2010.
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Fig. 6

ICT architecture of the VPS-pilot

The middleware affording for the efficient data management was developed and implemented in
partnership with EVB Energy Solution and Energy4U. The middleware was upgraded with VPSmanagement during the field test. The VPS-Management consists of three modules:
A prognosis-, a control- and a management-module.
The prognosis module was developed in a master’s thesis at the University of Applied Sciences
in Osnabrück and functions as the basis for all calculations within the VPS-Management-System.
It uses meter data and load curves as well as generation data from renewable energy-facilities
and meteorological data to calculate daily load prognoses with a 1/4h closure and generation
prognoses for the next 48 hours. These calculations are then sent to the control module.
By evaluating the prognoses and several input and output parameters, which are being monitored
constantly, the control module can determine the price incentives for the dynamic tariff two days
ahead. The prices set by the control module are sent to the management module, which in turn
gives notice of the individual price zones to the billing system of the AÜW, the online platform and
the smart home components in the homes of the customers. In fact, the customers have access
to the information, too and have the option to plan their consumption with regard to the price
zones.
The timely delivery of smart meters and the middleware proved to be a problem and resulted in
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delays of processes within the project. Furthermore, the installation and implementation of the
systems revealed that the systems lacked common standards and were, therefore, not interoperable. This again led to further delays as well as to problems concerning the quality of the data
obtained or even the complete lack of data transmission at some times. These problems could be
solved to a large extent towards the end of the project. The VPSA-Management-System was fit
for operation according to schedule on the 01.01.2011.

2.3 Selection and Acquisition of Pilot Customers
The Allgäu consortium carefully designed the pricing models for the field tests in a way that
avoided negative financial consequences from taking part in the project. The customers could
only gain advantage from their participation in the project. Nevertheless, the acquisition of pilot
customers proved to be complex and time-consuming. Finally, a regional large-scale campaign
and individual contact with the customers enabled a breakthrough. The project parties thoroughly
and individually informed the customers about the purpose and consequences of the project. Finally, residential, as well as commercial and agricultural customers could be persuaded to be a
part of the pilot.
As a first step of acquisition, the AÜW wrote to 809 of its customers to render information on AlpEnergy and to ask for participation. The selection of the 809 customers was carried out according to representative criteria that served to incorporate the AÜW’s average customers in the test
design. 206 households answered the letter and indicated interest in participating. To be able to
include further pilot customers, telephone campaigns took place. Finally, 258 of AÜW’s customers agreed to be a part of the AlpEnergy field test.
Prior to the pilot, the interest in and knowledge about smart grids and Virtual Power Systems in
the Allgäu was restricted to an expert audience. 75% of all people polled by the AÜW in advance
of the AlpEnergy field test declared to have no knowledge about the term smart grid and its implications. In fact, in order to raise awareness for the topic in the regional and supra-regional public,
a large-scale campaign was initiated.









Constant reports in the AÜW-customer-magazine „AllgäuStromMagazin“
Information events on the further possibilities arising from the project for reference customers (topics: tariffs with saving zones, online customer gateway, smart home components)
Articles in regional newspapers and magazines about the pending pilot field test
Coverage on regional and Bavarian television
Conference „Alp Energy meets E-Energy“ in May 2009 in Kempten
Presentations during the course of fairs and series of lectures
Coverage within the framework of VDE congresses

Amongst other measures, an interactive simulation and visualization was published on the internet (www.alpenergy-visualisierung.de).
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AÜW

Fig. 7 The online VPS-simulation [www.alpenergy-visualisierung.de]

The visualization offers the opportunity to the Allgäu’s citizens and the interested expert audience
to gain an understanding of the abstract term Virtual Power System. The visualization consists of
an overview function that explains the transition from the current energy system to the energy
system of the future and an analysis-mode, which can access the actual generation and consumption data of 2009 to simulate the operation of the VPSA at a given point in time.

2.4 The Field Test
The offers for the three groups of customers have been launched on January 1st 2011.
Customer Group 1: “Transparency and Information“
90 customers of reference constitute customer group 1, who can learn more about their energy
consumption on account of the feedback provided by the project website and consumption information provided on a monthly basis. Every month, these customers receive an information letter
which provides the necessary pieces of information. This is useful to the customer who can compare his consumption during a certain period of time without forcing any initiative of one’s own.
The aim of the feedback test was to determine the potential amount of energy which can be
saved by using the new meter technique and the given feedback-possibilities on consumption. A
survey conducted revealed that 70% of the participants in this customer group were of the opinion that enhanced information facilitates saving energy. In the customer groups 2 and 3, even
80% were convinced that transparency and further information are very helpful. The website functions without flaws. The only critical point results from insufficient meter data transmission by the
Smart Meter devices; if a breakdown occurs, there is no data transmission. During the field test,
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many helpful suggestions made by various reference customers were being collected to further
improve the performance of the system.
In order to detect the actual potential for energy savings, the real load profiles of the reference
customers from 2011 were compared to the real load profile from 2010. In 2010, the reference
customers had not received feedback information or time-of-use pricing models. The comparison
between the 2010 and 2011 data indicated that energy savings of 3% could be achieved with the
tested incentives.
Customer Group 2: “Static Price Model“
Each of the 100 reference customers in group 2 receives 0,05 € per kWh for his or her credit
vouchers, if they succeed to shift load into the „saving zone“ (October until March: 10-15 o’clock;
April until September: 10-17 o’clock). So far, the willingness to a shift of consumption according
to the price incentives has been observed. The responses concerning this new approach are
predominantly positive. 90% of all the reference customers, who completed the questionnaire,
stated that for them the monetary incentive to be sufficient to adapt their energy consumption.
Illustration 8 shows the median load-curves of all pilot customers in June 2010 without interventions (blue curve) and the median load-curve of all pilot customers in June 2011 with the static
price model in operation (pink curve). On average and in comparison to the preceding year, a
load shift of 2% from the normal tariff zone to the “saving zone“ occurred. The response towards
the pricing model is predominantly positive. 90% of the customers in group 2 stated that they believe the financial incentive to be sufficient to adjust their consumption. 89% even thought of
choosing a similar tariff scheme after the project is over. However, some polled customers considered the “saving zones“ during forenoon not useful for working people.
To determine the potential of the possible load shifts, daily average load curves for each month of
2010 and in 2011 were compared. Just like for the evaluation of customer group 1, the existing
smart meter data enabled this comparison.
The average consumption of all participants in 2011 indicated that a shift of loads of 2% to the
“saving zones” occurred. Illustration 8 shows the average daily variation in consumption of all the
participants in the field test – the blue curve illustrates the consumption in June 2010 (without
intervention), the pink one illustrates the consumption in June 2011 (with intervention measure static price model). One can see that loads consumed during forenoon and in the early evening
hours in 2010 were shifted to the “saving zones” in 2011. The increasing amount of energy used
at the beginning of the saving hours is clearly recognizable, too.

23

Allgäu Case Study

Fig. 8 Load shifting due to static price model (consumption measured during the field test)

Customer Group 3: “Dynamic Pricing Model“
70 participants took part in this particular field test. They were equipped with a dynamic tariff
model which consists of five price zones. The charge for each zone which corresponds to certain
period of time is announced 36 hours in advance. The customers can look up the pending charge
on the online platform. The customers do not receive credit for their voucher for all consumption
taking place in the zones -2 and-1, (energy demand is higher than renewable energy sources can
provide) and 0 (supply and demand are on the same level). If they succeed to shift their loads to
the zones +1 and +2 (supply out of renewable energy sources is higher than the actual demand)
instead, the customers receive 2 Euro-ct/kWh or 5 Euro-ct/kWh respectively. The evaluated meter data proved that this pricing model incentivizes a certain willingness to shift loads as well.
However, the load shifts appear rather minor when compared to the load shift in customer group
2 (only approx. 1%). The dynamic price model is, according to the results of a poll, too complex
for some customers’ daily routines. A third of the participants have not even registered for the
online platform up until now and are, in fact, unable to inform themselves about the tariff zones
for the next day. Accordingly, they cannot plan their consumption with regard to the tariff scheme.
In January 2011, 30 of the 70 reference customers in group 3 were additionally equipped with the
Smart Home Set Joonior “Starterset.Strom“ – this device is programmed to automatically process
the dynamic price signal sent out by the VPS Management System. The set consists of a central
unit, which receives the price signals from the customer‘s DSL-router, and four „intelligent sockets“, which display the price signal by means of a „traffic light-system“. Two of these sockets only
meter the consumption of certain special, connected household appliances and process the information to the central unit, whereas the other two sockets can be used to directly control the
connected appliances according to the price signal. The central unit transmits the switchon/switch-off-command to the two respective sockets.
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Fig. 9 Joonior Starterset.Strom
Once the smart home components came into operation, problems occurred. On the one hand,
the communication with the other VPS-components was flawed and on the other hand, the operation was not easy to understand for some of the customers testing the Joonior set. As a result,
the effects of the smart home components cannot be evaluated by scientific standards, as no
solid data base could be established. However, some statements about the use of the “intelligent
sockets” can be made: The appliances that were directly controlled were mostly dish washers
and washing machines. This is actually a parallel to other smart gird-related field tests, which
tested direct control mechanisms. Three quarters of the customers made use of their smart home
components several times a week, half of the customers even used the devices at least once on
every day.
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3 Results
Since the project is still ongoing, no final results can be presented at this point of time. Nevertheless, the current situation already leaves provides some indications for conclusions. First of all,
one has to remark that the development of a VPS in the Allgäu has succeeded. The demand side
management efforts that were accompanied by the installation of smart meters and the test of
new pricing solutions were successful with regard to the overall aims of saving energy and adapting demand to supply.
All the data evaluated up to now indicate that the pilot customers of all three groups saved 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). Because of the cyclic component and the
fact, that the billing data were collected once a year up until now, the period of one whole year
has to be taken to account to determine the actual saving. Thus, a final examination cannot be
conducted until the end of the project.

Fig. 10

Load shifting potentials due to pilot activities

The load shifting potentials, however, appear to be different for the individual groups. The static
as well as the dynamic price models show significant effects. Shifting potentials between 2 and
1% could were detected so far. One has to be aware that only information and feedback mechanisms do not suffice to incentivize load shifting.
Due to factors already mentioned above, measured effects concerning the consumers of reference equipped with the SmartHome system cannot be presented in this paper. Nevertheless, the
experience gained during the pilot phase leads to the conclusion that the SmartHome system
was a matter of interest for the customers of reference. This was indicated by positive customer,
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the customers’ active participation within the project and within the exchange of experiences carried out in fall of 2011. Apart from the automated control of the end devices, for the polled costumers the most useful benefit of the SmartHome components is that the amount of energy consumption for every single device to be displayed directly.
Technological aspects turned out to be significant challenges throughout the whole term. The
already mentioned communication problems between smart meters and the middleware exceeded the initially calculated work and therefore money many times – in the billing department, for ITservices, the callcenter staff and last but not least for the metering-staff. Further technical problems occurred relating to the operation of the smart home components. Their inability to deliver
the dynamic charge time course correctly above all complicated the evaluation, since the actual
load shifting could not be assigned clearly to the price signals. One can conclude that in order to
ensure a positive course of action and outcome, a standardization of VPS-technology ensuring
the interoperability of the individual systems has to precede a further rollout of smart meters.
During the preparations of the field test, it became obvious that the necessary number of electric
vehicles needed to test a V2G/G4V-scenario, are not available yet in the test region. However,
the research endeavor was not abandoned altogether, but transferred to the upcoming German
project called IRENE (Integration of Renewable Energy Sources and Electric mobility).
To allow for a flawless handling of the components of the energy system added during the course
of the VPS development, fully developed technology has to be available in the market and the
serial interfaces of all the components need to be standardized to provide a reliable data transmission. The data protection interests also have to be considered and implemented, in order to
guarantee the customer that his particular data is used only for the preassigned purposes.
Learning processes encompassing the whole society have to be initiated. The field tests show
that it is a) difficult to activate and mobilize customers on behalf of the VPS agenda and that b)
the customers’ experience troubles handling the new technologies or understanding new products and services. The utilities should accompany their customers on the way towards a fully integrated VPS and the activities connected to the shift towards renewable energy sources respectively, the former should introduce the latter to new offers, products and services step by step.
Municipalities and other multiplicators like energy consultants, teachers / trainers or plumbers
should be incorporated in the development to supply the transition with credibility and to transfer
the learning process to the political sphere, too. Furthermore, the efforts have to be integrated
into the broader sustainability strategies. As a result, the VPS-agenda can even be embedded
into regional sustainability strategies. The Allgäu region‘s VPS-masterplan, therefore, appears to
be a significant step in the right direction.
Above everything else, a new regulatory framework needs to come into force, in order to provide
for the necessary conditions to allow for a self-supporting VPS-system in the Allgäu. The field test
proves the current regulatory framework to be a main obstacle on the way to a VPS: Utilities and
operators of distributed generation units have no incentive to test new business models. Especially the feed-in conditions of Germany’s law on renewable energies turn out to be an impediment. Up to today, the options for the arrangement of tariffs are also massively restricted. They
make it impossible for a utility company such as AÜW to receive benefits from the implementation
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of a VPS and to subsequently forward these benefits to the customers. Price formation processes
have to be changed extensively to pave the way for the creation and adoption of new time variable tariffs / charges. However, classic incentive mechanisms for customers might have to be reconsidered in general. AÜW plans to analyze and to economicially evaluate especially new, customer related charges extracted from cluster analyses provided by the results of the AlpEnergy
project.
At the current state of affairs, one has to conclude that the benefits arising from the levels of energy saving and load shifting in the project do not enable a self-supporting operation of a VPS in
the Allgäu region. Further solutions for the energy system of the future have to be found. Therefore, the results of the German lighthouse project E-Energy are greatly anticipated.
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Valle d’Aosta Case Study
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1 The Project’s Story
The Valle d’Aosta Region, which is one of the 20 Italian Regions, is situated in the North-West of
Italy and near the French and Swiss border. It is the smallest Italian region, both in terms of inhabitants (127.065 inhabitants 2008) and territory.
The Region exercises its own competences with respect to subsidiarity, differentiation and adequacy principles that are present both in the European Union’s legal system and in the Italian
political system. The respect of those principles requires the Region to define and plan policies,
above all regarding the development of renewable energy sources and energy efficiency, while
the local authorities are concerned with their implementation (municipalities and mountain communities).
In this contest, the objective of the regional government is to become a model for energetic and
environmental sustainability by 2020. In order to reach this goal, it is crucial to promote new technological and economic solutions for the development of electricity distribution networks in an
Alpine region with critical geographic characteristics.

1.1 Background Information and the Project’s Aims
The participation of the Regional Ministry for Production Activities in the AlpEnergy project will
enable the Autonomous Region of Valle d'Aosta to enrich their skills in the management and development of the electric field, which is considered strategic by the Regional Administration.
Since 2000, in fact, the Region has launched the process of purchasing the shares of companies
operating in the whole power chain that were previously held by Enel. As a result the Region
partner in various companies concerned with everything from production to distribution and sale
of electricity.
The Region has indirectly, through its subsidiary CVA SpA, become the owner of the hydropower
plant in the regional territory, which once was property of Enel. The total installed capacity of
power plants operated by CVA SpA amounts to approximately 900 MW and generates 3.000
GWh/a. This equals 300% of the annual electricity consumption of the Region. Accordingly, from
the perspective of the national grid, the region’s energy system can be classified as a sort of VPP
with a yearly production of 2.000 GWh.
On 30th of November 2011, CVA SpA bought the shares of Deval SpA and Vallenergie S.p.A previously held by Enel (51%) on behalf of the Regional Council. These are the main companies
concerned with distribution and sales of energy in the region’s territory.
These activities display the Aosta Valley Region’s ambition to play a leading role in the transition
from the current electricity system to a Virtual Power System. However, taking part in AlpEnergy
had already signaled the Region’s willingness to accept this challenge beforehand.
The potential role of the regional administration in the field of VPS and Smart Grids could encom-
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pass the following tasks:


Support the design phase of large scale demonstrations involving a large number of real
customers.



Facilitate the creation of a network involving different kinds of stakeholders.



Facilitate the demand side participation.



Study and define grants or benefits for not yet cost effective solutions in the field of smartgrids (smartmetering, storage apparatus,…).



Definition of politics and regulatory aspects supporting the smart grid development.



Including social and demographic aspects.



Information and education activity (targets: population, SME, professionals).

1.2 The Masterplan
The Aosta Valley masterplan is focused on the 20x20x20 EU objectives. The masterplan defined an ideal type for a virtual power system perfectly suiting the characteristics of the energy
system in Saint Denis. The following figure 11 illustrates what kind of control systems and, virtual
load and power plant applications are necessary for an ideal VPS in Aosta.

Fig. 11

The control system of an ideal VPS

According to this purpose, the main tasks the region chose for future long-term activities and
evaluation are:
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Increasing energy efficiency in final consumption;



Improve power production from endogenous untapped RES, not only from photovoltaic but
also from biomass, wind and mini-micro hydro plants;



Encourage use of more efficient technologies for energy production (like CHP and heat
pump);



Promote a greater interconnection between RES and final consumption;



Support new opportunities for the regional economy in the field of smart grids, smart
homes and electric mobility;



Analyze the technical and economic attractiveness of VPS as a model to efficiently manage the transition to a more diverse and distributed power system:

Fig. 12

The development in the field of RES

By evaluating all these aspects, the Aosta Valley Region intends to define the regional “energetic
plan” (planning period 2011-2020), to develop business models and energy policy measures (regional laws,…) in order to incentivize new behavior of private home owners and enterprises with
regard to efficiency in production and consumption.
The condition of an autonomous region allows an easier intervention in the political energetic
planning and decision making. Being a border region, Aosta Valley can easily exchange experiences and develop shared projects with bordering countries (France and Switzerland) as well.

1.3 Virtual Power System
AlpEnergy rendered the opportunity to study the applicability of the VPS concept for the Aosta
valley. A particular point of interest was to find a suitable energy system for the predominantly
scattered villages. The project is focused on monitoring and adapting electrical consumption
and forecasting the potential of generation from RES. With Virtual Power System technology developed in AlpEnergy, the region’s authorities want to create and test a simple and easily practicable model to manage power supply in scattered habitat scenarios.
The tests are to discover potentials for a better management of renewable energies and for a
new concept of load management in such small villages.
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1.4 The Implementation of the VPS in the Aosta Valley
The technologies implied by the VPS concept are numerous and complex. In fact, the regional
Ministry of Production Activities decided to seek the scientific advice of the Laboratory of Mechatronics at the Polytechnic of Turin (CSPP-LIM) for the implementation of the activities. The laboratory is located on the campus of Verrès in the Aosta Valley. The respective collaboration
entailed various studies and experiments on some technical aspects that underlie the development of the VPS:
1. the advanced monitoring of loads and production from RES (in particular solar PV);
2. the testing of methods for load management (demand side management);
3. the reduction of load peaks (peak shaving) through the use of battery storage systems.
The territory chosen for the pilot implementation is the Municipality of Saint-Denis, a typical scattered mountain village with about 370
inhabitants and a territorial extension VPS Aosta Valley
ranging from 500 m to 1500 m asl.
Geographic extent Municipality of Saint Denis
In addition, the cooperation with Deval of the model reSpA, the largest electricity distributor in gion
Aosta Valley, will enable the collection of
Virtual Power Plant 3 small RES-units as well as
consumption data from all consumers in
(VPP)
simulation of 2 large RESSaint Denis, which are equipped with
plants (PV and wind) which are
smart meters on a monthly base.
to be constructed in Saint DenThe project is just the starting point for a
is
long-term, ideal implementation of the
VPS-concept and only focused on the Virtual Load Plant 24 customers and 3 public
buildings with PV-units are to
pilot municipality. Therefore, the project (VLP)
be directly controlled, metering
revolves around the development of cerof 425 customers
tain components of the energy system:
Solutions for the monitoring and analysis Storage capabili- Consortium developed Energy
of data consumption and production from ties
Storage System as a means of
RES, up to the implementation of differload shifting, 4 of them were
ent modes of load management and
deployed during the field test
storage systems have to be found.
Type of grid in the Connected to low voltage disOne of the most important objectives is to model region
tribution grid
ensure the integration of consumers into
Smart meter rollout employing
the VPS system, so that they will accept ICT-concept
GPRS technology and control
new electricity related devices in their
software for the shift-andhomes and adopt to a more efficient use
store-module to manage the
of electricity from locally available energy
load in private homes
resources. If the relating efforts pay out,
the AlpEnergy project will have had a
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positive social impact on the whole region. However, the test does not significantly affect the
electricity infrastructure in private households and does not require modifications of the existing
distribution grid. Instead, it focuses on the interaction of the people with the load that. If the customers positively respond to the feedback options that are to be tested, they will contribute together with the Energy Storage System (ESS) to the facilitated control of power flows and the
balancing of generation and consumption. Thereby, functions essential for the operation of a VPS
are enabled. Here below some characteristics of the village of Saint-Denis:


About 369 inhabitants for 159 families.



Scattered village between 500÷1500m a.s.l.



Population density of about 33 inhabitants/km².



Connected to the Deval electrical grid with about 425 buildings served and monitored.



Actual RES electricity production system:
some photovoltaic generators (40 kWp);
a new photovoltaic plant of 315kW under construction;
a new wind power plant of 3MW under construction.

The consortium developed an illustration that identifies the major tasks within the implementation
phase. The illustration derived from the masterplan ideal type illustration and thereby examplifies,
which steps on the way to a complete and sound virtual power systems were implemented during
the AlpEnergy project.

Fig. 13 The control system of a VPS implemented in Aosta during the project

1.5 Social and economic impact of the project
One part of the project schedule was a study focused on several aspects:
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The technologies implemented (smart meters and the storage systems),



fitting these technologies into the technological scenario and global trends,



assessing potential benefits and economic market potentials for energy storage used for
utility related applications.

In order to assess the knowledge and the grade of development, in particular of the storage systems and possible applications, a survey addressed to industry experts has been conducted and
sent to more than 1.000 stakeholders in the energy system (producers, distributors and energy
services companies with generation activities, selected from the AEEG operators list, published
on the correspondent website). The survey shed light on the following questions from different
perspectives:


What kind of actor within the energy supply chain has to tackle issues concerning which
VPS-solution?



What are the considerations on benefits and how do the actors evaluate the economic impact of the VPS-concept?

The table shown below presents the results of the survey:
Hypotheses: Cost of storage battery: 1500€; expected service life: 3 years
VPS solution

End-user

Smart meters
storage battery

Retailer/ESCO

ESS

New market oppor- Value
tunities
vices

ESS

Arbitrage issue and
dispatching
functions; demand planning and peak shaving effect

ESS

Demand matching
Potential 70% added
and increased reverevenue per MWh
nues from sales
sold
(through arbitrage)

Distributor

Renewable
Producer

Energy

Benefit

Economic

Actor

Savings linked to
+ TOU
tariffs;
improved
services
(UPS)

evaluation
30% of consumption
shifted into low-rate
tariff time during the
night; 200-250€/a
added

ser-

Potential
20-30%
margin per kWh
sold; avoidance of
energy losses, recovery and upgrade
deferral

Individual actors cannot finance the implementation of an entire VPS solution by themselves.
Instead, the cooperation between all the actors enables a situation in which benefit and costs can
be shared. Furthermore, cooperation could advance the technologies more quickly and easily
and might even result in lower price levels due to massive rollouts and, therefore, increased pro36
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duction.
A SWOT-analysis highlighting the project’s strengths, weaknesses, opportunities and threats has
been conducted:
S





O

The
European
Union’s W 
20/20/20 goals have strongly
accelerated the R&D and
awareness for the entire field

is increasing rapidly
Sharp increases in the prices
for steel and carbon led attention to the “green” economy, attracting intervention
from authorities and governments



ESS are the solution for the
integration of fluctuating renewable energy in the grid



Very sensible issue, many T
investigations by the energy
industry due to the need for
cleaner and long-term storage



With regard to the increasing
share of distributed generation in the energy mix, ESS is
a tool to ensure continuous,
reliable power supply

The industry is too small to face the
high costs necessary for technology
and innovative processes
The solutions are not yet commercialized and rolled-out comprehensively



Synergies between authorities, local
and national governments, utilities,
grid operators and final consumers
has be created in order to achieve a
breakeven performance of the technologies



Although manufacturers are intervening in order to decrease prices,
the actual drops in prices for relating
technologies observed during the
last three years have not been
noteworthy



The highly sceptical attitudes of
consumers and utilities could impede a massive rollout and diffusion
of the technologies

The SWOT analysis led us to the following conclusions:



The need for efficient and intelligent storage units is well known and documented by international organizations and public bodies’ assessments. Our interviews with operators of generation facilities and distribution retailers in our quick survey supported this view. 40% of the respondents, mainly the energy distributors, considered that the adoption of these solutions
could serve to decrease their budget for investments necessary to renew the grid by between
2% and 10%; 20% even suspected to save more than 10% using this solutions.



The benefits are evident on the system level, but very difficult to translate into an effective
business model because of the fragmentation of the industry. From the producer, to the network manager, to the final consumer: each of these players would benefit from the massive
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use of ESS units (for details see chapter 2.5). The saving of these costs is therefore not perceived by the individual actor in the chain. Due to the fragmentation of responsibilities within
the energy system, some actors benefit more from the new technologies than others. Especially the role of companies selling electricity is not changed radically, so that especially these
stakeholders are relatively indifferent to an increase of efficiency in the energy system. Moreover, given the strong interconnection of actors playing on the market, it is necessary to
search for non‐trivial solutions. All this finally has to fit into a context of very strict regulations,
which do not allow for the immediate translation of the theoretical advantages discussed
above into reality. The concepts of tariffs, sales and distribution rules, metering, incentives for
renewable were set for a context in which the availability of smart storage units was not provided.



The potential prices of available devices (in order to fit the need of storage capacity) are significantly higher (2‐5 times if batteries are used) than the prices expected by the operators interviewed. 77% of our respondents believe that the cost would be less than or equal to a 100€
for each kW of the system’s power both for load side that for generation side, considering existing plants and new plant that they plan to realize in the near future.

In conclusion, we would suggest the following course of action in order to achieve an adoption of
smart storage systems:



Smart storage solutions can be adopted in specific situations, in which there is a consolidation of multiple roles in a single actor and extraordinary circumstances require solutions. An
example can be seen in ESCO, plants are available, but do not have the means to adopt the
generation to the unsteady consumption profiles of the customers. Distribution companies
provide another example, in the case that they have to implement new networks due to significant increases in power consumption, or



with the implementation of a new system of regulatory obligations and economic incentives,
or



to take advantage of only very particular benefits, with even greater exercised influence resulting in lower selling prices, or



in case of a strong need for less expensive solutions.
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2 The Pilot
2.1 Characteristics of the Saint-Denis’s field test
As mentioned before, the test consists in three main activities:
1) Monitoring electric consumption and analyzing collected data.
2) Testin feedback options by informing consumers by SMS & web service.
3) Introduce and study energy storage technology.
The illustration explains the system implemented in the field test, with the interconnections between the subsystems of monitoring and control:

Fig. 14 Saint Denis pilot implementation schematics
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2.2 The Advanced Monitoring System
The first phase of the test involved in the monitoring of electric consumption of customers in Saint
Denis, both for public and private buildings, for a period of one year. This phase of the test was
carried out in two different methods:
1) The first method required to gather consumption data from all 425 electric meters installed
in the region. These were provided by Deval S.p.A, the largest electricity distributor in the
region.
The data was used for a long-range statistical analysis on the framework of the Saint-Denis VPS,
which was also part of the test. It enabled a characterization of the behavior of the entire consumption system. Within the context of the VPS, the overall consumption is seen as the Virtual
Load Plant that has to balances against the Virtual Power Plant.
2) The second part required the installation of advanced control units of consumption (EMU)
developed on the base of the NxN GT-621 - "data logger" in homes of selected citizens.

Fig. 15

EMU - NxN GT-621 data logger
with LEM AC current sensor

For the test, 24 EMU serve to meter the utilities’ consumptions and 2 public facilities’ consumption (City hall and Lavesé eco-friendly centre); 4 of them were to detect the energy generation
from 4 RES plants (photovoltaic plants, 3 public and 1 private). These data loggers allowed a
significantly more dense consumption data sampling than ordinary Deval smart meter. The data
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is precise up to 1 sec. and can be read off the current transducers connected between the electricity meter and the safety switch of the electricity system.
The data is first recorded in the internal memory of the device before it is being sent to the central
server via GPRS. Each module is, in fact, equipped with SIM data that allows it to use the
GSM/GPRS net for transmitting data and SMS. After the analysis of different communications
infrastructures available in the area, the cellular network turned out to be the one able to ensure
the greatest territorial coverage in addition to allowing the use of an instant messaging service for
the subsequent phase of load management. The data, sent over the mobile network, is then routed by the telephone operator on the internet with TCP/IP protocol to reach the central server installed in the Verrès campus of the Polytechnic of Turin, where the data is made available for the
relative real time elaborations.
This system allows to implement different load control strategies like the setting of alert thresholds These strategies represent direct feedback to the user, who can be adequately informed
about momentary or prolonged over-consumption. These methods furthermore represent approaches to develop a system that can balance itself more or less independently and thereby
enables the control of the Virtual Load Plant component of the Virtual Power System.
Finally, we created a historical data base of user consumption and generation from PV plants
from the data we collected. With the data base, one can create a model encompassing all the
facilities connected to the network, which might turn out to be useful for future simulations.

Fig. 16

Data logger installation in the public and private buildings
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2.3 Demand Side Management
After the initial period of sampling and system configuration, the phase of interaction with citizens
began on 1 April 2011. In addition to the collection and transmission of data to the server, each
module performs the following functions:



It communicates the state of consumption to the user;



SMS communication notifying the user about high consumption levels.

In particular, each module was equipped with a green and a red LED. The red LED notifies the
user of a too high consumption status, the green LED indicates consumption at a sustainable
level. The LEDs are switched on only on command of the central server that analyzes the data in
real time. Moreover, in the case of high consumption, that is consumption that exceeds a specific
threshold set according to the time slot, each module sends a kind of “alert-SMS” to a configured
mobile phone number. That way, the users are informed, even if they are not at home and, thus,
unable to monitor the LEDs on the module.
A website (www.polito.it/alpenergy) has been implemented and permanently offers its services to
the customers. In a protected personal area, the customers can check their consumption profiles.
Profiles from each day since the project began until the time of consultation can be visualized
with various display option. It is also possible to obtain general information on the project status
and to visualize the production of the three municipal photovoltaic plants, which are being monitored in real-time. The objective is the study and analysis of user behavior subjected to various
kinds of feedback mechanisms, in order to assess the potentials of the individual load management strategies employed in the region. Particular interest relates to the impact of the feedback
mechanisms on load peaks and the general balancing of generation and consumption.

Fig. 17
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Aosta Case Study

2.4 Notification and consumption thresholds, Analysis of load shift
During the last months, we initiated a first analysis on the recorded data. Starting from January
2010 until October 2011, we analyzed the occurrences of loads shift with respect to the different
time slot. When the project started, all users had a fixed tariff rate for the entire day, so that they
consumed energy indifferently. After some months we started to equip them with the notificationfeedback.
By analyzing the differences between data from the first sampling period, in which there were no
notifications, and data from the subsequent period, we detected an adaption of the private loads
to the notification thresholds. In fact, we have registered a decrease of load peaks just below the
notification threshold. A comparison between the amounts of SMS notifications that we had to
send in the beginning (from January 2011 to May 2011) and the amount sent in the following period (from May to August) revealed a significant reduction. Obviously, a learning process took
place within the customers leading them to consume less energy, especially during times of previous load peaks.

Fig. 18

Load shift during implementation

With these results present, we decided to start a second phase of experimentation in April 2011.
The second phase is characterized by a change in the structure of the feedback-mechanism. The
notification thresholds are now based on specific time slots: The maximum consumption threshold for the F1 band between 8 a.m. and 7 p.m. was reduced to a level of 2600W and was slightly
raised for the F2 (7 p.m. to 8 a.m.) and F3 band (on holidays) to 3200W. This has led the customers to shift loads to different times, reducing overall consumption during critical periods of
load peaks. The results were similar to those achieved in other field-tests, which employed timeof-use-tariffs as the preferred DSM option. People started to move their loads in the different time
slot only to avoid receiving the alarm. Furthermore, they continued to maintain their load in the
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respective time-slots when the alarm-notifications decreased, so that their learning process can
be classified as successful again.
When analyzing all data collected until December, an overall load shift of 10% into the time slot
with the initially low energy consumption becomes visible. The costs for electricity in this time slot
should theoretically be lower. The result of the analysis is shown in the graph.

2.5 Energy Storage System (ESS)
The third and last step of the project implementation is the development and the installation of
four Energy Storage Systems. These systems, installed in the users’ houses in Saint Denis, are
first-generation prototypes that have been designed to enable load leveling (or peak shaving).
Apart from that, they indirectly serve as UPS in case of power failure. They have been designed
according to parameters resulting from the previously developed software analysis and depending on the characteristics of the internal components (common market components: batteries,
battery chargers and inverters).
The idea leading to the development of ESS, also referred to as “shift-and-store”-box, is to flatten
the load curve. Power consumption usually varies during the day reaching, in moments of higher
consumption, levels that can exceed the maximum threshold contractually ensured by the supplier for a nominal contract of 3,3kW (4,2kW can only be provided for a time-span of 2 minutes). An
average daily load profile is illustrated with a consumption exceeding the maximum ensured by
contract in figure 19. Energy storage systems can help avoid such maximums that challenge the
stability of the grid by storing and shifting electric energy according to the needs of the grid and
allowing for a lower utilization of the distribution network, ensuring a more homogeneous and
efficient power supply.

Fig. 19
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The “shift and store”-box interposed between the user and the electronic meter has the ability to
lighten the network in case of overload and thereby ensures a flawless supply of energy for the
citizens, both regarding continuity and quality of service. When consumption remains below a
predetermined threshold, programmed through a relay which includes a current monitor, the user
draws electricity from the national grid; when the threshold is exceeded, the system switches to
the auxiliary system. The inverter is activated and the individual quantity of electricity that is required above the threshold is drawn from batteries. If the power consumption falls below the
threshold again (after a proper choice of hysteresis), the user returns to draw power directly from
the network and the batteries are recharged. Ideally, the recharging takes place during lower energy cost hours or when there is a surplus of energy produced from renewable sources in the
local network.

Fig. 20

ESS energy management

The result is a system that is able to store electric energy for a total of about 2kWh. This amount
of electric energy does not have to be drawn from the national grid during peak values exceeding
600W and is able to supply the costumers with a maximum of 5000W for a minimum period of 15
minutes.
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Fig. 21

ESS components interconnection

Following the initial phase of the project, the analysis of the data sent by the datalogger (connected to the ESS) allowed the developers of the “shift-and-store”-box to detect the "real" consumption behavior that is very similar to the one simulated by software, i.e. the system leads to a
massive reduction of the consumption peaks occurring throughout the day. These findings are
supported by the graphs below that are taken from the project’s web information system and illustrate an average user consumption profile compared with the consumption profile required by the
network and enabled by the ESS:
The most positive consumption profile for the network is leveled around a value that does not
exceed 600W and is determined by the consumption of the battery charger, while the user consumption is similar (random and "nervous") to those registered during the experiments before the
integration of ESS.

Fig. 22
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Figure 22 illustrates the processes of charging and discharging batteries in the same period of
time, with a maximum charge value of about 27V, which is constantly maintained by the charger
until an increased consumption requires the system to set free a large amount of electric energy
in a short time. The voltage is limited to a minimum value of about 21V. Below this minimum, the
system is automatically bypassed (indicated by the green line).

Fig. 23

Website snapshot – Load profile of the house (up) and load profile with ESS viewed from the
grid (down according to grid requirements)
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Fig. 24

ESS prototype deployed in the home of Gianfranca Boccardi

With this test, we demonstrated that a storage facility and a simple test-architecture are able to
bring about benefits both to the electricity grid by means of a significant decrease of load in peak
times and to the final user, who does not have to be forced to radically change his consumption
behavior. Another user benefit that has to be taken into consideration is the improved quality of
electricity supply, as the technology significantly reduces the probability of blackouts or fluctuating
in line voltage.

3 Results
The electric energy storage is an essential element for the management and the balance of
Smart Grids. During the project, we dealt with the issue of the Power/Peak Shaving and analyzed
it in depth. Peak Shaving denotes the daily suppression of peaks of energy consumption; these
are caused by the normal simultaneous use of electrical appliances.
Power shaving, therefore, allows the peak reduction, but also puts less stress on the distribution
grid, as it results in a more homogeneous and efficient delivery by the supplier and, thereby, decreases the risk of blackouts. A “shift-and-store”-system as the one developed for the project
(ESS), interposed between the user and the smart meter of the house, can lighten the network in
case of overload without endangering the guarantee of a high quality power supply to the citizens. At the same time, it allows to manage energy demand without permanently drawing load
from the grid.
Users must be involved in the management of technology. In fact, they have to be provided with
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tools and solutions easy to use. We saw that end customers can be encouraged to play a more
active part in the energy system. The key is to constantly educate and inform them and to give
them the opportunity to improve their "consumer behavior" independently and without upsetting
their own pace. This course of action led to the significant results within a short time-span. Essentially, one should incorporate the customers into a special "virtual feedback" that closes the control loop of the VPS, thus, guaranteeing the best performance of the system.

Collateral results
As a result of AlpEnergy, the regional Ministry of Production Activities had the opportunity to involve various actors operating at local level who were interested in the development of the
themes addressed by the project: Public authorities, research institutes, SMEs and individual
citizens/users of the electricity grid. In addition to the direct involvement of the Mechatronics Laboratory at the Polytechnic of Turin and Deval S.p.A., a coordination action was carried out that
allowed the creation of important synergies between different projects under construction.
The most significant of these synergies is the one between the pilot project "smart grids" of Deval
S.p.A, funded by the Authority for Electricity and Gas, and the project "REVE - Grand Paradis"
that tests electric mobility and is carried out by the Grand Paradis Foundation and funded by the
Regional Competitiveness Operational Programme POR FESR 2007-2013. With this synergy, it
will be possible to test the impact of electric mobility on the electricity system, also in terms of
control and management of vehicles that can be classified as distributed storage systems for the
grid.
The final objective of the regional Ministry of Production Activities is to arrive at a shared vision of
the opportunities offered by the advent of "Smart Grids” at regional level. This vision is to involve
all the actors integrated in the process of modernization of the electric system, thus, ensuring a
greater cooperation between research centres and production systems.
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51

Belluno Case Study

Contents

1 THE PROJECT’S STORY

53

1.1

Consorzio BIM Piave of Belluno

53

1.2

The Province of Belluno – Energy Consumption and Generation

54

1.3

Purpose of the VPS field-test – Considerations of possible development paths
for the territory

56

1.4

Virtual Power System

58

1.5

Technical aspects of the project

58

2 IMPLEMENTATION AND EFFECTS OF THE VPS IN THE PROVINCE OF BELLUNO

52

62

Belluno Case Study

1 The Project’s Story
1.1 Consorzio BIM Piave of Belluno
The Consortium of Municipalities of Piave River Mountain Catchment Area belonging to the Province of Belluno (Consorzio BIM Piave Belluno) represents 67 municipalities. It was founded in
1955 and its overarching aim is to foster economic and social progress in the area by using proceeds (fees) connected with the production of hydroelectric energy in the relevant territory.
Consorzio BIM has supported the socio-economic development of its member municipalities in
various sectors. During its first 55 years, it has spent a total amount of about 400 million Euros in
Belluno by investing in the infrastructure and social as well as economic projects.
Over the years, Consorzio BIM has increasingly become a driving force for innovative initiatives,
especially for those relating to renewable energy sources. After receiving the task by the municipalities, Consorzio has been carrying out projects to increase energy savings and support clean
energy production. These projects are implemented for two reasons: On the one hand, the promotion of economic and social welfare for local people is to be supported and, on the other hand,
an environmentally sustainable development based on the use of energy sources with low environmental impact and zero (or minimal) emission of greenhouse gases is to be advanced.
Furthermore, Consorzio has set up the Centre for Territorial Services for Municipalities (CST)
based on an innovative and powerful IT infrastructure, which offers single municipalities, associations of municipalities in mountain areas and other bodies data centre services (HousingHosting), territorial information systems (Inter-Municipal Territorial Information Centre), network
services (SPC–Public Connectivity System), technological innovation (computerized management of school canteens and cemeteries), e-mail and other services in the ICT field.
In 2008, BIM Piave joined the AlpEnergy project partnership together with German, French,
Swiss, Slovenian and Italian partners.
Above all, the project focussed on the study and implementation of local Virtual Power Systems
(VPS), which aim at promoting distributed generation and balancing consumption at an optimal
level with regards to the generation side. VPS are systems able to connect scattered production
plants and to manage them at central level by applying ICT solutions to align production and consumption of energy. The municipalities represented by BIM Piave own several RES plants (hydroelectric, wind, solar, biomass co-generation, etc.) scattered over the territory. At the same
time, the municipalities themselves use electric energy to manage public buildings such as offices, schools, gyms, and for their own services such as public lighting, plants for waste water
treatment, plants to lift and treat drinking water, etc..
The implementation of the VPS was facilitated, as Consorzio is already experienced in managing
the technologies related to generation plants, in managing data flow and treatment and in managing the territorial IT network, which connects all municipalities belonging to Consorzio.
The practical application of the project in the Belluno territory resulted in a field test that aimed at
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monitoring and managing the generation of four hydroelectric local plants and a municipalityowned photovoltaic plant (connected to the national network) in real time on the one hand, and
on balancing the consumption of some public users on the other hand.
A control panel supervised the system. It was created by the National Research Council and Telecom Italia and with an agreement between BIM and the Ministry of Innovation. The control panel
can utilize software (SCADA), which can remotely control and manage loads in real time.
Another AlpEnergy related task was to study and analyse a technical, economic and environmental model, which could be applied to other municipalities as well as to industrial and household
consumers in the future.
As a conclusion of the project, a proposal for a set of rules to ease and stimulate local consumption was to be developed and handed to the relevant authorities. Thus, the local balancing of energy generation and consumption could be improved, which could result in a reduction of the
need to transport electricity over great distances, which again might serve to mitigate the waste
due to transport and result in an increase of the total return of the system.

1.2 The Province of Belluno – Energy Consumption and Generation
The territory represented by Consorzio BIM Piave is a mountainous area and crossed by many
rivers and streams. It is characterized by significant differences in height, which is an essential
condition to exploit the energy potential of water resources.
As a result, most of the electric energy of the province is generated in hydro-power-plants. Their
amount and share of generation has been increasing steadily since the beginning of the 20th
century. Over the decades, the installed facilities were expanded and several new ones were
constructed. During the 1950’s and 1960’s, dams and artificial reservoirs were first built by SADE
and later by ENEL. They still provide for the underlying structure of hydroelectric energy production in the province and beyond.
However, the views on preferred technological solutions shifted: “Run-of-the-river”-hydro-plants
could be realized without any damming work and, in fact, have less environmental impact. Newly
enacted laws also favoured the deployment of this solution and the development of new equipment and machines enabled an exploitation of very small water flows at high levels of efficiency
and reliability at relatively moderate costs.
Finally, during the last decade, the European and national energy policies have introduced incentives to produce energy from renewable sources. Hydroelectric plants receive the highest incentive level, if their nominal power is below 1 MW. These developments initiated a constructionboom of hydroelectric plants on Belluno territory. Both, private citizens and local authorities, invested in hydropower.
The left table in figure 25 illustrates the importance of hydroelectric energy in Belluno. The generation data for Belluno were collected by ARPAV in 2009 and Terna published consumption data
in 2010. Their results are summarized below:
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Fig. 25

Electricity Production and Consumption in Belluno

The electricity generation is 2,4 times higher than the electricity consumption in the territory.

Fig. 26

Energy balance of local authorities in Belluno
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The publication of Terna showed that the division concerning electricity consumption among the
various sectors of the province roughly mirrors the average national data. The industry has the
highest consumption, whereas businesses consume only slightly more than households. Due to
its specific nature, only a minimal share of consumption can be related to the agricultural sector.
However, the production of publicly owned plants within the BIM municipalities (21 hydroelectric
plants on waterworks and 12 on stream) cannot cover the whole energy demand of the public
buildings and services. Therefore, as shown in the figure 26, the public authorities’ energy ratio is
negative.
The publicly owned plants can only cover about 85% of the public consumption.

1.3 Purpose of the VPS field-test – Considerations of possible development paths
for the territory
The idea and starting point for Belluno’s AlpEnergy project was to balance the public plants’ generation and the public consumption.
The Virtual Power System was implemented in order to manage the RES Plants owned by the
municipalities in a way that promotes the production of energy from RES. The VPS should also
serve to optimize consumption and, thereby, enable a balance between electricity generation and
electricity consumption and find solutions to store electricity, when its availability exceeds demand.
In detail, the project implemented by Consorzio BIM Piave is focused on:


monitoring and managing in real time both the generation of electric energy from 4 mini
hydro plants and 1 photovoltaic plant connected to national grid and the consumption;



checking the VPS concept for the regulation of road public lighting and testing the technology in order to use the public lighting network as a support for the communication of
the VPS general concept; reducing operation costs, increasing the service life of the
lamps, saving energy, and thereby improving the service.

The purpose of the AlpEnergy field test is closely linked to general considerations on future development paths for the region. Certain technical and economic criteria led decision-makers to
favour the increased construction of RES plants on the one hand and strategies that enable a
consumption of energy near to its generation site on the other hand. These two strategies are
also characteristics of the VPS concept.
The above mentioned technical and economic factors are:


a significant share of production from RES as against the total amount of production;



a high production/consumption ratio;



generation units scattered over a territory;



a balanced energy mix.

A further, decisive criterion must be added to these:
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the actual ability to manage energy locally

The Province of Belluno meets most of the above mentioned criteria:


it produces energy only from RES;



its production/consumption ratio is at about 240% (one of the highest among Italian provinces);



it is characterized by generation units scattered over the territory (about 76 working hydroelectric plants, 1843 photovoltaic plants, 2 biomass plants, 3 mini wind plants);



it has an energy mix with prevalence of hydroelectric production, which can be externally
controlled, accounting for over 92% of the overall production.

Considering the entire territory, the actual management of energy on a local level can only be
achieved in a long-term perspective. A variety of public and private subjects have to be involved
in the changes to energy systems and the process of coordination would take a long time.

In fact, a gradual approach to the introduction of energy management systems appears to be
advisable. Therefore, test driving the management systems in the public institutions of Belluno is
a good starting point. The above mentioned criteria can also be applied to the individual municipalities of the province and are, also in this limited view, sufficiently met:


Municipalities produce electric energy from RES only;



the municipalities’ electric production covers about 85% of public consumption. This percentage will increase, as there are many municipal generation units, which are being built
and authorized, while consumption is predicted to remain the same over the next years;



generation units are scattered over the territory;



the energy mix is characterized by a net predominance of hydroelectric production (of nonprogrammable type, but, in the cases of waterworks plants, with constant production all
through the year).

The possibility of organizing a VPS type management model for public bodies only, and therefore, of defining lines which involve all the interested parties, seems simple and more feasible
than including all stakeholders within the whole territory into the development of a VPS immediately. Especially the already existing municipal “ICT-tools” (Consorzio of Municipalities, companies having municipal holdings) facilitate the process.
In summary, the public bodies of Belluno already meet the preliminary criteria to successfully
start up new energy management models. The actual implementation is likely to take place in
stages (single municipality, all municipalities, extension also to private parties, etc.). From this
point of view, the Belluno case study made is a workshop-study laying the foundations for an inclusion of further subjects, groups, institutions etc. into the new energy system.
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1.4 Virtual Power System
VPS Belluno
Geographic extent of the Lorenzago di Cadore, Puos d’Alpago and San
model region
Pietro di Cadore (Virtual Load Plant) and Voltago
Agordino, Chies, Auronzo and Puos d’Alpago (Virtual Power Plant)
Virtual Power Plant (VPP)

4 small-sized hydro power plants (each less than
1000 kW), 1 photovoltaic plant (10 kW)

Virtual Load Plant (VLP)

City hall of Lorenzago, a home for elderly people in
Puos d’Alpago, a primary school in San Pietro (to be
implemented, simulated) and the public lighting system of Lorenzago’s city centre (already implemented)

Storage capabilities

Not fully developed yet

Type of grid in the model Regional distribution grid
region
ICT-concept

Remote terminal units (RTU) in RES and public facilities are managed by a supervisory control and
data acquisition system (SCADA). RTU communicates with SCADA via extended LAN owed by Consorzio BIM. In the case of public lighting the server
utilizes GSM public network.

1.5 Technical aspects of the project
Figure 27 illustrates the overall infrastructure of the VPS application. In particular, several components are visible: Hydroelectric and photovoltaic generation units, users’ consumption metering
and control (control of the loads limited to the applications in Lorenzago di Cadore City Hall and
Puos D’Alpago rest home) and public lighting optimization, metering and control are all connected
via a Virtual Power System manager.
The power plants involved in the project are connected to the national grid and they are distributed on a wide geographical area all over the province of Belluno.
The Targets
1. Energy savings
2. CO2 emission reduction
3. Technical improvement
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Fig. 27

VPS Belluno Set-Up

The Technology
From the technological point of view, the VPS designed in Belluno applies several communication
technologies, in particular:


Hydroelectric generators are connected using a radio VHF link;



A photovoltaic generator is installed on the roof of one public building (Puos d’Alpago rest
home) and is directly integrated with the LAN;



BIM Piave’s administrative building hosts the ICT server used for the photovoltaic metering and control and for the Demand Side Management.

Management Application
Public lighting control and Demand Side Management are based on Power Line Communication
(from the local RTU to the single spot light) and on GSM communication (from the local RTU to
the main ICT server)
Belluno’s VPS application was designed to test three different environments: public facilities,
scattered habitats and public road lighting.
The VPS application in Belluno works on a web-based application. It aims at saving energy, improving the technological efficiency of facilities’ equipment, reducing CO2 emissions and managing production and consumption costs in a VPS.
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Fig. 28

The VPS multiplatform diagram

The platform’s goal is to monitor the energy parameters of systems on the field in real time, to
check the energy produced by renewable energy power plants and the energy consumed in the
public buildings and services. Currently, VPS measures are applied in a part of the street lighting,
in a school, in the town halls of Lorenzago di Cadore and San Pietro di Cadore and in the Puos
d’Alpago rest home (consumption side), as well as in four decentralized micro-hydroelectric power plants and in one photovoltaic plant (production side).
Figure 28 illustrates the layout of the VPS with regard to building consumption supervision.
The energy data of the consumption side and the PV production are provided directly by the remote management and remote control apparatus supplied by CNR-Telecom Italia.
The platform is potentially versatile and capable of interfacing with any remote management apparatus for consumption or production devices. The systems are monitored with controls (energy
analyzers – wattmeters) that provide the data supervision and storage systems with respective
parameters.
The communication between wattmeters and control systems is usually based on cabled connectivity, even if in certain cases (e.g. when hydroelectric power units are in remote places) customized radio links are employed.
The application interfaces with consumption and production systems and collects all the energy
parameters in a single database after an appropriate analysis and normalization. Besides, the
different field system data structures including issues concerning the different communication
technologies adopted must be considered (especially as communication through radio links is not
always reliable and the likelihood of data anomalies is higher).
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Fig. 29

Supervision of electricity consumption

Fig. 30

Data transmission channels
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2 Implementation and effects of the VPS in the Province of Belluno
On the basis of the data obtained via the ICT-solutions explained above, the functionality of the
applications (and potentially also their implementation in working plants) is tested. The platform
enables to scale the results according to the size of the monitored system by changing the granularity of elements, which it implements. The potential application sectors of the platform are various: Public buildings, street lighting plants or energy dissipation systems in general.
The building of remote control applications is based on power line technology, a solution which is
useful to reduce costs for infrastructure, as it uses existing electric lines for communication purposes. In particular, the Belluno VPS application is based on different technical solutions (provided by Telecom Italia). In addition to the power line connection, these solutions can also make use
of LAN connections (either Wi-Fi or wired), if available.
The system provides the plants and consumption side with analyses of several areas of the monitored buildings concerning the consumption of electric energy and possibly of gas and water as
well. The application is designed to monitor the real time consumption of a building for load management applications.

Fig. 31

Process of remotely controlling household applications

As for efficiency improvement, several control actions can be adopted to ensure the correct use
of the equipment in a building. In the project’s case, the load of the rest home laundry (about 50
kW) was monitored and controlled. Moreover, the application exploits environmental sensors
(presence sensors, temperature sensors, etc.) to improve efficiency in energy consumption.
Finally, the application is able to manage a public lighting apparatus, in order to improve service
quality (malfunction auto-detection and alert) and, once again, energy efficiency (lighting activation based on astronomic clock and/or lighting level management).
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Fig. 32

Controlling public lighting via ICT

The AlpEnergy project was to shed light on whether the VPS-concept can be used to regulate
public lighting and on whether the technology can serve to render the public lighting network as a
support for the communication of the VPS general concept.
In Italy the network of public power is independent from the network of electric energy distribution, and it is owned by municipalities. In fact, one aim of the consortium was to study the network
of public lighting as a medium for transmitting data from the VPS.


The implementation of the test proceeded as following:



The geographical location for the innovative applications had to be found while taking into
account the users (smart meters) to wear the support of public systems to transmit data to
the SCADA central.



The public lighting system had to be equipped with the necessary technology:
-

framework Road concentrator with GSM modem and router PLC

-

installation of modules for each ceiling light (point light)

With the help of the ICT, the system is able to handle and identify each lamp in the street lighting
individually. It can report any faults, dimmer the lamps on and off and continuously set the right
level by adjusting the cartel exits and time settings.
It furthermore becomes possible to integrate a sensor to receive more information on the system,
intersections, buildings, small squares etc., so that the individual level of illumination necessary
can be modified accordingly. This system should be able to establish a bilateral communication
channel between utilities and the users. The data is transmitted via powerline (via the main power
supply system of public lighting), and send through the concentrator to access the SCADA central
via GPRS, HSDPA or other means.
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Fig. 33

Effects of VPS-controlled public lighting systems in Lorenzago di Cadore

The VPS-controlled public lighting system created significant results. Following the innovative
concept, energy savings of up to 35% could be achieved. The whole system became more flexible and efficient and the service life of the lamps was enhanced, which again resulted in decreasing maintenance costs. The mayor of Lorenzago is content with the results and would like to extend the project. Another result of the field test is the growing awareness of other municipalities.
Many public authorities have expressed their interest in implementing similar concepts.
The access to the VPS platform application is regulated by user profiling (with username and
password). Based on the user profile, dashboard features can be made accessible or not. Since it
is a web based application, a personal computer and an internet connection suffice to enter the
authentication area.
Apart from the various options to control, monitor and manage the components of the VPS in the
Province of Belluno, the consortium also developed an internet platform that provides feedback
and useful information for participating and interested actors. The VPS platform is able to monitor
real-time consumption and production data coming from field systems and can provide customized visualizations for any user. In the initial summary page, a panoramic view of the consumption systems status is shown.
The “Mostra DB” features are analogous, both for consumption and production systems, and they
permit to check and have a complete vision of the data obtained from the control wattmeters,
which are stored in a centralized database. Apart from having a global view of the data flow, it is
useful to constantly investigate the system for the presence of bugs or errors (e.g. due to the unreliability of the transmission technology from the wattmeters to the central system).
The “Energia Attiva” feature provides its user with a cumulative visualization and historical data
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concerning the produced/consumed kWh. The “Conto Economico” application is useful to estimate economic, environmental and energetic measures based on the correlation between the
real consumption and the simulated value of a photovoltaic power system.
The user simply has to enter parameters characterizing the hypothetical power installation (currently
only photovoltaic units); a feature of
this kind can be used in a preplanning stage to decide on the
plant which is to be built.
The last and more complex platform
function is “Logica Attuativa”. This
function can be considered a central
control room that enables the user
to keep the entire system under
control through simple and intuitive
settings.

Fig. 34
Effects of VPS-controlled public lighting systems
in Lorenzago di Cadore

.
In fact, the application is able
to monitor the system’s consumption devices in real time
and it can automatically and
autonomously intervene on the
latter through focused performances, with the aim of reaching an energy balance between
the consumption values obtained from the wattmeters and
the production values of the
power plants

Fig. 35

Logica Attuativa
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The dashboard obtains data from the monitored devices automatically and in real time and keeps
the monitored devices status and their consumption values updated.

As soon as a device’s order sequence is
confirmed, the system compares real-time
consumption with production and, if necessary, it follows the defined sequence in order
to optimize technical operations and shift
consumption into hours with a lower price for
energy. Thereby, the system serves to balance consumption and production.

Fig. 36
Load Curve of Puos d’Alpago rest
home without VPS control and with simulated
VPS control
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Once balance is reached, the system waits
until further loads require its intervention.
Figure 36 illustrates actual load curves of
Puos d’Alpago rest home without VPS application, and the effects of shifting the laundry
consumption via VPS technologies on the
load curves. Consumption peak reduction
(technical improvement) and monetary savings due to shifting part of the consumption
to a cheaper tariff zone are the immediate
results of the use of the management platform, which applies VPS principles to the
loads.
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1 The Project’s Story
The Regional Development Agency of the Gorenjska Region, BSC, Business support centre,
l.t.d., Kranj, Slovenia (RDA BSC) was founded in 1995 and specialises in regional support for
entrepreneurial and socio-economic development of the Gorenjska region. RDA BSC Kranj and
local, regional, national and international partners carry out development activities that take into
account the needs of the region and the opportunities it offers. Therefore, it actively contributes to
the creation of favourable development conditions in Gorenjska, and the establishment of a regional sustainable economic growth. Together with partners, the agency shapes the region’s development strategy and implements programmes and integral projects that strengthen the economy by linking the needs of companies and local communities with national and European development policies. The agency is also the key player in the establishment of cross-border cooperation with regions abroad. Following its mission, RDA BSC Kranj encourages enterprises within
the region to be involved in transnational development projects as formal or informal partners to
develop new services or products and to exchange know-how and see best practice examples.
The underlying idea is to strengthen their business activities, international networks and to improve the range of economic and energy efficiency oriented products and services.

1.1 Background Information and the Project’s Aims
70% of the Gorenjska Region is covered by
hills and Alpine mountains. Triglav National
Park, scattered habitats and a big share of
the environment protected by Natura 2000
require a high environmentally responsible
behaviour. On the other side, the region is
the site of a strong pool of SME’s with an
industrial orientation, large ICT- and electronics-manufacturing companies and metal and
wood processing companies that have significant development power and engage in international development and business activities.
In Gorenjska region has approximately
200.000 inhabitants. The capitol of the region
is the Kranj (54.000 inhabitants). Apart from
three cities with more than 10.000 inhabitants, the towns and villages are fairly small and scattered throughout the region. From that perspective, Gorenjska is the ideal test site for VPSrelated new technologies, products and services.
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The trend of investing in new green energy sources and technologies, as well as in energy efficient systems, is also present in Gorenjska’s regional economy, as well as in the private and public sector. The number of new energy sources connected to the regional distribution grid is constantly increasing, and the share of energy generated from DERs, particularly RES, within the
network is increasing, too.
Facing these facts, new challenges arise:













How can new energy sources be managed efficiently to enable an integration of green energy in the distribution grid?
How many energy sources located in a limited area suffice to establish a sustainable self
sufficient energy area (“green area”, “green town” or “green village”)?
How can the resulting Virtual Power System (VPS) be managed?
What kind of equipment and technology is needed for an efficiently functioning VPS?
Can regional players be encouraged to start developing new, innovative products and services that can support the VPS? Could the resulting products and services help the regional businesses to grow?
Are these new, innovative products and services encouraging energy savings and enabling personal, private and public savings?
Can the quality of energy in the power grid be improved? Can problems resulting from
peak consumption be minimised?
Will the project’s activities have a positive impact on the regional economy, environment
and ecology?
Will the project’s activities have a positive impact on cross border and international cooperation, on know-how-exchange and best practice-examples?
Will the project’s activities raise awareness for the future development of new eco-friendly
products and services and the usage of eco-friendly products and services in daily life?
Will the project’s activities encourage the public and private sector to increase the number
of investments in eco friendly products, technology and energy sources?

The participation in the AlpEnergy project rendered the opportunity to the project’s consortium to
pos answer each of mentioned questions in the affirmative. RDA-BSC closely collaborated with
the electricity distribution company in the region, Elektro Gorenjska (ELGO), as well as with a
smart meter manufacturer, Iskraemeco, which is located in the Gorenjska region. Furthermore,
RDA-BSC works with a variety of other companies engaged in the energy and ICT sector.
For the project’s purposes, RDA-BSC developed a regional partnership with the aforementioned
companies for the implementation of the project activities. Within the project’s life cycle, the development of new innovative services, products, interoperability standards and new support software has started. These new "elements" are basic components of a VPS. Unfortunately however,
these highly innovative technologies were not available for a potential test site in time. As a result, the project consortium was unable to implement the newly developed solutions in a field test
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during the AlpEnergy project activities. This had already been predicted in the project proposal.
AlpEnergy, nevertheless, resulted in the fruitful, successful collaboration and development activity
of the following companies:

Responsible for the development of new software and support services
Responsible for the development of the Smart Meter of the 2nd generation

Fig. 37

Goenjska partnership

1.2 The Masterplan
Gorenjska's masterplan was developed in cooperation with ELGO, who provided the necessary
data, and lists and elaborates a number of development activities that should be implemented to
create a functioning VPS system within the region. The electricity distribution company ELGO has
decided to replace all classic electric meters with new smart meters in households and companies within the next 5 years. The development period for a VPS was set according to the
timeframe for the smart meter rollout and is, in fact, to take place between 2010 and 2015. Considering potential delays, the implementation phase might have to be extended until 2017. Within
this period, all customers should be equipped with new smart meters, but also other technologies,
equipment and support software that are to be developed and installed.
The regional customers’ state can be described as following:


»Big consumption«: Relating to consumers with power measurements. According to a
law, their consumption needs to be read off the meter on a monthly basis. They are now
already equipped with AMR (Automated Meter Reading) smart meters.



»Small consumption« (commercial customers): Relating to consumers without power
measurements (e.g. business customers), their electricity is read off the meter on a
monthly base. These consumers can be further divided into:
- consumers with remote reading
- consumers with manual reading



Households (residential customers): consumption of energy is read off the meter only
once a year
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The regional electricity distributor, ELGO, is supplying all consumers via the distribution grid – in
fact, all consumers are connected to ELGO. ELGO has approximately 85.000 customers that will
be, as a result of the aforementioned plan, connected via smart meters and VPS technologies in
the near future. In some local areas, they need to be connected to local VPS systems as well.
On the other hand, smart meters also allow for the metering of other goods (e.g. water or gas).
Accordingly, the consumption of gas or water could be a topic of forecasting, energy consumption
savings, data processing etc..
The state of renewable energy sources in the region can be described as following:
Gorenjska is covered with mountains. In fact, hydro power plants (HPP) have a high potential.
The region could benefit mainly from an increasing number of small and middle sized HPP. An
analysis of the situation revealed a potential of additional 20.000 KW of electric power through
HPP within the region. The big obstacle is the legislation and resulting complex procedures that
have to be followed, if an investment in HPP - even small ones - is to succeed.



Existing installed capacity of small hydro power plants (SHP): 40.581 kW; number of SHP
= 164
Estimated potential of SHP in the future: about 20.000 kW

Solar Power Plants (SPP) are becoming increasingly popular: Each year more and more people/companies invest in SPPs. This trend is likely to continue in the future.



Existing installed capacity of SPPs: 1.179 kW; number of SPPs: 50
Estimated potential of SPPs in the future: around 23.000 kW (1000 installations, average
power of 23 kW till year 2030); investments in SPPs will continue after the year 2030.

With regard to Combined Heat and Power Plants (CHP plants), the situation can be described as
following:



Existing installed capacity of CHP plants: 1,2 MW
Estimated installed capacity CHP plants in close future: 10 MW, following the present
trend, also this type of investments will continue in the future.

Gorenjska's masterplan is based on a Status Quo Study and a SWOT analysis. Both documents
elaborate a variety of benefits that can be accessed, once Automatic Measuring (AM) and VPS
systems within the region are implemented. Benefits are in that case distributed between:
 Communities
 SME’s
 Producers of Energy
 State
 Consumers: residential, commercial
 Neighboring regions (also crossborder regions)
 Grid Operators
 Nature/scattered habitats
 Regional economy
Yet, obtaining the expected benefits is difficult. SQS displays some serious barriers and obstacles for the successful implementation of AM and VPS systems in regional economy. These ob72
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stacles are related to:






Existing legislation affecting production, distribution and consumption of energy
Personal data processing matters
Large costs for the implementation of both systems
No governmental support/subsidies for the implementation
No governmental support/ subsidies for the development of new products and services (or
SME’s) related to implementation of such systems

The companies (also distributors) involved in development and implementation depend on themselves. The costs for the development and implementation have to be shouldered by them alone.
The speed of the implementation can, in fact, only be accelerated by them as well.
This problem is substantial. The benefits resulting from the VPS technologies are interesting from
a national perspective, too. Yet, the government does not incentivize or facilitate the development. This situation has consequences:






Implementation of both systems in the field (AMI and VPS) will take a long time
Less innovative products and services will be developed
Less new companies will emerge
Less savings on each level (CO2 emissions, financial etc.)
Prolonged pollution of nature

The AlpEnergy project led the involved partners to formulate the masterplan for the region. From
that point of view, the Alp Energy project receives additional support by new products and service
development and positive interaction between energy consumption potential and energy generation potential. The interaction and balancing of generation and consumption will – in a long-term
perspective - incentivize public and private investments in Virtual Power System and metering
technologies and, thus, additionally lower pollution of nature and increase the protection of scattered habitats.

1.3 Virtual Power System
If the goal is to establish an effective VPS within the Gorenjska region, the following key objectives must be fulfilled:








Reduction of electricity consumption (estimated by 1%/year)
Reduction of consumption of other energy sources
Increased use of renewables
Higher number of new installations related to RES
Higher number of new local green energy sources
More efficient use of locally produced energy
Decrease of energy losses in the power grid
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Better quality of electric energy in power grid
„A Virtual Power System inteReduction of CO2 emissions (55,000 tons/year) (less
grates, manages and controls
pollution-environmental protection)
distributed energy generators
and storage capacities and
Reduction of peak demand for the benefit of transmislinks their technical operation
sion and distribution grid operators and electricity generto the demand of consumers
ators
and the energy market.”
Improvement of legislation (dynamic tariffs etc..)
Improvement of governmental support for project related to AM and VPS
Development of CBC business cooperation, new VPS product/service development, new
products/services placements

It is quite obvious that the key objectives can be reached. The question is – When? As long as
companies involved are to cover all development and implementation costs by themselves, the
process of implementation will remain slow. With additional governmental support, these objectives as well as the relating benefits could be reached quite soon, which might be a major stimulus for all partners concerned with implementation activities.

1.4 The Implementation of the VPS Gorjenska
The consortium developed a detailed implementation plan. However, due to the delays caused by
the unavailable technology, the plan could not be realised yet. The consortium still aims to catch
up in developing the test site and implement the technologies in a field test at a later point in time.
The implementation of the VPS depends on the realization of development projects that are listed
below. In fact, milestones for final VPS-implementation are:
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Successful implementation and testing of a PILOT VPS
Equipping approximately 85.000 customers (residential/commercial) with smart meters
Equipping approximately 54.000 further energy measuring locations with smart meters
Development and equipment of devices for the power grid that will communicate with meters/other devices/equipment
Development of communication and interoperability support for soft- and hardware
Development of data processing support software
Development of energy consumption forecast software
Development of energy generation forecast/prognosis software
Development of new products and services for target groups
Establishment of international and CBC cooperation in development and products/services
placement
Incentivizing changeof legislation related to benefits of smart metering and VPS
Increase in importance and recognition of AM, VPS and related development projects on
state level (for ameliorated support) through promotion and creation of awareness

Gorenjska Case Study

The following partners will keep on working on research and development activities and implementation of an AMI/VPS system pilot:







RDA-BSC: Responsible for fundraising, partnership building, organization, control, project
development, revision, motivation, contacting policy makers, project management, international partnership building, development etc..
Elektro Gorenjska: Role of electricity distributor, owner of power grid, co-financer of the
development of meters, interfaces, buyers of meters, exchange of meters, pilot VPS etc..
ISKRAEMECO: Role of manufacturer and developer of smart meters, interfaces, standards, communication tools etc..
AlpEnergy partners: Offer opportunity to exchange know-how, experience, best practice
and cooperation by development of the pilot and a real VPS
Regional or other Slovenian SME’s: Role of developers of some products/services, software to support implementation of the pilot VPS.

˚˚˚˚ ˚˚
Fig. 37

Ideal structure for the implementation of a VPS

1.5 Load Shifting Potentials resulting from electric cars
The advancement of electric cars is not particularly strong in Slovenia. The utilization of other
types of storage facilities for electric energy is still low and not increasing either. Infrastructure for
electric cars is poorly developed and the current usage of electric cars is close to non-existant.
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Accordingly, the load-shifting potential within the region Gorenjska resulting from storage facilities
remains to be further investigated. Other options have to be taken into account and studied.

2 The Pilot
The pilot activities developed for the Gorenjska region consisted of the realization and, in fact,
actual operation of a VPS in the area. This means that it was intended to develop interoperable
smart meters of a 2nd generation and other ICT tools that support the exchange of data on energy
production and consumption in a specific territory that could be treated as a VPS. VPS consist of
energy production units (Hydro PP, Solar PP, biomass PP, cogeneration, etc) and consumption
units (companies, households). In the beginning, the plan for the Gorenjska VPS also included
the installation of at least 100 new smart meters that were to be tested on the terrain. Two major
project partners – ELGO and ISKRAEMECO – were interested to test new products under real
circumstances.
The area, in which new interoperable Smart Meters and other equipment were set to be installed
and tested, is located in the municipality Tržič. In fact, the pilot was named VPS Tržič. The main
characteristics of this area, from the VPS point of view, are the 32 RES units and more than 6000
consumers connected to the distribution grid within this region.

VPS Tržič (field test not implemented)

Virtual Power Plant (VPP)

25 Hydro Power Plants (installed capacity:
11,3 MV/a); 6 Solar power units; 1 CHP
plant

Virtual Load Plant (VLP)

6185 (consumption 2009: 87,294 MWh)

Storage capabilities

-

Type of grid in the model re- Regional distribution grid
gion
ICT-concept

Smart Meters

Besides the tests of VPS technology and equipment, the challenge was to identify the profile of
production and consumption of electricity within the determined area and to find the answer for
the following question: How can both profiles be balanced? The hypothesis is that intervention measures directly influencing consumption and production are needed.
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2.1 Research Design and Schedule
The original time schedule for the implementation is shown below. The implementation plan conceptualized for VPS Trzic included 11 steps:
1. Find answers for the questions “WHY”: VPS/SM is improves the service quality for which kind
of users? Technology/service providers, households, producers, distributors, suppliers, communities?
2. PIAR- Public communication and awareness raising
3. Development of interoperable Smart Meters and other equipment as well as ICT support

Schedule for the project ALPENERGY in Gorenjska
4. Fabric Acceptance Test (FAT test) (fabric/lab) acceptance test of:
a) different counter elements of different types of counters (same producer) + software
b) different counters of different producers (also water, gas etc.) + software (IskraEmeco,
Landis Gyr, Itron)
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5. Education and training of installers
6. Site Acceptance test (SAT TEST) – Pilot project + (installation of 100 Smart Meters and ICT
systems - PILOT VPS - behavior in real environment)
7. Monitoring: monitoring operations of technology and data – work on “live system”
8. New development and improvements
9. Operation of VPS + test
10. Prognosis, intervention and data processing models
11. Public promotion and promotion for users
If this schedule had been fulfilled, all these steps should have been implemented
until late 2011 corresponding to the finalization of the AlpEnergy project. However, as already
mentioned, the project suffered from delays and the implementation plan could not be followed.
2.2 Information- and Communication-Technology:
Step 3 of the initial implementation plan involved the development of new ICT-devices. In general, two types of software were to be developed:


software for the processing of data coming from VPS equipment (meters, concentrators,
PLC/GPRS modules and interfaces)



software supporting the new services for different target groups (customers, suppliers,
distributors)

2.2 Selection and Acquisition of Pilot Customers
RDA-BSC and ELGO prepared a promotion campaign for private customers, as they were considered the most important target group. The customers were to take part in the SAT TEST and
the VPS pilot. In fact, extra benefits for the customers willing to participate were developed: They
could have received some low energy bulbs, access to feedback on their energy consumption
and other useful information and dynamic tariffs would have rendered the opportunity to save
money and shift loads.
In fact, the project consortium was positive to acquire the set target of 100 households for the
installation of 100 smart meters and other VPS equipment. Since the field test was cancelled, the
campaign was not initiated.
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2.3 The Field Test
The basic elements for the pilot VPS system planned to be installed in Tržič area were:



interoperable smart meters of the 2nd generation
support software for data processing and new services

In early 2010, ELGO signed a commercial contract with ISKRAEMECO to start the development
of interoperable Smart Meter of the 2nd generation.
As the idea to develop interoperable smart meters is highly attractive, more renowned smart meter-manufacturing companies joined the collective development efforts. Landis+Gyr and Itron
joined the research team. The international collaboration had an unfortunate side effect: The development of the interoperable smart meter, which was to be called IDIS, resulted in huge delays
for the implementation of the pilot VPS in Gorenjska region. At the beginning of the year 2011,
smart meters and other equipment were developed and the FAT test was taking place within the
companies’ walls. The tests succeeded, yet some improvements are in process anticipating test
results. The involvement of different companies in the development process resulted in a delay of
the delivery of the smart meters that should have been ready for operation in the SAT-test.
Until mid-2011, the SAT-test was postponed several times, as needs for improvements of some
components of the smart meters and the software emerged. In fact, new development activities
were implemented to improve the communication protocols and, therefore, the flawless communication between the VPS-components. When the interoperable smart meter’s testing was finished and the product was ready to be deployed in the customers’ households, it was too late for
the AlpEnergy field test.

Source: IskraEmeco ppt presentation, Cigre, 2011
Fig. 38

The IDIS smart meter
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The most important pilot implementation activities during the year 2011 were:


Consortium of ISKRAEMECO, Landis+Gyr and Itron succeeded in developing the interoperable smart meter called IDIS (Interoperable Device Interface Specification). The new
product has passed the SAT tests on different markets, which proves that IDIS smart meters operate flawlessly using newly developed interoperability communication protocols
that allow for communication with VPS equipment produced by different manufacturing
companies.



The consortium established a non-profit association, called IDIS, located in Zug, Switzerland. It promotes the IDIS interoperability standard. The association is open for any new
members.



Equipment produced under the IDIS standard supports the following functions: basic IDIS
functionality, disconnection/reconnection, load management, multi-utility metering (source:
IDIS certificate issued by IDIS Association), which happen to be the basic functions of VPS
systems.

The development of support software for data processing and new services took place in a similar manner. In the beginning of the year 2010, ELGO signed a commercial contract with three
companies to develop “SUPERMAN - INTELIGENT ELECTROENERGY PLATFORM FOR SUPERVISION AND MANAGEMENT OF DISTRIBUTED ENERGY SOURCES AND CONSUMERS”. A Consortium of the following companies is responsible for this development: Iskra Mis,
Solvera Lynks, ELGO and Gorenjske elektrarne. This development of this software is heavily
delayed and still ongoing. The software is to calculate prognoses of production and consumption
of electric energy and might, therefore, serve an important function in future VPS.
As a next step in development, ELGO published a tender for development of billing and customer
support software in November 2011 to finance the development of such software. This software
will not be developed until the middle of the year 2012.
The project’s results can be summarized in the following: The development of the IDIS smart meter is concluded and IDIS passed the SAT-tests on different markets. The advantage of the IDIS
smart meter is the absolutely guaranteed interoperability between VPS equipment of different
producers. The first formal presentation of the new IDIS smart meter and the corresponding interoperability standard took place at the CIGRE event held on June 1rst 2011 in Ljubljana. The
installation of IDIS smart meter can now start on the test site in Gorenjska, but the delay in the
development of support software (Supermen, Billing and Customer Support) still does not allow
for an implementation of the project’s field tests as they were planned beforehand.
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3 Results
Although no field test could take place during the AlpEnergy project, the consortium was not disappointed. As a matter of fact, the implementation of the AlpEnergy activities initiated a variety of
development activities that resulted in highly efficient new technology and software solutions.
RDA-BSC and ELGO organized the Bled Summer School about VPS systems in March 2009
together. RDA-BSC was also involved in regional and national surveys and analyses, and offered
support and encouragement for the development of the innovative smart meter products and
highly useful interoperability standards. RDA-BSC supported ELGO concerning the development
of a VPS masterplan for the Gorenjska region. Furthermore, a status quo study, a study about
interoperability standards and a study on business models for a VPS were conducted. Furthermore, ELGO ordered a VPS implementation feasibility study, which also represents an output of
the AlpEnergy project.
Encouraged by the exchange of know how between AlpEnergy partners and the proper local
conditions (local manufacturers of smart meters), the Slovenian consortium planned a pilot and
ELGO decided to foster development activities regarding new smart meters, equipment and software. It has signed commercial contracts and started to finance development activities. The results of these activities are very tangible: New interoperable smart meters of the 2nd generation
and the new interoperability standard IDIS. The joint development even encouraged international
companies to become involved in the consortium. The development of prognoses software is still
ongoing.
The consortium took part in the development of guidelines for national and regional political decision makers on how to foster renewable energies by promoting the VPS model and contributed
by preparing other guidelines, reports and documents. It frequently created input for the AlpEnergy website and made a significant effort to promote and disseminate the project’s activities and
results.
Finally, by taking part in AlpEnergy, the consortium was able to observe different approaches for
the development and operation of a VPS. Through project activities and involved companies,
added value could be delivered to the regional economy as well as to international cooperation by
means of exchange of know-how. In fact, the consortium is positive that a VPS can be installed in
the region in the near future. AlpEnergy turned out to be the starting point of a long term development.
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1 The Project’s Story
The Province of Mantova is the public body managing a territory with 400.000 inhabitants consisting of 70 municipalities. Their authority also relates to the field of energy planning: The general
goal is to provide management and technical tools to increase the energy production from renewable sources, to simplify the energy planning for municipalities, to create better conditions for
the integration of RES plants on the electric grid and on the energy market.

1.1 Background Information and the Project’s Aims
Prior to the AlpEnergy project, the Province of Mantova did not have a detailed list or a map of
the RES plants of the territory at its disposition. Furthermore, there were no figures and data on
the generation from RES or data on their relationship to the local consumption available. Instead,
a large archive of RES plants projects (i.e. for the requests to the Province of Mantova to authorize the construction of new RES plants) was at hand, which required organizational efforts in order to grasp the situation concerning already existing RES plants. Data on their locations, the
technologies they are based on and their specific generation particularly in comparison to the
local consumption had to be compiled systematically. The existing RES plants also included
many plants built before 2006 with municipal or regional authorization. These plants are mostly
solar (photovoltaic) systems, biogas co-generators and hydro power plants. They were all connected to the distribution grid without adding special communication-, management- or forecastdevices to enable a controlled generation. The Province of Mantova’s activities in the AlpEnergy
project can be understood within this context. The project rendered the opportunity to list and
map the RES plants, to fix a definitive starting point for the analysis of the RES production and
the development of the environmental goals with respect to energy. Furthermore, the best area to
develop the local virtual power system composed of the RES plants of a small area (municipality)
and its energy users (public or private) was to be found during the project. Market opportunities
and the reduction of energy losses, both for users and RES producers, as well as the development of new RES plants were considered possible benefits. The VPS model could, in fact, also
become a management tool for local energy planning (to control the balance between local RES
production and energy consumption).
The AlpEnergy project additionally enabled an exchange of information and experience with the
other international partners and the involvement of national and local experts, stakeholders and
authority to share the general aims of the project and the local problems, solutions and goals.
Thus, universities, energy distributors, energy agencies, other institutions, associations and
SMEs became a part of the AlpEnergy-community.
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Fig. 39

The Mantova consortium for the AlpEnergy field test

1.2 The Masterplan
The project’s first result was the development of a masterplan for the province of Mantova. Mantova’s masterplan describes the long-term path required to develop a new energy management
based on the Virtual Power System approach, which results in local foreseeable RES power production that is to match the local consumption.
The basic tasks identified in the masterplan are


the detailed description of the characteristics of a VPS model for the province of Mantova,



the identification of the best areas for the field test and the future implementations,



a list of the barriers impeding the diffusion of RES plants and the possible solutions considered in the VPS,



the development of a case study with an analysis of results and feedback revision of the
model,



the insertion of the VPS model in the energy plans of the municipalities of the Province of
Mantova and development of new systems.

The masterplan is based on a SWOT-analysis, which highlights drivers and barriers influencing
the implementation of a VPS and the diffusion of RES plants in Mantova.
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1.3 Virtual Power System

VPS Mantova
Geographic extent
of the model region

Province of Mantova; each VPS has a
Municipal extension (a single primary
cabin)

Virtual Power Plant
(VPP)

3 PV-facilities, 1 Biogas CHP-facilities
(combined generation: 400 MWh/a)

Virtual Load Plant
(VLP)

2 public buildings – schools owned by
the Province of Mantova (combined
load: 220 MWh/a)

Storage capabilities

Biogas storage

Type of grid in the
model region

Distribution grid owned by Terna and
Enel Distribuzione

ICT-concept

Smart Meter with GPRS Communication, energy management appliances

„A Virtual Power System
integrates, manages and
controls distributed energy
generators and storage
capacities and links their
technical operation to the
demand of consumers and
the energy market.”

1.4 The Implementation of the VPS Mantova
The implementation concepts for the Mantova VPS define the characteristics of the VPS model
applied in the field test. It also renders a detailed description of the selected area for the field test,
which includes a list and map of all available RES plants and a list of consumers to be connected
by the communication and management system.
The Mantova VPS-concept combines decentralized generation facilities into a Virtual Power Plant
(VPP) and several residential and commercial customers into a Virtual Load Plant (VLP). The
idea is to manage the VPS in order to be able to forecast a reference value for a balance of the
whole system (power and load) on an hourly basis.
After a deep analysis of the distribution grid, public users’ locations and consumption, RES
plants’ locations, power and production in the entire area of the province of Mantova (culminated
in the realization of a GIS map for the local status quo), the attention for the test application was
focused on the Suzzara municipality. On the generation site, this municipality has a small-power
biogas co-generator at hand (about 100 kW, the right size for a medium-sized cattle farm, which
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generates energy from waste), which annually generates about the same amount of energy as a
few photovoltaic systems. On the demand side, Suzzara is the site of big schools acting as energy consumers and has the support of the municipality’s authorities that decided to include the
Alpenergy project and the VPS concept in its energy plan as an action and a tool to improve the
energy efficiency of the territory. The demand and supply side are both connected to one primary
cabin that serves for the grid of the entire municipality. Suzzara’s observed energy system, therefore, offers the best characteristics for the implementation of a simplified VPS-model within a field
test.
The VPS has to forecast the hourly energy balance for the next day on the base of the weather
forecast (to estimate the PV production), user profiles and the average power of the biogas cogenerator. Subsequently, on the next day, the VPS has to measure the energy generation and
consumption of the VPS elements every 15 minutes, thereby detecting the difference between
the real energy balance and the forecast. In order to maintain the forecast-data, deviations must
be corrected with a feedback action. This feedback includes the regulation of the biogas cogenerator, meaning that its generation can be in- or decreased at demand in order to level out or
at least reduce deviations from the forecast. In particular, a biogas power plant is exploited as a
storage apparatus, able to take advantage of the natural gasometer to decouple biogas production and electricity conversion. The adopted biogas technology consists in a small-sized power
plant, which makes use of the local agriculture and biological waste from farming, in order to either obtain biogas or, in a second step, to feed the (limited) electrical requirement of the surrounding area. The costs of the VPS are composed of the costs for new smart meters and communication systems, the weather report data and, most of all, the bigger size of the co-generator
and biogas storage. Usually, co-generators are utilized at maximum power level, whereas they
have to be operated at medium power level for the AlpEnergy field test. A new incentive in form
of a tariff for VPS production was designed to pay these additional costs.

1.5 Developing VPS Incentives
While developing the project, the Mantova consortium created its own VPS concept including
several technical and economic considerations and had many opportunities to present its ideas.
In August 2010, a new incentive in form of a law for PV systems was enacted that served to regulate the field from 2011 on. The law contained a definition of VPS that is absolutely identical to
the one developed by the Province of Mantova for the AlpEnergy project. Generation from PV
systems that are a part of a VPS received higher incentives in form of a special tariff (+20% in
comparison to normal tariff), but the specific rules to manage this system were not implemented.
In March 2011, the entire law was substituted by a new one that does not include a special VPS
tariff. The responsible authority justified the decision explaining that more information about the
actual benefits deriving from the VPS concept are required (technical and economic benefits for
the distribution grid, users and market) before it can be supported via specific tariffs. They fur-
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thermore stated the necessity to increase the specification for the rules concerning the foreseeable load profile system (= VPS definition in the law) in order to avoid an exploitation of VPS tariff
design by operators of fossil fuel driven generation facilities. These legislative events demonstrated the importance of the AlpEnergy masterplan and the VPS field test: On the one hand, a
need for Virtual Power Systems exists, but on the other hand it is difficult to estimate the economic advantage that VPSs can generate. The AlpEnergy experimentation sites are able to offer answers. Some of them could be found during the project development, others will emerge gradually in a long term perspective. The precise evaluation of the benefits for the grid, final customers,
RES operators and the market might be a decisive influence in the final formulation of a tariff
scheme that could be able to stimulate the growth of many new VPS applications. This evaluation
could turn out to be the major challenge for the Province of Mantova in the energy field for the
next years and the AlpEnergy project equipped them with first result and know-how concerning
VPS pilot applications.

2 The Pilot
2.1 Research Design and Schedule
The first step was the definition of the VPS model:


Foreseeable load profile system;



Mix of energy users and RES producers (comparable load and generation);



uncontrollable generation(photovoltaic or wind power) comparable with controllable generation (biomass and biogas plants);



Energy forecast performed day-ahead = real energy generation measured for each hour
from 8 a.m. to 8 p.m. for at least 300 days per year (10% error allowed).

The second step was the definition of the test area. Between 2009 and 2010, the Province of
Mantova selected PV and biogas plants in the area of Viadana and Suzzara. After a Matlab simulation based on the data already collected from the plants owners, it was decided to implement
the VPS solutions in Suzzara. The selection and involvement of the volunteers and the list of the
VPS-components are described in the paragraph 2.3.
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Fig. 40

VPS global architecture

2.2 Selection of Pilot RES plants and users
By the support of the Suzzara municipality officials, RES operators were involved in the project.
The municipality included the AlpEnergy into its energy plan and supported the Province of Mantova by organizing workshops and meetings that were to introduce the project to a broader public
audience and to recruit volunteers for the field test.
The components of the VPS are:
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Azienda Agricola Franchi (Pig farm – Biogas power plant 80 kW);



Mobili Ghidoni (Furniture store – PV system 13,65 kW);



Bertolini (Furniture store – PV system 15,38 kW);



Rodari kindergarten (school – PV system 15 kW);



Manzoni high school (user – max. power supply 100 kW);



Strozzi high school (user – max. power supply 39 kW).

Mantova Case Study

Fig. 41

The biogas power plant (storage and co-generator) and the Mobili Ghidoni PV
plant of Mantova VPS
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2.3 Information- and Communication-Technology: software and hardware

Metering infrastructure designed for photovoltaic power plants

Metering infrastructure designed for biogas power plant
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Metering infrastructure designed for load power plants

General architecture of the ICT structure for data management
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The implementation of the VPS Mantova required the deployment adequate software and hardware:


innovative Smart Meters (the meter, which were already installed in the test site, are
owned by GSE and Enel Distribuzione and are unable to send meter data on an hourly
basis);



Data logger and communication system (GPRS router with SIM card);



Central manager for all received
stract/evaluate/etc. (feedback);



Weather forecast (solar radiation, wind, temperature) for each PV plant automatically supplied to the Central manager to facilitate the accurate prognosis of energy generation;



Software able to produce the energy forecast for the whole VPS and to compare energy
forecast to the actual metering data every 15 minutes, able to determine the necessary
feedback actions and transmit them to RES operators (biogas co-generator regulation).

data

from

meters,

prognoses

etc.

to ab-

The Province of Mantova and its technical support Agire Energy Agency deeply explored the
market looking for the best technical partners in terms of hardware and software supply. The decision-making process took time, as a variety of suppliers each offering individual services necessary for a VPS-implementation existed, but no company could offer the whole range of services. Many companies were contacted and informed about the AlpEnergy project’s technical
needs. In-depth analyses on the capabilities of Telecom (Smart Town system), Energy Team
(Politecnico of Milan supplier), Electrex – Akse (smart meter), Kenergia (smart metering and PV
forecast and control), Datameteo (Weather forecast supplier), R e B Impianti (power systems), Icubo - University of Parma (IT supplier) were completed during the decision-making process.
The analysis led to the decision to cooperate with I-cubo, the company connected to the engineering department of the University of Parma. The other companies were also able suplliers of a
specific element of the VPS model, but not as motivated to furthermore develop the other necessary parts during the project. I-cubo had the idea to develop the entire hardware structure as well
as the data collection technologies and a supervision of the feedback analysis while using completely open source components. Datameteo is the company in charge of the provision of weather forecasts while the algorithms and software were to be developed by Politecnico of Milan (Energy forecast) and Agire with the support of University of Bologna – engineering, energy department.
From the technological point of view, the Mantova VPS-application is based on a commercial
apparatus, adapted to the VPS requirement by the use of firmware programming in order to manage the electric energy metering and the lighting/radiance sensors.
The electric meters are based on an IME D4-L apparatus, exploiting a pulse output proportional
to the energy consumption, while the logger apparatuses are based on FEIM apparatuses (pro-
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vided by the Italian company I-Cubo s.r.l.).
The FEIM device is a microcontroller-based, programmable network interface. Its firmware has
been fully redesigned for the project’s purposes. FEIM receives and processes signals from the
meter pulse output and accordingly calculates the energy consumption level. FEIM apparatuses
are provided with analogue input ports, suitable for the collection of data from lighting/temperature/radiance/wind sensors; they also feature output ports (either analogue or digital),
which can be used to implement feedback paths in the future or to control biogas power plants or
controlled loads in households in order to match the required energy profile. Finally, an Ethernet port links the FEIM apparatus to a GPRS router (Lipari 1000 components, from Tiesse s.p.a.).
Basically, the system is organized as follows: At each location, a common infrastructure, consisting of the energy meter, the data logger and the GPRS router, is deployed as shown in figures. A
shared MySQL database (currently located at the University of Parma, to be relocated soon) is
accessed by each VPS node every 15 minutes, logging current energy production/consumption.
Collected data are then available for processing and web publication (an Apache server and
PHP-based applications have been developed) in real time. Along the same lines, data coming
from plant sensors will be accessed and stored, to be exploited for better correlating weather
forecasts and expected energy estimates. A real-time comparison against energy forecasts will
enable control of the feedback, which aims to either match the controlled loads on the demand
side or decreases the generation from the biogas-plant. The monitoring section has been fully
developed and validated, initially through lab testing and subsequently by implementing three
units at PV and biogas plants. Physical implementation was minimally invasive, requiring just a
short disconnection (few minutes) of the main powerlines and not calling for any change in the
existing system setup. All of the deployed monitoring stations are actually already enabled for a
connection of additional sensors and for the implementation of feedback paths. The monitoring
system does not interact with the pre-existing plant control, so that no additional risk of malfunctioning has been introduced. Data collection started in August 2011, although some problems,
apparently related to the GPRS network coverage, had to be fixed in the end of November. The
VPS communication system allows to collect the required data (historical generation data, weather forecasts, etc.), to centralize the prognosis process and to communicate the results to the
Transmission System Operator.
The system functions and the data collected thereby allows for the Matlab energy forecast software and the MicrosoftOffice Visual Basic feedback control software to work to function as well.
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Two different algorithms work in the software operating inside the central energy manager
(Transmission System Operator):


an energy forecast software based on Matlab and developed by Politecnico of Milan;



an energy comparison software that controls the regulation of the biogas co-generator in order to correct the hourly energy production (with a feedback action every 15 minutes) according to the forecast for the whole VPS. The biogas storage and options to in/decrease the generation from the co-generator (range 40 – 80 kW) allows for the adoption of the actual energy
profiles to the prognoses.

The software monitors the energy balance and initiates the suitable generation every 15 minutes
(supposing that PV generation remains steady in this period of time),
During the time band 8:00-20:00 h, the software has to fulfil the following tasks:


Calculation of difference between power forecast and power measurement (every 15 minutes)



In order to reduce (cancel) the difference between the generation forecast and the actually
metered generation in the first quarter of the hour, the software regulates the biogas cogenerator by changing the setup from the nominal power (60kW) to a suitable value included
in the regulation range (40-80 kW); in the same time the software monitors the energy storage
system.

The calculation and the regulation are repeated every 15 minutes: Finally, at the end of the hour,
the software calculates the error between metered and prognosed energy generation.

2.4 The Field Test
The VPS is implemented and functions, but collected data so far only captures a few months: The
algorithm’s performances are not optimized yet, because accuracy increases applying real data.
The test has already delivered the first results. It is important to note that the test consists of the
real energy forecast, real measuring and comparison with the energy production and simulation
of the feedback on the biogas plant. Although the VPS is able to transmit the feedback signal to
the biogas plant, the action was only simulated, because the existing plant has been receiving the
same pre-existing tariff for its generation since 2008 and is not interested in any kind of VPS regulation that could be useful for new plants connected within a VPS with special tariffs. The VPS
regulation can only be tested manually for periodical checks. Nevertheless,, the simulation did not
turn out be a problem for a successful pilot implementation: It is possible to simulate exactly what
will happen within an intact VPS regulation – using the data that is collected in the field test, it is
possible to control the system with the actual biogas and photovoltaic generation.
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3 Results
The Mantova VPS functions and the Province of Mantova and the partners of the local consortium are collecting reliable data and experience. However, the test has to continue for at least another year in order to collect enough information and results to achieve the targets presented in
the masterplan and to communicate undisputable conclusions of the VPS test to Ministry of the
Economic Development, the Energy Authority and the other public bodies involved in the energy
legislation. These institutions have to be persuaded to enact a favourable VPS incentives mechanism.

Fig. 42

VPS control: comparison between energy forecast and measure

Until now, just considering the power production, with the actual biogas and PV units connected
in the VPS, it is possible to control the VPS energy balance with respect to the day before forecast. Figure 42 illustrates a comparison between the day ahead prognosis for generation (green
curve) and the generation that was actually metered (blue curve). There are only slight deviations
between the generation prognosis and the actual generation, due to the improved prognosis systems and the options to intervene in the processes of the RES connected to Mantova’s VPS.
A first simulation that added photovoltaic units to the VPS set-up without changing the biogas
schedules was carried out. The results can be observed in figure 47 and can be considered encouraging. It was still possible to control the VPS balance and to maintain an error rate of under
10% over the 83% of the days with respect to day-ahead forecasts.
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VPS control for 25 days with 150 kW PV power (search of maximum PV power controllable with
80 kW biogas plant)

In the future, the test will include the consumption side into the VPS system and try to establish
complete energy balance. Therefore, the duration of the test has to be extended from a few
months to a full year. The next important result that needs to be obtained is an understanding of
economic benefits and costs of the system. It will create a long term perspective and help to decide on incentives for the VPS. The costs and benefits are related to the equipment (hardware
and software) described in the paragraph 2.2, but most of to the power size of the co-generator
that has to be designed to work at the average power instead of the maximum, and consequently
of the storage that has to increase. The economic considerations concerning the market and the
new opportunities for the local green power supply (also connected with a dedicated brand) are
still difficult to be quantified, but the companies and SMEs involved as stakeholders in the project
have demonstrated great interest in the options.
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1. The Project’s Story
1.1 Background Information and the Project’s Aims
The French electricity demand profile is often considered to be atypical for Europe. The illustration below demonstrates the significantly and continuously increasing energy demand during the
last decades. This is a result of a high deployment of electrical heating that appeared favourable
due to the nuclear power generation capacity in France and was initiated by the promotional efforts of its national electricity utility.

Source: MEEDDM SOeS

Fig. 43

Development of peak demand in France

Actually, electrical heating today results in more than 10% of the total electricity consumption (50
TWh).
In case of the Rhône-Alpes, more than 22% of the households in the region are equipped with
electrical heating systems. The number has been growing significantly particularly during the last
3 years and, thus, reached 70% in new buildings.
The AlpEnergy project in the Rhône-Alpes was to include two experiments corresponding to the
two types of aggregation that might be solutions for the growing energy demand


Consumption/loads aggregation,



Production aggregation.

The consumption aggregation might result in the establishment of a Virtual Load Plant, whereas
the aggregation of production units equals the development of a Virtual Power Plant. The experiments both add to the efforts to balance demand and supply of electricity.
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One factor requiring the establishment of load aggregation by Demand Side Management is the
situation of the transmission network operators (TNO). They face a great challenge in the management and balancing of the network (2100 MW/°C). Large areas and regions such as Brittany
and Provence Alpes Côtes d’Azur are even facing serious risks of black-outs. Up until now, TNOs
could only establish balance between production and consumption at a national level by starting
or interrupting generation units. In a peak period (mainly during winter around 7 p.m.), the TNO
calls for extra generation from fuel or coal generators for only small time frames. This is a very
costly measure, which also results in extra-pollution in terms of CO2-emissions. This situation is
closely interlinked with the increasing use of electrical heating systems in France.
A new measure of establishing balance can be seen in controllable loads via Demand Side Management. This measure might be able to replace the old measure, as the flexibility of consumption is aggregated and can be used instead of switching on/off conventional power plants. The
more consumers are equipped with DSM-devices, the more flexibility can be aggregated, the
bigger and more important the effect can become. Due to the limited time-span of modification
(usually between 5-20 minutes), the user will probably not even realize it. In fact, the great number of electrical heating systems in France does not only turn out to be just a challenge, it can be
seen as an approach to the solution of the problem as well. Electric heating systems represent
loads that can be managed via Demand Side Management mechanisms in order to create benefits for the whole value-added chain of the electricity system.
There are also problems referring to the distribution grid. It can have its own local peak period
depending on local consumption and resulting in bottlenecks or even overload situations. These
are linked to the network capacity and often solved by costly expansions, even though the bottlenecks or overloads only occur during a few hours scattered over the whole year. These hours
might be avoided by means of DemandSideManagement that might, in fact, be able to avoid
costly grid expansion measures.
In fact, the first Demand Response Programmes such as direct load control systems for residential customers were already introduced during the last decades. Their implementation was encouraged by the national electricity utility to activate load shifting applications (using ripple control
systems). The French utility experimented with several reliability- and tariff-based programmes in
a monopolistic approach.
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Fig. 44

Different DSM approaches

The European Electricity Directive of July 2009 (2009/72/EC) which is defining rules for the internal common European electricity market is the first legal document recommending the involvement of the end consumer in DSM programmes.
In France, several laws known as “Grenelle 1 et 2” and “Nome“ require the deployment of DSM
programmes in order to reduce peak demand and to allow the implementation of load shifting
applications. Energy providers are requested to rollout distributed load management applications
for residential customers.
Keeping this legal perspective in mind, the ALPENERGY project in the Rhone Alps can be regarded as a pioneer project for France that delivers important information on the use and effectiveness of DSM measures. The project was focused on a territory located in the Drôme area
(zône des Baronnies). This area is facing an increasing electricity demand as well as associated
energy supply safety risks leading to potential electricity network reinforcements. The initial plans
for DSM-field tests were changed several times. The final results will be presented later in the
case study.
The goal was to test a device, the “energy box”, that is capable of operating DSM-measures with
about 100 residential customers and to evaluate the potential benefits at a local level (energy
savings, avoidance of network expansion, resulting monetary benefits etc.). Another objective
was to study and characterize the individual impact of such a solution (potential reduction in power demand, impact of rebound effect).
The experiment was carried out with the involvement of the local distribution network operators
and authorities: The “syndicats départementaux d'électricité” SDED and SYDESL.
However, the initial plans for DSM-field tests were changed several times. The final results will be
presented later in the case study.
Another component of a Virtual Power System is the Virtual Power Plant. Distributed Energy Re-
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sources are aggregated into controllable virtual power plant units, in order to have system visibility, controllability and impact similar to a transmission-grid-connected generator. Such an aggregated structure can be useful for two kinds of activities; respectively, “market participation” and
“system management and support” (e.g. various types of reserve, frequency and voltage regulation), described commonly as ‘commercial’ and ‘technical’ activities with the two distinct actors:
commercial VPP (CVPP) and technical VPP (TVPP). The Rhône-Alpes consortium focused on
the first one: The aim of the CVPP is to operate in the energy markets; it can represent DER from
any geographical location in the global electrical system. The CVPP aggregates all costs and
operating characteristics of the incorporated DERs into a single profile and output, which represents the entire portfolio. Then, the CVPP can propose services in the wholesale energy market
or system balancing services to the system operator.
By reason of the regulatory, financial and structural limitations for the constitution of a CVPP in
the French Alpine zone, the CVPP will only be simulated. The CVPP demonstration will take
place in Grenoble Institute of Technology (Grenoble-INP), in a research platform called PREDIS
(Smart Networks for Energy) which, by the use of simplified analogical networks, aims to demonstrate, among others subjects, all the topics related to the energy management of interconnected
DERs. However, DERs in the French Alpine region were located and asked to virtually take in the
simulation by offering their generation data.
Initially, the overall objectives of the Rhône-Alpes-consortium were:
Offer new services to the Distribution Grid:
by avoiding costly reinforcements when possible, by a facilitated integration of local production
units or development of demand side management actions.
Offer new services to the territories/ local authorities:
By avoiding an expansion of the grid, the landscape can be conserved as it is.
By contributing to the local objectives for CO2 reduction by facilitated integration of new renewable energy sources and by a data collection that allows to quantify this reduction.
Offer new services for producers:
Better economic valorisation of their production by aggregation. Research of complementary
sources (production or consumption) for a better valorisation.
Offer new services for customers:
Cheaper energy prices increase acceptance of more flexibility in energy consumption (load management). Data collection for better information on the customers on their consumption. Development of advice services to help customers save energy and, thus, money.
Services to the local energy company:
Facilitate balancing of generation and consumption in order to buy electricity at the lowest price,
for the benefit of the company and the customer.
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1.2 The Masterplan
The Masterplan developed for the Rhône-Alpes project consists of two separate studies on the
territories that were chosen as experimentation sites:


Territory of Allevard - partner: ESDB (local electricity board);



Territory in South Drôme – partner: Energie SDED (local federation of municipalities).

This way, a first assessment of the particular situation and expected advantages procured by the
constitution of a local Virtual Power System in these areas could be developed.
Furthermore, efforts necessary to establish a long-term perspective for Virtual Power Systems in
the Alpine Space of France became evident and a working schedule for the project was developed.

1.3 Virtual Power System
The pilot activity on the territory of Allevard consists in the aggregation of energy sources into a
Commercial VPP, in order to gain access to the energy
market and to propose outlets for small producers after
„A Virtual Power System intethe end of the feed-in tariffs, that is incoming during the
grates, manages and controls
distributed energy generators
next years for some technologies (hydroelectricity,
and storage capacities and
CHP, peak-shaving Diesel plants).
The pilot activity in South Drôme consists in testing a
newly developed “EnergyBox” which allows implementing residential load control and Demand Side Management.

links their technical operation
to the demand of consumers
and the energy market.”

1.4 The Implementation of the VPS Rhône-Alpes
1.4.1 The implementation of the DSM field test
The final objective of the experimentation was to observe the local impact of controllable loads on
the distribution grid, but also on the customers.
This objective had changed a few times during the project: At first, the energy boxes were to be
installed in social houses in Drôme. However, the residents and the utility concerned were uninterested in the project, the utility had economic reasons, as only a few of the respective households heated and cooled the building with electricity and, therefore, the actual load shifting potential was limited. The designated customer did not grasp the whole sense of the project as such
and furthermore did not understand the benefits of DSM and how the technology works. Therefore, they were not inclined to take part in the field test. In fact, the new installation of energy
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boxes was cancelled. As a solution to the problem, an area near Drome where 100 energy boxes
had already been installed in houses actually using electricity to cool and heat the building was
chosen for the field test. The data of these energy boxes was to be monitored and enriched to
obtain information on aspects of load shifting.
Looking at the customer side, the project’s goal is to understand the obstacles and the facilitators
for the acceptance of DSM, particularly the acceptance of the tested “energy box”.
In terms of final customer we will analyse:


Data quality delivered to the customer,



Energy savings enabled with this system,



Limits for some customers

1.4.2 The implementation of the CVPP simulation
The Allevard area that is operated by the partner of the project, ESDB, was chosen as a site for
AlpEnergy. As already mentioned, the actual development of a CVVP is not possible due to a
variety of limitations. In fact, a Virtual CVVP was simulated at INP Grenoble in the PREDIS-lag.
The idea was to ask owners of DERS in the Allevard region for their participation by providing the
data on the generation of their DERs. However, there are not many DER-units located in the region. Less than twenty residential PV systems, therefore, installed power amounting to less than
50 kW can be found in Allevard. The necessity to find solutions for the commercial use of DERs
is nevertheless pressing, as finalization of preferential tariffs for electricity generation from DER
(the “régime d'obligation d'achats”) is near and has to be anticipated. A simulation of a CVVP was
to shed light on the future of the operation of DERs.
As a result, the considered are was extended to Breda valley, where a variety of DER units were
identified. The two main conditions that have to be fulfilled by DER units to take part in the experiment are:
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the geographical localization (at least a connection on to rural mountainous distribution network in the Alpine zone);



the end of the purchase period in near future (what could be the case for small and
medium-sized run-of-river hydraulic units, Diesel or gas peaking units, and small or
medium CHP installations).

Rhône-Alpes Case Study

VPS Rhônalpes
Geographic extent of the model region

Extended region surrounding the cities Allevard and Drome in the Rhone Alps

Virtual Power Plant (VPP)

4 run-of-the-river hydro-power plants (12,5
MW nominal power), 1 reservoir hydro-power
plant (3,5 MW nominal power), 1 PV-plant, 1
conventional Diesel plant (12 MW nominal
power)

Virtual Load Plant (VLP)

20 customers, but no direct control of load
planned

Storage capabilities

-

Type of grid in the model region

Connected to medium voltage grid

ICT-concept

No smart meter rollout planned

The table below summarizes the producers that were willing to participate virtually in the experiment of the CVPP by sharing their generation data with the PREDIS research platform at the
Grenoble Institute for Technology.

Fig. 45

Actors willing to participate in virtual CVPP
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The RD-PREDIS (PREDIS Distribution network) was developed to resemble the actual distribution network of the Rhône-Alpes region, with a mix of urban and rural configuration, with minor
changes and an electrotechnical scale reduction. Whereas the real distribution network has 30
MVA rated power at 20kV, the network for the simulation only has a rated power of 30 kVA, 0,4
kV has been adopted. The topology of the micro-grid is presented in the following figure. This
network has 3 substations, 14 nodes, 17 lines, 10 loads and 6 generation units, divided into several areas which represent different electrical characteristics. A rigorous scale reduction, including all the electrical components and an integrated ICT system, allows to build a real-time simulation. Thus, research results with an industrial quality reference can be obtained. Loads and generators are also simulated, in order to produce the corresponding power flows at each node.
This environment enabled the consortium to test several functions of an actual CVVP in the simulation. The table below offers an overview over several CVVP functions and displays which of
them were to be tested during AlpEnergy.

AV

C

CVPP functions’ names

ALPENERGY

X

F01: Forecasting of run-of-river type generation

X

F02: Demand forecasting from daily typical profiles

X

F03a: Day-ahead portfolio's supply offer construction

X

X

F03b: Balancing market portfolio's supply offer
construction

X

X

F03c: Steady-state characterisation of the portfolio

X

X

F04a: Day-ahead unit commitment and dispatch

X

X

F04b: Intra-day unit commitment and dispatch

X

X

F05a: Real-time load-following

X

X

F05b: Real-time load following (balancing position)

X

X

F06a: Portfolio risk evaluation

X

X

F06b: Portfolio risk evaluation

X

F06c: Portfolio risk evaluation

X

F07:

X

F08: Load shedding on failure

X

F09: Data transmission to producers / to TVPP

X

F10: Cost and benefits repartition calculation among
participants

Failure management

F11: Metering procedures

The idea was to build some demonstrations on the analogical micro-grid, simulating the participation of the CVPP in the day-ahead energy market.
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The demonstrations on the PREDIS platform aims:


to validate the real-time correction of the portfolio realization;



to validate the transmission of data between the different actors.

2 The Pilot
2.1 Research Design and Schedule
The idea for the field tests involving the Virtual Load Plant, respectively the aggregation of the
consumer’s consumption, was to monitor and evaluate the use and effect of 100 installed “energy
boxes” were in households, public buildings and SMEs that are able to directly control loads. Data was gathered from the energy boxes and enriched with the load profiles published by the national DSO (ERDF) on a national basis.
The test-customers received the following benefits for their participation:


free additional online-feedback on their consumption able to visualize the electricity consumption and load curve



free of charge device to perform the load control applications



option to save 5 to 10% of the electricity bill (estimate by Voltalis, manufacturer of the “energy box”)



reduction in CO2 emissions and participation in the national peak shaving activities

The experiments focused on:


the definition of a set of methodologies for the quantification of the individual impact
with a goal to evaluate

-

the potential reduction of power demand and the calculation of the number of end
customers to be connected to an energy box to achieve x% of reduction in power
demand

-

the impact of the rebound effect related with control commands



the assessment of the end customers benefits (energy savings, new services)

The CVVP’s participation in the day-ahead-market was to be simulated in the PREDIS laboratory’s analogical micro-grid.
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This involved the following steps:
1) Participating decentralized generation units (from different locations) send the relevant
characteristics/data for the next day (forecasted production, availability, dynamical characteristics) to the CVPP.
2) An aggregator optimizes the position of its CVPP portfolio in the wholesale energy markets.
3) At the daily fixing time, the market coordinating authority operates the fixing process: from
all the bids and offers, the hourly marginal price is calculated by linear interpolation. This
marginal price determines the hourly Market Clearing Price (MCP) and consequently, the
set of accepted and rejected bids. The corresponding hourly power settings are transmitted to the CVPP.
4) A step of local validation can occur: The DSO aggregates bids and offers from DER units
in a network area with local network data, this forms a TVPP, which can check the forecast of production power, then validate or correct, and finally transmit the data to all the
CVPPs, which send the final power settings to each DG.
5) On the next day, within periods of one hour each, the CVPP collects real-time measures
and detects the forecasting errors or the unavailabilities of DG in its portfolio.
6) The CVPP takes corrective measures by real-time optimization, in order to avoid penalties.
7) After the exercise, for each half-hour period, the market coordinating authority checks all
the contractual production offers and the real power production. The calculated difference
is exposed to the system imbalance prices.
Using historical (2007-2009) production and market data, the steps 1 to 4 are realized separately
with MATLAB. At the end of the calculation, the day-ahead power schedule is decided for each
DG unit.

2.2 Information- and Communication-Technology
The solution used in the AlpEnergy-field test for Demand Side Management is called “energy
box” and is based on the Voltalis system.
Voltalis is a company offering peak shaving services and distributed load control applications at
national level on behalf of the TSO. The systems adopted to carry out the load control applications are based on energy boxes called BluePod which are installed in the customer’s home and
can receive signal commands from the company in order to disconnect or reconnect end customer’s electrical loads such as electrical heating, hot water boilers or air conditioning systems. The
disconnection period is usually limited in time so that no discomfort is significantly perceived by
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the end customer. The system uses PLC and GPRS technologies to communicate with a central
command system.
The working principles are summarized below:


The central Voltalis command system receives real time information about the potential load reduction capabilities.



On a daily basis, Voltalis or the company in charge of the system will provide information on real time load reduction capabilities to the TSO (RTE in France).



Based on its energy balance requirements, the TSO will request Voltalis to help
reduce the energy consumption by implementing a DSM procedure. Voltalis will in
turn, send real time command signals to the required number of Bluepod modules.
The disconnection usually lasts between 10 and 30 minutes.

A module managing up to 6 departures is installed in the electric board and communicates with
the Bluepod module by PLC. The box itself communicates with the external operator by GPRS.
The operator can at any time switch off the electric heating or hot water tank for a period from 15
to 30 minutes.
Mean power managed in a household is usually about 6kW. With hundreds of clients in the same
area, it can represent few MW of manageable loads.

Fig. 46

Connections of the Blue Pod
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2.3 The DSM-Field Test
2.3.1 Results of the field test
1- A methodology was developed to determine the minimum number of bluepods to be installed
and activated in order to achieve the expected reduction in peak demand.
Number of end customers equipped

P à -5%

Number of
customers P (kW)
involved

(2)-50%

135

486

(2)-100%

141

507,6

(1)-50%

663

1326

(1)-100%

702

1404
Reduction in peak demand (%)

A strong influence of the characteristics of restitution of the shed energy can be noted.
Oversized installations are not so much interesting for load shedding applications.
The more households are equipped with DSM-devices, the larger the potentital for peak demand
reductions become. In case of the AlpEnergy project in the Rhône-Alpes, a 5% peak reduction
objective seems realistic and can be justified.

2.3.2 Characterization of the rebound-effect
In order to determine the actual benefit of a change in electricity consumption patterns due to
DSM measures, the rebound effect has to be calculated.
The rebound effect describes the consumption of electricity above/below average level that occurs directly after the DSM measure and in fact decreases the actual benefits of the DSM measure. The rebound effect can, thus, be expressed as the ratio between expected and actual benefits of a DSM measure and might lead to a situation, in which peaks are not reduced in general,
but deferred for the time after the DSM-measure.
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T_restit

P_restit
t

P available

T_shut off
Fig. 47

The rebound effect

P_available: available power for load shifting application
P_restit: additional power consumed after a load shedding command
In the AlpEnergy project, the rebound effect was to researched, in order to determine under
which circumstances it can be minimized. Therefore, two experiments were set up during the field
test.
Experiment 1:


short restitution period (<10min)



restituted energy: ~ 35% of shed energy

Fig. 48

The rebound effect
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Experiment 2:


longer restitution period (~ 20min)



restituted energy : ~90%of shed energy

Fig. 49

The rebound effect

It is critical to characterize and define an average individual profile in order to correctly dimension
a DSM project.

2.3.3 Customer acceptance
End customer’s acceptance is a key success factor for a DSM programme. The following aspects
were highlighted during the experiment:
It appears that the benefits resulting from peak shaving services for the customer are not necessarily linked to the device. The customers are more interested in receiving compensation for the
inconvenience caused.
The operators of the device had predicted 5 to 10% energy savings. However, the field test could
not demonstrate this potential.
This can be explained by the rebound effect. The following situation can serve as an example in
terms of DSM for heating systems: When a decrease in temperature in a heated space, however
small it may be, is followed by a cut of heating supply due to DSM, it will be compensated by an
amount of energy at least equal to the one avoided previously directly after the measure.
This rebound effect is well known and must be precisely monitored. This will avoid the shift of
peaks that are reduced to be reduced altogether, when we practice multiple levels of load shedding.
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If real energy savings have been generated and no rebound effect was noted at the end of the
peak shaving, it certainly means that the heater is continuously operating. This situation can occur in poor insulated housing, with undersized electric heating or faulty thermostats. If the peak
shaving is carried out in this case, it will cause a loss of comfort.
The operating principle of the peak shaving service is that the user agrees to reduce their consumption. Even if there are little or almost non-noticeable effects of DSM-measures on thermal
use of electricity, those cuts still contradict the notion of continuity of supply which is the basis of
the electricity public service. Therefore, compensation must be offered to facilitate the acceptance of the system.
There are two types of compensation:


a new service;



a financial compensation.

The new offered services mainly concern the improvement of the user’s own understanding of
their consumption, through access to e.g. cost and consumption curves that can be visualized on
the internet or through other mediums.
The difficulty lies in the control and understanding of the service by the user. In fact, the user
must be able to understand the information offered to him by the feedback on for example a web
page. Visualizing load curves and identifying options to save energy to shift consumption will only
become viable and relevant tools, if the industry manages to develop them in user friendly and
attractive ways. This way, the user will be able to understand and properly to the tool, which
might result in a learning process altering his consumption patterns.
Good feedback about energy consumption does not necessarily have to be complex: It can be
compared to the fuel indicator in a car. Simplicity, permanent accessibility and display in real time
are features that certainly should be included in the development of energy consumption visualization.

2.4 The CVPP experimentation
2.4.1 The results of the CVPP-simulation
Considering an extended geographical area around Allevard (Breda valley, then Rhône-Alpes),
some diverse DER units have been identified, potentially eligible to be aggregated in order to
facilitate their integration into a commercial VPP. The two main conditions for a decentralized
generation unit to be fulfilled were:


the geographical localization (at least, a connection on a rural mountainous distribution
network in the Alpine zone);



the end of the feed-in tariffs period in a near future (what could be the case for small and
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medium-size run-of-river hydraulic units, Diesel or gas peaking units, and small or medium
CHP installations).
The previous table above summarizes the presently producers having accepted to participate
virtually in the experiment of the CVPP, and sharing their production data. This portfolio has been
adapted in order to fit with the characteristics of the generators of the simulation platform PREDIS. Some generation units have been grouped, like all the run-of-river hydroelectric units, supposedly connected to the same node on the distribution network.
Simulation scenarios have been established, following the previous research study, done by Grenoble INP, proposing a resolution of this problem of anticipated position of the production portfolio, as a stochastic programming problem. This general methodology for the aggregation function
of a portfolio of DER into a CVPP allows to maximize the performance of the CVPP in the dayahead market. The method has been successfully extended to different load-monitoring capabilities of the dispatchable generators of the CVPP portfolio. For details see the table in 0:

Types of resolution methods for CVPP aggregation

Free-access time series of historical French hourly day-ahead and imbalance prices are used
from the electricity market EPEX Spot (previously POWERNEXT). The simulation of CVPP ran
for one year in order to evaluate the long-term commercial performance of energy market real
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prices. The methodology to calculate optimal contracted volumes for a whole range of spot prices
by stochastic programming has been successfully applied: a portfolio aggregator can determine
its optimal supply curve (price vs. quantity) in order to reach the maximal expected profit on the
market. With this method, the influence of each input parameter and of each generator unit can
also be examined. The addition of new uncertainty parameters led to the resolution limits of the
method which impose an optimization calculation for each scenario: the number of second-class
sub-problems might increase exponentially. During an annual period, different values of intermittent generation power are expected. In practice, calculation of the aggregated profile has been
done for different possible values of forecast run-of-river hydroelectric production. Then, an interpolation of the optimal contracted volume rather than a new update is done for intermediate input
values.
After this step of day-ahead calculation, two different hourly production schedules are determined: one, corresponding to the stochastic optimization strategy; and a reference one, simpler
but suboptimal, based on a priority list flow-chart. The graph in Figure 50 shows one showcase
result for a day in January 2009:

Fig. 50

Day-ahead contracted CVPP production offer – 19th January

The calculated production settings of the dispatchable generators are based on the forecast values. The simulation uses the real values and takes into account detected unavailabilities of generators or other unexpected events. The goal of the PREDIS-CVPP simulation is to evaluate the
option to control general units in a CVPP by means of remote management that is set by the
CVPP operator. This CVPP operator is a local agent and distinct from the DSO operator.

117

Rhône-Alpes Case Study

Fig. 51

Implementation of CVPP functionalities

The main steps of VPS implementation design are the following:


determination of the scenarios, modification of the analogical distribution micronetwork (addition of the Allevard supply line), repartition of the producers;



development of the remote control of generator settings, from SCADA server;



building of the CVPP local agent within MATLAB and MATLAB OPC toolbox, communication
with the measurement devices and the SCADA center;



test of the chosen simulations;



dissemination of the results:
-

towards collaborating producers;

-

towards transnational partners;

-

towards local authorities, companies and other actors in the system interested in the AlpEnergy program;

-

towards the educational and research staff of the laboratory, in order to accomplish an integration of the realization in a teaching program at the engineering school.

118

Rhône-Alpes Case Study
2.4.2 Local Experiment
Recently, an experiment was carried out in the area of Drôme in cooperation with ERDF. Furthermore, a feasibility study on the optimization of the massive feed-in from PV plants into the
distribution grid of a village was conducted.
The aim of the study is to assess the best way to integrate decentralized energy production
plants in a village by taking into account grid characteristics and local energy consumption.
The study was based on data collected from two villages located in Drôme by ERDF, the biggest
distribution grid operator in France.
The methodology is based on iterative tests and assesses how the grids must be updated and
reinforced, if a large amount of households would invest in PV-plants. Different buildings are considered and the best configuration to obtain the highest development of PV pants in the village
with the lowest impact on the grid architecture is to be researched. Innovative solutions such as
common injection for several roofs are studied. Economic aspects are also assessed for each
work planned on the grid.
The identified difficulties derive from the variations of voltage resulting from the injection of electricity on the grid. Depending on the way the PV plant is connected, these variations have to respect a given % of voltage variation that hardly reaches 5%.
The distance between buildings and transformer is also a crucial parameter to assess in terms of
the feasibility of the connection to the grid.
Grenoble INP collaborated with ERDF on the study in order to compare the approach of ERDF
with the tool developed in the VPS experimentation. Actually, the outputs of the AlpEnergy project
were presented and discussed with the French distributor of electricity. It was decided to keep up
the development of the AlpEnergy tool which provides additional information when compared to
the distributor’s method. In fact, the method developed during the project is useful to choose the
best location for PV panels in a village area.
In fact, even the development of an extension of the AlpEnergy tool is considerd. This improved
tool could be adapted in the low voltage grid and could render more detailed simulations regarding the injection of generation from decentralized renewable energy plants (taking into account
the characteristics of PV / hyrdo / eolic production, etc.).
Furthermore, some smart meters will be installed to increase knowledge of local energy consumption with respect to the study.

2.4.3 Feasibility study on RES aggregators
The aim of this study is to determine how features of aggregators can facilitate the development
of renewable energies in particular by offering to the independent producers an added value for
their production. Added values e.g. lies in the increased commercial value of their production
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which will allow them to make profitable investments or simply to continue to work in a new context.
This study was conducted by the engineering consulting firm "Transenergie" on the basis of interviews with producers of renewable energies.
The evaluation of interviews highlighted the characteristics of the aggregator business. The business model includes a full job and requires
-

expert knowledge on the electricity markets and to pilot the nonstop sale contracts on these markets,

-

respect for technical and economic conditions of contracts (of person in charge of balance
for example),

-

the development of a software platform for the forecast of the production and the aggregation and the possible forecast of the market prices,

-

possibly important legal expenses. This aspect is more important for DSM than for the access to the spot market by means of a CVVP.

Consequently, it appears favourable for the producers of energy to turn to an already established
aggregator taking care of all the access and contract-management on the electricity markets. As
a result, the producers’ major concern and focus could remain with their generation units.
Three different corporate bodies were evaluated against the question if they could be applied by
producers of energy to form a new body that can close contracts with other corporaste bodies,
institutions and actors:


Simplified joint-stock company;



Grouping of economic interest;



Co-operative of collective interest.

After all, the status of a simplified joint-stock company appears to be more advantageous, even if
the grouping of economic interest is also possible.
The electricity markets appearing to be most profitable for an aggregator were examined as well.
Figure 52 presents the list of markets which are accessible in theory.
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Fig. 52 Architecture plan for the entry in the electric markets.
Producers having a relatively homogeneous production can group together to jointly close a contract
with the aggregator. Otherwise, individual contracts appear more adequate. The right column indicates
the electric markets which are accessible for this aggregator in theory.

Next to the EPEX Spot market, which offers the best options for the aggregator, forward contracts
appear to be advantageous. They are completely and easily accessible in the form of standard
products on the stock exchange or in form of private contracts. They require an accurate generation prognosis for a duration equivalent to the duration of the contract, which is quite a challenge
for the producer site.
The remaining questions that need to be further investigated concern the technical aspects:


Interest/effect of storage options,



improvement of the prognoses tools,



improvement of communications tools,



consideration of the effects of a threshold on the size of the power plant,



consideration of energy sources more interesting than the others for the aggregator.

Cf. Report study of Transénergie.
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3 Results
DSM programmes allow individual actors in the energy system to influence electricity usage patterns of consumers. The success factors for implementing a DSM programme can be summarized as follows:


Perform a thorough analysis of the load consumption patterns, load shapes and
load levels in order to establish the most appropriate objectives and approaches. This
analysis will require a strong cooperation process with the DSO.



Since DSM success is highly related to customers’ awareness, it is important to evaluate the customer’s response and sensitivity to incentive-based and price-based
demand response projects prior to deploying such programmes. This can be done either through pilots or customer’s surveys.



During the deployment phase, it is important to accompany such programmes with
dedicated marketing or communication campaigns addressing end customers’
concerns and expectations.



Actors and actor relations: In the case of deregulated markets, it is critical to understand who the new actors are and what their roles including utilities, municipalities,
agencies, regulators, ESCOs and of traditional companies working with installations
might look like. It will be important to understand each actor’s constraints and business model to define the best DSM programme.



Portfolio of technologies and solutions: Today, a wide range of solutions exists
that can provide a multitude of applications. Yet the successful implementation of these technologies depends on the end customers’ acceptance.

The following benefits are noted for the various stakeholders:
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Policy makers and regulators: DSM will increase system security, improve economic efficiency and might impact the environment positively



Market operators: DSM has effects on market prices (with a clear customer benefit)
and limits the influence of the large stakeholders for the benefit of new, small-sized actors



System operators: DSM can help to balance the system and the handling of disturbances in generation and transmission. It might even be able to prevent blackouts and
will certainly enable a quick restoration of systems after a blackout. Bottlenecks in
transmission will be easier to deal with and there will be a better use of existing generation and transmission capacity
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Distribution network operator: DSM might turn out as a tool to handle bottlenecks
under peak periods and to utilise network capacity better. They will find it easier to
handle distributed generation capacities (especially variable generation: wind, solar) to
increase the quality of supply, and finally, to meet the requirements of regulators and
energy policy



Traders/suppliers/retailers: DSM is useful for their risk management and might
serve to generate new business models e.g. acting as “aggregators” for demand response



Customers: DSM will result in an economic benefit and enable them to become active players and react to tariffs, prices or other incentives. They might even be able to
sell their consumption flexibility or the energy produced by their DER-units

The demand side management and demand response markets can also stimulate the development of new business opportunities for new actors such as aggregators and metering service
providers.
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