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This final document reports the results of the work on workpackage 7, (WP7),
Evaluation and Transfer, with particular focus within Action 7.2, Evaluating the overall
results: overall outputs and effects will be collected and evaluated in 360 degree
evaluation.
The findings have been put together in a multiple-step process of redaction, review and
common discussion of several contributions. The main steps in this process were:


General debate of all project partners on the VPS economic features during the
partner meeting at Kranjska Gora on 7th-8th April 2011;



Elaboration of a shared view of different elements to be investigated and a list
of questions to be tested;



Elaboration of a preliminary questionnaire developed by Fondazione Politecnico
di Milano, sent to all project partners on 1st of June 2011;



Analysis of the questionnaire and comparison of the different tests



Establishment of the report taking into accounts the comments of the partners.



General discussion during partner meeting in Aosta on 25th October 2011;



Final report preparation.
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1 INTRODUCTION
This final document has been elaborated within the project “Virtual Power Systems as
an Instrument to Promote Transnational Cooperation and Sustainable Energy Supply in
the Alpine Space” (AlpEnergy) under the European Territorial Cooperation Programme
“Alpine Space” (ETC-ASP) 2007-2013.
AlpEnergy aims at the analysis and modeling, the design and development, the
demonstration and test, and the evaluation and transfer of Virtual Power Systems
(VPS) in four distinct areas of the Alpine Space: the Allgäu region in Bavaria, Germany,
the City of Mantua in the Lombardia region, Italy, the Province Belluno, Italy, the
Autonomous Region Aosta, Italy, the Belledonne chain area in the region Rhône-Alpes,
France, and the region of Gorenjske, Slovenia.
The objectives of the project are:


to capitalize existing potentials for electricity production from endogenous
renewable resources and for demand management in existing economic
sectors;



to provide new knowledge-based income and business opportunities for
farmers and traditional as well as innovative enterprises;



to contribute towards security of affordable electricity supply in the Alpine
Space, thus supporting the competitiveness of Alpine enterprises in general;



to provide a basis for new electricity supply concepts optimizing the number of
electricity grid lines in, and impact on, the landscape and for cleaner electricity
generation, thus reducing the global and local environmental impact of
electricity generation;



to enhance worldwide business opportunities for Alpine enterprises and to
contribute to growth, employment and sustainable development by making the
Alpine Space a showcase for sustainable electricity supply with a strong
vibrancy towards other mountain areas in the world.

The objectives reflect the motivations of the AlpEnergy project partners for investigating
Virtual Power System (VPS) and Virtual Power Plants (VPS) in the light of their specific
situations for views.
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2 SCOPE, PURPOSE AND ELABORATION PROCESS OF THIS
DOCUMENT
The VPS may prove to be the more versatile platform, representing a bridge
towards a more radical retooling of grid infrastructure and relationships between
customers and the host distribution utility. In particular, in comparison with smart
grids, VPS can help to shape the perception of as a less politically charged
solution to the aggregation issues of RES, since they do not rely upon large R&D
investments, huge upfront capital investment, government incentives to compete
or often costly energy storage capacity (that still represent, for a VPS, a plus).
In addition to that, it can be observed that the investigation on the software and
hardware applications for the VPSs’ functioning might represent a real
improvement coming from the AlpEnergy project, since it can provide the basis
and thus boost for a concrete development of smart grids.
Moreover, a large part of the grid infrastructure necessary to create a VPS
already exists, thus limiting upfront capital expenditure, and in the AlpEnergy
project the opportunity of a commission or fee-based compensation plan has
been explored in the pilot applications.
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2.1 DEVELOPMENT OF THE QUESTIONNAIRE
In order to show a preliminary market study and perform the evaluation of the
VPS economic features, after a research of the most critical issues for the
development of VPS, a questionnaire has been developed by Fondazione
Politecnico di Milano. The questionnaire has also provided a useful insight in the
main challenges that should be faced for a concrete deployment of Virtual Power
Systems in mature markets.
In particular, the questionnaire has been divided into three sections:
Section 1: Analysis of strengths, weaknesses, opportunities and threats for
VPS
1) List of each issue to be addressed as strength, weakness, opportunity,
or threat, according to AlpEnergy projects’ experience;
2) Vote (1 to 4, considering the characteristics of the pilot application in
each sub-consortium) of the given issue to be addressed;
3) Brief explanation or description of the issue in the pilot application;
Section 2: Market issues or opportunities
1) List of each issue to be addressed as strength, weakness, opportunity,
or threat, according to AlpEnergy projects’ experience;
2) Vote (1 to 4, considering the characteristics of the pilot application in
each sub-consortium) of the given issue to be addressed;
3) Brief explanation or description of the issue in the pilot application;
Section 3: Implementation issues
1) List of each issue to be addressed as strength, weakness, opportunity,
or threat, according to AlpEnergy projects’ experience;
2) Vote (1 to 4, considering the characteristics of the pilot application in
each sub-consortium) of the given issue to be addressed;
3) Brief explanation or description of the issue in the pilot application;
Section 4: Economic VPSs’ features
1) List of each feature to be addressed in terms of applicability to the
specific application in the sub-consortium;
2) Vote (1 to 4, considering the characteristics of the pilot application in
each sub-consortium) of the given feature to be addressed;
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Section 5: Other VPSs’ features
1) List of each feature to be addressed in terms of applicability to the
specific application in the sub-consortium;
2) Vote (from -3 to +3, considering the feature as a benefit or a drawback
according to the characteristics of the pilot application in each subconsortium) of the given feature to be addressed;
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2.2 Management of the questionnaire and data gathering
The whole questionnaire has been sent to all project partners involved in the
evaluation as follows:
1) FIRST CALL: the questionnaire has been sent on June 1st, 2011, as a draft,
with information to be further requested, with the deadline for the responses
fixed on June 20th, 2011.
2) SECOND CALL: the full questionnaire has been sent on June 21st, 2011,
with the deadline for the responses fixed on June 30th, 2011.
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3 RESULTS
This report has been structured in order to evaluate the VPS test applications in
five regions that answered the questionnaire, i.e.:
-

Allgäu Region, Germany;

-

Suzzara municipality (Province of Mantova), Italy;

-

Saint Denis municipality (Valle d’Aosta Region), Italy;

-

Belluno Province, Italy.

-

Rhone-Alpes, France

In particular, the economic and market aspects of Virtual Power Systems have
been evaluated according to the authors’ knowledge and the partners’ judgments
of the specific issues, such as:
-

Strengths and Weaknesses of the Virtual Power Systems;

-

Opportunities and Threats of the Virtual Power Systems;

-

Market issues to be analyzed, with the economic features connected to
them;

-

Market opportunities of the Virtual Power Systems;

-

Implementation issues to be addressed;

-

Strengths and Weaknesses of the RES technologies for Virtual Power
Systems;

-

Opportunities and Threats of the Res technologies for Virtual Power
Systems;

-

Potentials of the RES technologies for Virtual Power Systems.

3.1 SWOT analysis of VPSs
One of the greatest opportunity represented by the VPS is that it can optimize the
entire system, thus not only at the production side, therefore delivering a greater
value, also considering the avoided need for large capital investments in
infrastructures. Instead of building bigger and bigger physical plants, software
and other controls enable utilities to aggregate resources providing a unique
profile of production and consumption, with the added value of being flexible
according to the supply-side resource category, or the location into the
distribution network.
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3.1.1

Strength / Weakness
In this section we aim at analyzing the different characteristics of the VPS,
trying to underscore, with respect to the pilot applications of the AlpEnergy
project, which of them emerged as strengths or weaknesses.
In order to provide a synthetic picture of benefits and drawbacks to be taken
into the evaluation of the Virtual Power Systems, a characteristic will be
considered as a weakness (1 to 4, 1 means a very important weakness) or as
an strength (5 to 8, 8 means a very important strength). Therefore, it will be
immediately clear the judgment (positive or negative) of the pilot application on
the considered characteristic, and it will be immediate to perform an evaluation
and comparison of the most relevant issues that have emerged in the
questionnaire.

3.1.1.1 Modular in nature

This characteristics is widely recognized as a real strength coming from the
aggregation of whatever RES plant and consumer within the same network
(usually at the distribution level).

As emerged from the research, all the pilot applications underline this
advantage, with a particular benefit emerged in the largest application
represented in the German region of Allgau. Nonetheless, in this case, this

opportunity needs to be balanced with the great effort in order to implement a
real large VPS.
3.1.1.2 Flexible Architecture

This characteristic goes almost in parallel with the previous one: the full benefits
coming from the implementation of the VPS are embedded into the modularity
of the system, that allows to have a more flexible architecture in terms of
management of the infrastructure, equipment for management and control, etc.

As emerged for the “modular in nature” characteristic, it is remarkable that the
greatest scores can be observed for the two largest pilot application of the
AlpEnergy project, that is the application in Aosta region in Italy and Allgau in
Germany. Nonetheless, in the German case, this opportunity needs to be
balanced with the great effort in order to implement a real large VPS.
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3.1.1.3 Diverse Applications

One of the greatest benefits coming from the implementation of Virtual Power
Systems is related to the variety of applications that can be organized as a
unique production plant, or, on the consumption side, a unique profile.

It is remarkable to observe that this advantage can be more largely perceived
when many plants and many consumers are connected into a single VPS: this
consideration is confirmed also from the pilot applications of the AlpEnergy
project; the more different the applications are, the more this characteristic will
be perceived as a strength of the VPS.
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3.1.1.4 Zero or Low upfront capital costs

As expressed in the introduction to this section, the zero or low capital
investments represent a strong benefit that can really make VPS a concrete
option for the future energy markets.

Even if, in this case, the contribution to this characteristic is lacking for the
Allgau region in Germany (that is based on existing plants, thus not
investigating the capital costs for the installation of the production plants), we
can observe that this characteristic is widely perceived as a strength, with
values ranging from 6 (important strength) to 8 (very important strength).
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3.1.1.5 No current show stoppers

The lack of current showstopper is considered positively by the majority of the
pilot applications: in particular, thanks to the response of one of the project
applications, it is possible to see one of the greatest strengths of the AlpEnergy
project: the pilot application in Aosta, that, as already mentioned in the previous
reports of the project, is focused on a small village on the mountains, not close
to the main network, and thus not close to large power plants. For all these
reasons, they seem to look at VPS as a concrete solution for their
characteristics.
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3.1.1.6 Broad Global Markets

The opening of the Virtual Power Systems as possible competitors in a broad
global market has been widely recognized in the pilot applications.

In particular, the applications in Aosta Region and France suggest this as a
relevant strength to be evaluated in future analyses.
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3.1.1.7 Reliability of resources

Considering the reliability of resources, this represents a widely recognized
strength of the possible implementation of Virtual Power Systems. In this sense,
the largest pilot application, which was located in the Allgau region in Germany,
thus with the largest mix of different power sources and users, seems to
observe in the pilot application the largest benefits coming the reliability of
resources.

It should be remarked that one of the most relevant objectives of the German
AlpEnergy project partners is to create a region that provides 100% of the
necessary energy exploiting renewable energy sources.
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3.1.1.8 Fragmented regulatory regimes

Unfortunately, but it was somehow expected, the fragmented regulatory
regimes represent a weakness that, for a full deployment of Virtual Power
Systems, need to be overcome. Beside the strong negative scores provided by
the pilot applications in Aosta and Allgau regions, the Mantova pilot application
does not seem to suffer much: in this case the pilot application has tested its
VPS trying to evaluate the benefits in different regulatory scenarios, and in
particular considering predictable generation and consumption profiles.-This
result was partially expected, since the latest updates on the Italian regulatory
regimes seem to open a way to a different structure of incentives in case of
predictable production and consumption profiles, thus looking at VPS as a real
opportunity for the electricity market.
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3.1.1.9 Unclear roadmap going forward

This characteristics is widely recognized as a possible weakness: in this sense
the pilot applications seem to underline that, without further efforts and a clear
roadmap for a concrete deployment of VPS, they will exclusively represent good
experiments that will not see the light.
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3.1.1.10 Dependent upon grid upgrades

This argument is considered by the pilot applications of the AlpEnergy project
as controversial: most of them have recognized it as a weakness, but not all of
them. Moreover, this characteristic is considered as a minor weakness, showing
that, although something that might hinder a concrete deployment of VPS, there
might always be some cases in which VPS can really represent an effective
opportunity to be considered. Furthermore, it is worth to consider the position of
the pilot application of the Allgau region in Germany, for which the “dependent
upon grid upgrades” characteristic has been evaluated as a strength of the
VPS. Indeed, in this case, we can assume that, thanks to the vastness of the
application, VPS represent a valuable opportunity for avoiding grid upgrades.
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3.1.1.11 Local Perspectives of Strengths and Weaknesses

In this subsection we aim at providing a picture of the strengths and
weaknesses emerged in the single pilot applications, thus allowing, whether
possible, to make comparisons among different regions in which the VPS have
been tested.
3.1.1.11.1 Italy

The pilot applications in Italy seem to have observed several key strengths
coming from the deployment of the Virtual Power Systems. In particular, the
flexibility of the architecture f the system, coupled with the zero or low upfront
capital costs, seem to prove that VPS can represent a valid opportunity for
scattered habitats, as the village in which the VPS has been tested. Indeed, the
lack of current showstoppers make VPS emerge as a great opportunity that is
worthy to be further explored in order to be implemented.
The possible limitations for the concrete deployment seem to be represented by
an unclear map for the future and the fragmented regulatory regimes: in this
sense, the regulatory changes needed for the implementation of VPS are out of
scope of the AlpEnergy project; nonetheless, they can represent a weakness in
a system that would not be able to integrate the new paradigm proposed by
VPS.
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3.1.1.11.1.1 Aosta

Strength

Weakness

Modular in nature
Fragmented regulatory regimes
Flexible Architecture
Unclear roadmap going forward
Diverse Applications
Dependent upon smart grid upgrades
Zero or Low upfront capital costs
No current show stoppers
Broad global markets (especially for
DEG)
Reliability of DR & DEG resources
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3.1.1.11.1.2 Belluno

Strength

Weakness

Modular in nature
Flexible Architecture
Diverse Applications
Zero or Low upfront capital costs
Broad global markets (especially for
DEG)

Reliability of DR & DEG resources
Fragmented regulatory regimes
Unclear roadmap going forward
Dependent upon smart grid upgrades
No current show stoppers
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3.1.1.11.1.3 Mantova

Strength

Weakness

Modular in nature
Fragmented regulatory regimes
Flexible Architecture
Unclear roadmap going forward
Diverse Applications
Dependent upon smart grid upgrades
Zero or Low upfront capital costs
No current show stoppers
Broad global markets (especially for
DEG)
Reliability of DR & DEG resources
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3.1.1.11.2 Germany – AUEW

The pilot application in the Allgau region in Germany has highlighted the two
key-points of the new paradigm proposed in the AlpEnergy project: on one side
the modular structure, thus allowing to present a flexible architecture of the
electricity system under the hat of VPS; on the other side, the reliability of the
resources, thus allowing to reduce back-up systems in case of failure of one or
more power plants. The benefits coming from these VPS characteristics can be
observed more in large applications, as the one represented in the Allgau
region: the larger the number of generation plants connected under the VPS,
the greater the benefits from the reliability of the resources will be. And, again,
the greater the number of users and plants connected, the more clear will be
the strength of having a flexible architecture for connecting and managing them.
Moreover, confirming the conclusions performed in the Italian applications, the
fragmented regulatory regimes and the unclear map for the future represent two
weaknesses that can inhibit the full deployment of VPS in the Allgau region.
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Strength

Weakness

Modular in nature
Flexible Architecture
Diverse Applications
Reliability of DR & DEG resources
Dependent upon smart grid upgrades

Fragmented regulatory regimes
Unclear roadmap going forward

Neither strengths nor weaknesses:
Zero or Low upfront capital costs
No current show stoppers
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Broad global markets (especially for
DEG)

3.1.1.11.3 France: RAEE

The pilot application in the RAEE region in France has shown, in addition to the
strengths already discussed for Italy and Germany, the importance of the
diverse applications that can be represented by the VPS, and the possible
broad global markets that can be opened thanks to a large deployment of
Virtual Power Sytems.

Strength

Weakness

Modular in nature
Flexible Architecture
Diverse Applications
Zero or Low upfront capital costs
Broad global markets (especially for
DEG)

Reliability of DR & DEG resources
Fragmented regulatory regimes
Unclear roadmap going forward
Dependent upon smart grid upgrades
No current show stoppers
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3.1.1.12 Summary of the AlpEnergy project

Strength

Weakness

Modular in nature
Fragmented regulatory regimes
Flexible Architecture
Unclear roadmap going forward
Diverse Applications
Dependent upon smart grid upgrades
Zero or Low upfront capital costs
No current show stoppers
Broad global markets (especially for
DEG)
Reliability of DR & DEG resources
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3.1.2

Opportunities / Threats
In this section we aim at analyzing the different characteristics of the VPS,
trying to underscore, with respect to the pilot applications of the AlpEnergy
project, which of them emerged as opportunities or threats, the first to be
exploited, the second to be addressed and overcome, in order to have the VPS
deployed in the market.
Following the approach presented in the previous sections, a characteristic will
be considered as a threat (1 to 4, 1 means a very important threat) or as an
opportunity (5 to 8, 8 means a very important opportunity)

3.1.2.1 Carbon regulations

The possible introduction on regulation for greenhouse gases emissions seems
to represent a valuable opportunity that can boost the adoption of Virtual Power
Systems based on Renewable Energy Sources, as recognized by all the
partners involved in the questionnaire. Again, the largest benefits for the
consumers and investors can be observed in large applications, as the one
tested in Allgau region in Germany.
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3.1.2.2 Expanding markets for renewables

One of the most important characteristics of the Virtual Power Systems
definition provided by White Book of the AlpEnergy project is that VPS are
“[…]mainly based on renewable energy resources […]”. Therefore, it seems
reasonable to assume that all the partners consider VPS as a major opportunity
for an expansion of the market for renewable energy sources.
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3.1.2.3 Smart grid investments

The possibility that Virtual Power Systems can represent a step towards the
smart grids is widely recognized by the partners, that have generally recognized
it as an opportunity. The only pilot application that has underlined a possible
threat is represented by the Allgau region: as a utility, AUEW has pointed out
that, at the moment, smart grids are not regulated at European level. Therefore,
this lack of regulation seems to give birth to a high competition in the power
market, thus draining resources to be devoted in smart grid investments.
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3.1.2.4 Declining cost curves with DEG

The declining costs related to the distributed energy generation, at the base of
the Virtual Power Systems are considered as an opportunity by almost all the
pilot applications. Nonetheless, it is interesting to point out that, from the pilot
application in Germany, although expanding the markets for renewables and
providing several environmental benefits, increasing costs for the system seem
to be observed.
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3.1.2.5 Telecommunications advances

The pilot applications revealed that the Virtual Power Systems represent a
valuable opportunity for testing and developing telecommunication advances. In
this sense, the greatest benefits, as emerged for other VPS characteristics, are
on the side of the largest application in the Allgau region in Germany.
Nonetheless, it should be pointed out that this opportunity has been explored in
the view of “staying informed” about and “adopting” new technologies and
telecommunication advances, since a field development of new technologies
and telecommunication systems is out of scope for the AlpEnergy project.
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3.1.2.6 Plug-in Hybrid Electric Vehicles

The possibility of plugging Hybrid Vehicles is generally recognized as an
opportunity opened by the Virtual Power Systems. In particular, for the Allgau
pilot application in Germany, hybrid electric vehicles are also one of the options
for decentralized storages that have been explored in the dry-test performed in
the project. For the other pilot applications, plugging-in hybrid electric vehicles
represent a possibility that has been theoretically taken into consideration. For
this reason, we assume that, without empirical results, this possibility is
generally considered as a minor opportunity with respect to the German pilot
application.
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3.1.2.7 Lack of clear standards

The lack of clear standard represent one of the most relevant threats that need
to be addressed for a concrete deployment of Virtual Power Systems. In this
sense, the results coming from the pilot applications in the different regions
seem to observe that, for market applications, still a lot of work has to be done,
mainly from the regulatory point of view. As expressed in the previous section,
without clear standards and regulatory regimes, the innovations embedded in
the Virtual Power Systems may be overwhelmed by the high risks.
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3.1.2.8 Closed grid architectures

The characteristic of generating a closed grid architecture does not represent a
big issue to be addressed for the pilot applications tested in the AlpEnergy:
there is a general feeling that this might be a threat (3 out of 5 project partners
consider it as a threat), but surely of minor entity, with the exception of the
Mantova pilot application, for which this represents a opportunity: but, also in
this case, the opportunity that could be represented by a closer grid architecture
is of minor entity.
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3.1.2.9 Competing business models (i.e., microgrid)

The possibility that the VPS could create a competition in the business models
is not generally considered as a major opportunity or threat. Nonetheless, it is
worthy to underline the position provided by the Allgau pilot application: in this
case, the project partner is represented by an utility looking forward for new
business models to be explored for the electricity market based on Renewable
Energy Sources. This mission seems to be fully accomplished by the AlpEnergy
project, since VPS may represent a valuable business opportunity able to open
new possibilities for customers, offering new tariffs, options, etc.
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3.1.2.10

Back-end billing complexity

The complexity of back-end billing is widely recognized by the project partners
as a threat that could inhibit the deployment of large scale of Virtual Power
Systems. In particular, it is remarkable the position of the largest pilot
application of the Allgau region in Germany, for which the complexity represents
a major threat.
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3.1.2.11 Local Perspectives of Opportunities and Threats

In this subsection we aim at providing a picture of the opportunities and threats
emerged in the single pilot applications, thus allowing, whether possible, to
make comparisons among different regions in which the VPS have been tested.
3.1.2.11.1 Italy

The Italian pilot applications seem to share their judgments on opportunities and
threats to be further analyzed for future research and market applications of
Virtual Power Systems.
In particular, it could be seen that expanding markets for renewable energy
sources and the chances for smart grid investments represent the major
opportunities represented by the VPS developed in the AlpEnergy project.
On the contrary, the lack of clear standards is recognized by all partners as a
concrete threat that can overwhelm the future of VPS: in this direction, the
common suggestion of the project partners is to work hard to make VPS as a
really viable solution, not only from the technical and technological, but also
from a regulatory viewpoint, for the electricity market.
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3.1.2.11.1.1 Aosta

Opportunities

Threats

Carbon regulations
Expanding markets for renewables
Smart grid investments

Lack of clear standards
Closer grid architectures
Competing business models
microgrid)
Back-end billing complexity

Declining cost curves with DEG
Telecommunication advances
Plug-in Hybrid Electric Vehicles
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(i.e.

3.1.2.11.1.2 Belluno

Opportunities

Threats

Carbon regulations
Expanding markets for renewables
Smart grid investments
Declining cost curves with DEG
Telecommunication advances
Competing
business
models
microgrid)

Lack of clear standards
Closer grid architectures
Back-end billing complexity
Plug-in Hybrid Electric Vehicles
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(i.e.

3.1.2.11.1.3 Mantova

Opportunities

Threats

Carbon regulations
Expanding markets for renewables
Smart grid investments
Declining cost curves with DEG
Telecommunication advances
Plug-in Hybrid Electric Vehicles
Closer grid architectures
Competing
business
models
microgrid)

Lack of clear standards
Back-end billing complexity
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(i.e.

3.1.2.11.2 Germany: AUEW

The pilot application of the German case, located in the Allgau region, has
allowed to underline several important elements to be considered in future
research for VPS.
The greatest opportunities recognized by this project partners are the carbon
regulations, that, if in place, could boost the deployment of renewable energy
sources and, thus, of Virtual Power Systems able to manage them. On the other
way round, VPS can prove to be a great opportunity for a mature expansion of
the renewable energy sources markets and to integrate in the electrical system
also Hybrid electric vehicles.
Thanks to its new features (Renewable Energy Sources, management system
and network communication system, as thoroughly described in the White Book
of the AlpEnergy project), Virtual Power Systems can offer new opportunities
from the point of view of business models, thus opening new niches in which
find new possible customers.
The threats for the German utility that should limit a deployment of the new
paradigm are represented on one side by the smart grid investments, due to the
lack of regulation of smart-grids in the European Union, for which high
investments are coupled with high risks without being confident of getting any
further result. On the other side, the Virtual Power Systems need to find easier
ways for limiting the complexity of back-end billing, in order to make the new
business models more attractive for possible new customers.
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Opportunities

Threats

Carbon regulations
Expanding markets for renewables
Telecommunication advances
Plug-in Hybrid Electric Vehicles
Competing
business
models
microgrid)

Smart grid investments
Back-end billing complexity

Neither opportunities nor threats:
Declining cost curves with DEG
Lack of clear standards
Closer grid architectures
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(i.e.

3.1.2.11.3 France: RAEE

From the responses to the questionnaire, it is possible to infer that the French
pilot application represents a mix between the Italian and German case, but still
with its peculiarities. In particular, Virtual Power Systems, as observed in the
Italian case, represent a great opportunity for expanding the renewable energy
sources markets and thus for declining costs with Distributed Energy
Generation. This is of fundamental importance for a country that, up to now,
has, more than any other involved in the project, a centralized production
system, with the greatest presence of nuclear installations in Europe. In this
sense, Virtual Power Systems would really represent a revolution in the
electricity system, thus shifting to a decentralized and distributed electricity
network.
Nonetheless, as in the German case, a major threat is represented by the
complexity of back-end billing, for which new ways for being more attractive to
possible new customers have to be developed.
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3.1.2.12 Summary of the AlpEnergy project

Opportunities

Threats

Carbon regulations
Expanding markets for renewables
Smart grid investments
Declining cost curves with DEG
Telecommunication advances
Plug-in Hybrid Electric Vehicles
Competing
business
models
microgrid)

Lack of clear standards
Back-end billing complexity
Closer grid architectures
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(i.e.

3.1.3

Synthesis of SWOT analysis

Strength

Weakness

Modular in nature
Fragmented regulatory regimes
Flexible Architecture
Unclear roadmap going forward
Diverse Applications
Dependent upon smart grid upgrades
Zero or Low upfront capital costs
No current show stoppers
Broad global markets (especially for
DEG)
Reliability of DR & DEG resources
Opportunities
Threats
Carbon regulations
Expanding markets for renewables
Smart grid investments
Declining cost curves with DEG
Telecommunication advances
Plug-in Hybrid Electric Vehicles
Competing
business
models
microgrid)
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Lack of clear standards
Closer grid architectures
Back-end billing complexity

(i.e.

3.2 Market Issues to be analyzed
3.2.1

Better Generation Asset Utilization
The advantage coming from the change of exploiting at the same time the most
cost-effective supply resource option available on the same territory likely
represents the most appealing aspect that can be obtained through the
implementation of the Virtual Power Systems. This means that the Virtual
Power Systems can be considered as an interface between the retail customer
who needs energy and the wholesale power market. Considering a single utility,
this implies that, through Virtual Power Systems and possible agreements that
may be determined, it would be possible to determine whether to rely upon the
existing distributed energy generation resources of their customers, or to turn
on the peaking units, generally more expensive. Therefore, Virtual Power
Systems allow the utility to choose in a really wide range of options.
In addition to that, several advantages considering this point can be offered also
to the electricity system, besides the distributed energy generation resources
owners. In particular, additional services such as the delivery of high-value
peaking electrical power, and grid regulation services, can be offered: these
services could simply not be offered without the technologies embedded in the
Virtual Power System.
It should be said the, of course, due to the limited resources for application and
test, the existing regulations for the electricity market, etc., several of this
advantages could not be properly appreciated. In this sense, we should remark
the position of the Italian pilot applications in Aosta and Belluno, for which the
improvement of power plants use was not appreciable.
Nonetheless, in the Allgau pilot application in Germany, although renewable
energy production plants in Germany have the priority for feed-in and thus the
Virtual Power System was focused on demand side management, Virtual Power
Systems proved to allow a better use of power, due to the intelligent system for
managing the power flow to customers.
Partially in line with these considerations, the position of the French pilot
application on this market issue is worthy to be analyzed. In that region a
growing number of generation units (installed in the 90's) – mainly run-of-river
hydraulic and CHP units – will reach soon the end of the contracted period of
feed-in tariffs for their produced energy. In this case the Virtual Power System
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has represented the opportunity, for these production plants, to gain access to
the wholesale energy markets.
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3.2.2

Greater flexibility in Meeting Power Demand
In relation to what expressed in Section 3.2.1, the Virtual Power Systems are
not just able to better exploit the generation assets, but also to allow a greater
flexibility in meeting power demand.
In particular, this flexibility could allow to create different virtual sites, large
power generation capacities can be rapidly designed, build, and deployed – and
then retired – all without changing out or financing capital-intensive hardware
infrastructures.
Although at the moment there is not much flexibility in contracts, as underlined
by the pilot application in Aosta (and the size of VPS is, at the moment, fix,
without any significant change in the short term), it is remarkable that, in a
mature VPS market, VPSs could last for a few minutes, an hour, an entire
month, or even an entire year, depending upon the resource mix, grid
conditions, and policy parameters. This means that, thanks to the VPS, as
highlighted by the German pilot applications, it would be possible to balance
one of the drawbacks of photovoltaic and wind power sources, that do not seem
to be economically flexible (due to subsidies and feed-in priority), simply
enlarging the users connected under the VPS.
Therefore, it is clear now why this market issue represents a major concern for
the pilot applications, since, as in the German and the Italian case, respectively
flexibility on the demand case and the adaptable green power supply are
considered as crucial and an important added value on the market.
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3.2.3

Synergy with Demand Response
Virtual Power Systems are able to manage in “real-time”, and with a certain
level of certainty, all the possible tiny demand reductions that would be needed
in order to shape the consumption profile according to the given generation
profile of the plants connected under the VPS. In this sense, it is clear the VPS
represent a step towards the smart grids.
This issue is considered as critical for the pilot applications, since, as emerged
in the Aosta case, at the moment the regulation of the load is done at national
level, whilst the network is almost totally passive, i.e. they try to manage always
the load’s energy request, thanks to the oversizing of the power plants and the
distribution network (if the load doesn’t have the permit to absorb more than a
certain (constant) value, the power meter disconnects itself). Therefore, in this
case the possibility of having a direct link between demand and answer could
be a great opportunity offered by the Virtual Power Systems.
We believe that, thanks to the development and deployment of bidirectional
smart meters across the entire customer chain, new possibilities for interactivity
between customers and power producers suddenly appear. AlpEnergy, in this
direction, represents a unique example, but, with some differences, other pilot
projects in the United States are testing how all of these digital services can talk
to one another. In this sense, communication equipment represents the keypoint thanks to which all the VPS could work, since they include the boxes to
capture real-time consumption, supply, and price data, and then sending all the
information to a remote utility control center that can be located in a different
place. Therefore, in a nutshell, the centralized control of previously
disaggregated distributed resources represents the cornerstone of the VPS
market opportunity.
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3.2.4

Modular and Nimble Short-Term Supply Portfolios
As partially introduced in Section 3.2.2, Virtual Power Systems often a lot
flexibility – and complexity – since they may involve hundreds (or thousands) of
residential customer loads. Thanks to this flexibility, the VPS is able to
aggregate them and then puts these resources on an energy trader’s desk with
the granularity to control load profiles of individual customers, thus representing
a unique modularity that the electricity market has never experienced.
Therefore, it would be even possible to integrate large commercial buildings into
the electricity Internet, so they become part of the structure of the grid. The
appeal of this approach is that the distributed resources generate a new
revenue stream for building owners.
Nonetheless, at the moment there aren’t the prerequisites for which it is an
important factor in the pilot applications, as underlined by the Italian and
German cases. But, at the same time, in the future could become a significant
issue that could be investigated, since, e.g. for future business models it could
be interesting to analyze the possibility of switching off equipment in order to
adjust the demand to the supply on a short-term basis.
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3.2.5

Automated Load Dispatch
It should be observed that the Virtual Power Systems is neutral for what
concerns the type of power resources that can be included into it, thus allowing
to being organized according to the different fuel types, location, etc. The pilot
applications of the AlpEnergy project, as it will be discussed in Section 0, are a
prove of that, since each application has tested different technologies, with
different territorial extension, for slightly different objectives, etc. Thanks to this
flexibility and modularity, one opportunity opened by the Virtual Power Systems
is represented by the automatic prioritization of the dispatching for Renewable
Energy Sources, in case of different market conditions or prices.
Unfortunately, at the moment the pilot applications of the AlpEnergy project are
not sufficiently large to evaluate this aspect, since they perform their evaluations
in a given regulatory system, with fixed prices, etc. For this reason, neither the
pilot applications in Aosta, Belluno and Allgau consider this as a primary market
issue. Some more could be observed for the pilot application in Mantova, for
which Fondazione Politecnico di Milano has performed an evaluation of the
costs for the system quantifying the needed incentive for covering the extracosts due to the implementation of the Virtual Power System, but it is not
possible to draw any conclusion on the “automated load dispatch” market issue.
In conclusion, it seems that the pilot application cannot provide really a valid
platform for evaluating this market issue.
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3.2.6

Economic & Environmental Optimization Strategies
The ability of the Virtual Power System is to include the most cost-effective – or
most environmentally beneficial – resources at any specific instant of time
thanks to software optimization programs for data management and
communication. Again, we can call this beauty “flexibility”. Moreover, it is
remarkable to refer to a more specific definition of Virtual Power System, as the
Italian definition provided in the White book of the AlpEnergy project:



w.r.to the Italian electric system the VPS, must have a local nature;



the goal is to achieve losses reduction thanks to the production of the electric
power close to the consumption;



in the Medium voltage network (local nature), if the electric power production
and consumption are synchronized, it’s possible to gain a benefit in terms of
postponing the transmission network upgrade/expansion;



for the scattered consumers the VPS will improve the security of supply;



the proposed local nature of the VPS is correlated with the potential in the
exploitation of the “small sized” renewable resources available on the territory,
with a reduced impact on the landscape;



the VPS will also encompass generation from CHP (Combined Heat and Power
production), considered in the renewable class thanks to the relevant
improvement in the overall conversion efficiency achievable with this technology
(it’s relevant to point out that the CHP technologies are implicitly synchronized
in terms of generation/ consumption power profile);



it has been agreed that also minor shares of non-renewable resources can be
considered in the VPS (in order to get a better synchronism between generation
and consumption, or for back-up purposes);



finally, the local nature of the proposed VPS makes the business model feasible
considering the resources available for the research, in the AlpEnergy project,
for its implementation.

Thanks to these characteristics, and particularly the fact that is mainly based on
renewable energy sources (CHP are encompassed but do not represent the
primary focus of the pilto applications), it is apparent that Virtual Power Systems
would meet both economic and environmental criteria at the same time.
Therefore, under some software programs, a Virtual Power System can mix and
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match resources nearly instantaneously as grid conditions change or in case of
environmental concerns (e.g. air quality).
This quality is widely recognized by all pilot applications, although with different
sensibilities. In particular, the pilot application in Belluno looks at Virtual Power
Systems as opportunities for avoiding costs for new networks or infrastructures,
whilst the French pilot application, focused on peak shaving opportunities, looks
at Virtual Power systems as a contribution to the reduction of CO 2 emissions
linked to electricity production.
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3.2.7

Bridging the Divide between wholesale and retail market
Virtual Power Systems can represent a bridge between wholesale and retail
market: this characteristic can be critical, but at the same time particularly
appealing, for utilities worried about the loss of control over generation they
currently do not control, but which they rely upon to ensure reliability throughout
the distribution networks.
This issue is due to the fact that, with the deregulation of the electrical system,
some functions that have sometimes been split up could be reintegrated thanks
to tighter links between wholesale and retail operations. In this sense, Virtual
Power Systems, located positioned exactly in between the production and the
consumption sides, could represent the element through (and in) which those
links might occur.
This is observed in particular in the Allgau pilot application, in Germany, for
which the links between wholesale and retail market is considered as needed,
since it would be impossible to produce power for the whole year on a
decentralized level (unless there are storages). And, again, this issue is
considered as crucial by the Mantova application in Italy, for which the reduction
of the distance between suppliers and users (eliminating the transit on the high
voltage grid) could significantly reduce the losses and create economic benefits.
In Italy, at the moment, this advantage lies towards the grid manager, and then
it could partially transferred to the renewable energy sources producers
according to the rules of “dedicated withdrawal”.
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3.3 Market opportunities
3.3.1

Smart grid upgrades
One of the greatest objectives of the AlpEnergy project was to represent a new
approach to the electrical network able to move towards the “smart grids”. But
what is a “smart grid”? Unfortunately, the term has been abused, thus becoming
a buzzword, as if it would be possible to simply upgrade the current antiquated
electricity grid with the latest and greatest IT gadgets and thus solve all of the
world’s energy problems. Therefore, we can say that it has publicized in excess;
nonetheless, it seems wise to underline that the research on this topic is
working and opening new unexplored opportunities. But the road is long, and
the need of new devices and software able to better manage the disparate
components of the “smart grid” represents a first step to explore practically the
brand new opportunities.

For this reason, the dry-test performed in the AlpEnergy project, in order to
evaluate the performance of new smart meters and other and new forms of
energy management of generators, appliances at customer sites, etc. is
fundamental to prove the viability of this new opportunities towards the smart
grids.
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As from the pilot applications, this opportunity represented by the AlpEnergy is
considered as of primary importance by most partners, and in particular from
the pilot application in the Allgau region, in Germany, and the RAEE region in
France.
It is possible to look at Virtual Power Systems as the first foundations for smartgrid technologies, working as a platform for delivering these specific services:
3.3.1.1 Reduction of peak demand

This aspect is considered as of extremely important by the pilot application in
Mantova, Italy, and in the RAEE region, in France.
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3.3.1.2 Reduction of power supplies

The topic of reducing wasted and precious power supplies by providing instant
feedback on how much energy any business, institution, or home is consuming
seems widely to be considered as fundamental by most of the applications. This
market opportunities goes in parallel with the chance of having foreseeable
consumption profiles able to release the backup capacity that has to be
guaranteed by the network.
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3.3.1.3 Right incentives for “smart” appliances

AlpEnergy has not started to evaluated the aspect of providing the right
incentives to encourage manufacturers to produce “smart” appliances that can
be programmed to reduce energy use and/or shift loads to lower-cost time
periods. Therefore, what can be measured is the perception of the given topic
for a future deployment of the smart grids.
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3.3.1.4 Sense and prevent power blackouts

Although of a considerable importance for the future of the smart grid, as it can
be inferred by the following picture, this topic has not been perceived as crucial
in the AlpEnergy project . A possible explanation for this can be found in the
reliance upon the existing “real” network for the pilot applications, thus avoiding
the opportunity of testing and simulating possible blackouts for the network and
compare its effect on the Virtual Power System.
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3.3.2

Climate change regulations
Although the development and promotion of a thorough climate change
regulation has not reached the light yet, it can be observed that some
examples, as some form of cap-and-trade, or simply a carbon-tax, seem to be
viable in few years.
In particular, not only the United States (considered as a prime-mover in this
field), but also other countries are also looking to enact some sort of carbon
regulation framework to replace the existing Kyoto Protocol. Nonetheless, a
large effort is required for United States and China, since these two countries
are the largest emitters of greenhouse gas emissions.
Considering the importance of the topic, it would be therefore important to
evaluate the importance of this market opportunity on the acceptance and
deployment of Virtual Power Systems.
This opportunity is considered as great by most of the pilot application partners
(3 out of 5 considered it as a “very important” market opportunity), and Virtual
Power Systems could gain the momentum from them to be widely deployed on
the market.
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3.3.3

Trends towards real-time and time-of use pricing
The need of customers to be able to respond to possible changes of electricity
prices, signals not available under the status quo electricity delivery system
drives the deployment of the new smart meters. This important aspect, that
represented one of the major topic for one pilot application of the AlpEnergy
project (Allgau in Germany), but also in the Aosta pilot application, enables the
grid – and, with greater extent, to a larger electricity system – to proceed
towards a more dynamic energy marketplace. Nonetheless, again it is worth to
point out that without the appropriate regulations that require or at least provide
this option for utilities and their customers, the Virtual Power Systems
development will be severely hindered, in particular considering the
consumption side.
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3.3.4

IT crossovers into power markets
It is possible to see that the “information” revolution that has already
dramatically changed the world of telecommunications is now crossing over to
electricity. This topic, although without large investment, has been explicitly
addressed in the AlpEnergy project and in particular by the Aosta application.
Even without developing new hardware, the partners have sought new
opportunities to utilize and exploit many of the existing innovations, both for
hardware and software pioneered in other business sectors. The project
represents a first example of what could be further explored: in fact, as experts
quite often declare, Internet and cell phone analogies are often used to depict
what the energy markets of the future will look like. Therefore, we should expect
that the perspective and performance of these relatively new markets for
products and services will leave a lasting imprint on power markets. From the
project, there is a strong confidence that the one-way relationship between
conservative monopoly electricity providers and their passive and powerless
customers is going to be shaken up.
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3.4 Implementation issues
3.4.1

Current consumer backlash against smart grid rollouts
The possibility of having a pushback by customers on smart meters does not
seem to be very critical, with the exception of the pilot application for the small
village in the Aosta region. For what concerns the other partners, during the
project it has been observed a wide willingness of moving towards the new
paradigm, especially because customers can immediately see their growing
power with more real-time information so they can reduce electricity
consumption when prices are high. Yet, some uncertainty regarding the
acceptance by consumers of the idea of taking more responsibility for on-site
energy management exist . A few VPS advocates offer a contrary view: the
current consumer push back is good for this market since utilities will not be
able to get away with saying they installed the smart meters, and they are now
done. “We need to hold the feet of the utilities to the fire, to really open up the
market and crate a level playing field and leverage the current CDE base to
provide a variety of grid services”, said one VPS market participant interviewed
for this report.
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3.4.2

Lack of VPS incentives and policies
One of the main research stream explored by the AlpEnergy project is the
evaluation of Virtual Power Systems under current regulations and with existing
technologies. This represents a starting point for designing new policies for
investments in the infrastructure and new organizational models for an effective
and widespread adoption of Virtual Power Systems.
From the pilot application, and in particular referring to the Mantova case in
Italy, a preliminary business case analysis highlighted that Virtual Power
Systems would be really viable with private or government subsidies. The
funding represents the contribution needed for paying the incentives for
renewable generation sources, and for the investments in hardware and
software equipment for energy management and communication systems.
During the project, an important question has arisen: is a specific incentive
needed for Virtual Power Systems? Apparently not. As partially expressed by
the Italian regulation on the connection of renewable energy power plants to the
grid, it is possible to see that some incentives structures for foreseeable
generation – possible with a particular aggregation of generation plants into a
Virtual Power Plant - reached the light: therefore, these incentives could make,
like the Internet, many different players enter the market.
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3.4.3

Lack of VPS standards and certifications
In general, it could be said that standards usually help, but many limitations can
hinder the huge variety of alternative for Virtual Power systems that could be
developed and explored. As emerged in the pilot applications for the AlpEnergy
project, and explicitly underlined by the Allgau application in Germany, the lack
of standards can represent, at the same time, an opportunity for developing new
solutions or a threat, since it is not clear the roadmap for a concrete
development of Virtual Power Systems.
For this reason, it is possible to see from the partners a different evaluation of
this implementation issue: for some of them it does not seem to be critical, since
they see new businesses opening for them; for others, it can represent a
limitation that should be really fixed to proceed.
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3.4.4

Emerging Electromagnetic Field and Other Health concerns
Considering a wide range of possible consumer oppositions to the adoption of
the technologies for the Virtual Power Systems functioning, the possible
existence of electromagnetic field and other-health concerns seem to be the
non-economic most important opposition.
It should be said that this aspect, due to the pilot application structure of the
project, is far to be clearly observed: nonetheless, from the first insights it is
possible to see that it is not considered as a primary issue for the
implementation, with the exception of the French case.
Therefore, for this concern we can conclude that future research and larger
scale applications could provide useful insights for this implementation issue
and make clear about the existence of possible health concerns.
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3.5 SWOT Analysis of Technological issues
One of the biggest challenges of the AlpEnergy project is represented by an
insight into the analysis of the technological issues that arise for a large
deployment of Virtual Power Systems. In the following section we aim at
analyzing different technological characteristics of the Virtual Power Systems in
order to highlight which of them on one side represent Strengths to be exploited
or Weaknesses to be limited, on the other side Opportunities opening or Threat
that could hinder a future market for Virtual Power Sytems.
For a matter of clarity, the pilot application of Allgau in Germany did not
addressed these issues, since the test has been conducted on existing and
already mature RES power plants.
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3.5.1

Strengths / Weaknesses
In this section we aim at analyzing the different technological characteristics of
the Virtual Power Systems, trying to underscore, with respect to the pilot
applications of the AlpEnergy project, which of them emerged as strengths or
weaknesses.
In order to provide a synthetic picture of benefits and drawbacks to be taken
into the evaluation of the Virtual Power Systems, a characteristic will be
considered as a weakness (1 to 4, 1 means a very important weakness) or as
an strength (5 to 8, 8 means a very important strength). Therefore, it will be
immediately clear the judgment (positive or negative) of the pilot application on
the considered characteristic, and it will be immediate to perform an evaluation
and comparison of the most relevant issues that have emerged in the
questionnaire.

3.5.1.1 Extremely modular

The modularity of the Virtual Power Systems, even considering the different
power technologies adopted by the different pilot applications, has been widely
recognized as a strength to be exploited for a future market.
Moreover, it is remarkable to underline the modularity and scalability for the pilot
applications in Aosta and Mantova in Italy, where both the pilots adopted biogas
plants for generating electricity, thus having a larger availability of being
adapted to the customers’ needs.
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3.5.1.2 Variety of renewable options

One of the major strengths of the Virtual Power Systems, is that it is neutral with
respect to the plants to be connected, in the sense that it allows to connect,
without large efforts, many different renewable options. Nonetheless, it should
be remarked that, for a well-balanced system, it is necessary to have both
flexible and non-flexible renewable options, in order to shape conveniently the
profile needed for satisfying the customers. For this reason, it is apparent that
the pilot application in Mantova, putting together under the hat of Virtual Power
Systems several PV plants and a biogas plant, has observed this strength more
than the other applications.
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3.5.1.3 Grid and off-grid applications

For what concerns this technological issue, it should be remarked that the
AlpEnergy project represents a pilot project, with very little effort to a concrete
implementation. Therefore, the partners in this case report a general strength
that could be exploited by the project, but without having really tested off-grid
applications. For this reason, the responses, with respect to this technological
issue, seem to be positive, but cautious.

VPS Market study

3.5.1.4 Can increase grid reliability

This technological issue represents a critical point that should be more deeply
investigated in future research projects. Indeed, three out of four pilot
applications that responded to this section considered this aspect as a strength
of the Virtual Power Systems. Nonetheless, even if the increase of the grid
reliability is considered as a challenging aspect of the new paradigm of the
electrical system, with dry-test it does not seem to be viably investigated.
Therefore, by the responses of the partners it is possible to see their confidence
in this benefit, but with limited caution on its real performances.
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3.5.1.5 Can reduce grid congestion

This technological issue represents a strength of the Virtual Power Systems that
seems worthy to be further explored, as emerged by the different pilot
applications. It is possible to see that, for what concerns the application in Aosta
and Belluno, the partners consider it exactly as the “can reduce grid reliability”
technological issue, i.e. a moderate confidence that this issue can represent a
strength, although without having a clear picture of the real performances.
A more detailed perception comes from the Mantova pilot application:
considering the purpose of their dry-test, that was to test the principle of the
VPS for the synchronized energy supply (from RES plants to public users),
connecting 4 RES plants and 3 public buildings in Suzzara, falling under the
same primary cabin, realizing a foreseeable load profile system, a good insight
into this technological issue can be obtained.
For the Mantova application, the reduction of the grid congestion is considered
as a major strength of the system: indeed, but further research to the grid
manager should be performed, the opportunity of having foreseeable profiles of
production and consumption seem to draw considerable benefits to the grid.
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3.5.1.6 Upfront capital costs for renewable

The capital costs for renewable energy sources still represents a limitation to a
wider deployment of these zero greenhouse gases emissions technologies. Of
course, it is not possible to compare the cost of these technologies with the
large scale power plants, due to existing economies of size. For this reason,
also the pilot applications of the AlpEnergy project consider this technological
issue as a weaknesses for a large scale deployment: nonetheless, the latest
improvements in the materials and the growing efficiencies seem to release this
weaknesses.
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3.5.1.7 Reliability of resources

The reliability of resources seems to be generally considered as a strength by
the pilot applications.
In particular it is possible to observe the high values of the responses given by
the pilot applications in Mantova and Belluno, who respectively have a large
availability of raw fuels for biogas plants and waterfalls. For this reason, the
AlpEnergy project has represented a unique opportunity for exploiting
endogenous energy resources.
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3.5.1.8 Fragmented regulatory regimes

For what concerns the fragmented regulatory regimes, it seems clear that, at
the moment, they represent not only a weakness of the Virtual Power Systems
as a whole, but also considering the technologies the Virtual Power Systems
rely on. As a matter of example, in Italy the connection of Renewable Energy
Sources to the grid is guaranteed, and the power produced by RES plants is
considerably subsidized. Nonetheless the opportunity of connecting different
technologies under a VPS still relies on communication and data management
technologies, for which the regulatory framework, at the moment, has not been
integrated into the RES plants regulatory framework. Therefore, it seems
appropriate to consider it as a weaknesses that should be considered in order
to develop a unique framework able to encompass all the technologies
embedded into the Virtual Power System.
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3.5.1.9 Unclear roadmap going forward

For what concerns the technologies of the Virtual Power Systems, at the
moment we can observe an unclear roadmap for their full deployment into the
electricity system.
This does not mean that the technologies are not subsidized – as said above for
RES plants in Italy, they are strongly subsidize – ; nonetheless, there is the
perception that a clear direction for structuring the development of the
technologies for really integrating Renewable Energy Sources into the system is
lacking. Therefore it is possible to observe the judgments of the AlpEnergy pilot
applications partners, that consider this technological issue as a common
weakness that could really slow the exploitation of the RES potential, especially
if connected in a Virtual Power System.

Nonetheless, it is possible to observe that the perception of this factor, even
within a single country in which it has been possible to involve different
experiences, is not homogeneous. Indeed, if, as showed by Aosta and
Mantova, an unclear roadmap of future steps is perceived effectively as a major
concern, this is not the case of the Belluno application, for which it is a minor
concern.
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3.5.1.10 Dependent upon grid upgrades

For what concerns the technologies of the Virtual Power Systems, the aspect,
from the responses of the pilot application partners, seem controversial. On one
side, Virtual Power Systems are looked as an opportunity to avoid grid
upgrades, especially for “remote” locations. Therefore, VPS should be
considered as a great benefits for those applications considerably far from the
distribution grid network. On the other side, the unique “remote” application in
the pilot application of the AlpEnergy project is represented by the Aosta case,
for which several production plants and users have been connected under a
VPS in a small village. Nonetheless, in this case, this technological issue has
been considered as a slight weakness, thus tending to deny the expected
benefits. In any case, and with particular focus the other pilot applications, they
do not have tested their VPS evaluating a grid upgrade: therefore they tend to
reflect their perception of the issue.
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3.5.1.11 Local perspectives of Strengths and Weaknesses

In this subsection we aim at providing a picture of the strengths and
weaknesses for the technological issues emerged in the single pilot
applications, thus allowing, whether possible, to make comparisons among
different regions in which the different technologies of the Virtual Power
Systems have been tested.

3.5.1.11.1 Italy

The pilot applications in Italy seem to have observed several key strengths
coming from the deployment of the Virtual Power Systems technologies. In
particular, the variety of renewable options, the reduction of the grid congestion
and the reliability of the endogenous resources seem to represent the most
representative strengths for a future deployment of the VPS technologies.
The major weaknesses observed in the pilot applications seem to be
represented by the upfront capital costs for renewable energy sources, still due
to an early stage of their commercialization, the fragmented regulatory regimes
and unclear map for the future of those technologies.
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3.5.1.11.1.1 Aosta

Strength

Weakness

Extremely modular
Variety of Renewable options
Grid and off-grid applications
Can increase grid reliability
Can reduce grid congestion
Reliability of resources

Dependent upon grid upgrades
Upfront capital costs for renewable
Fragmented regulatory regimes
Unclear roadmap going forward
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3.5.1.11.1.2 Belluno

Strength

Weakness

Variety of Renewable options
Grid and off-grid applications
Can increase grid reliability
Can reduce grid congestion
Reliability of resources

Extremely modular
Upfront capital costs for renewable
Fragmented regulatory regimes
Unclear roadmap going forward
Dependent upon grid upgrades
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3.5.1.11.1.3 Mantova

Strength

Weakness

Extremely modular
Variety of Renewable options
Grid and off-grid applications
Can increase grid reliability
Can reduce grid congestion
Reliability of resources

Upfront capital costs for renewable
Fragmented regulatory regimes
Unclear roadmap going forward
Dependent upon grid upgrades

VPS Market study

3.5.1.11.2 France – RAEE

With comparison with the Italian pilot applications, in the RAEE region in France
it is possible to observe smoother judgmentshas observed the strength of , in
addition to the strengths already discussed for Italy and Germany, the
importance of the diverse applications that can be represented by the VPS, and
the possible broad global markets that can be opened thanks to a large
deployment of Virtual Power Sytems.

Strength

Weakness

Extremely modular
Variety of Renewable options
Can reduce grid congestion
Dependent upon grid upgrades

Grid and off-grid applications
Can increase grid reliability
Upfront capital costs for renewable
Reliability of resources
Fragmented regulatory regimes
Unclear roadmap going forward
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3.5.1.12 Summary of the AlpEnergy project

Strength

Weakness

Extremely modular
Variety of Renewable options
Grid and off-grid applications
Can increase grid reliability
Can reduce grid congestion
Reliability of resources
Dependent upon grid upgrades

Upfront capital costs for renewable
Fragmented regulatory regimes
Unclear roadmap going forward
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3.5.2

Opportunities / Threat
In this section we aim at analyzing the different technological characteristics of
the VPS, trying to underscore, with respect to the pilot applications of the
AlpEnergy project, which of them emerged as opportunities or threats, the first
to be exploited, the second to be addressed and overcome, in order to have the
technologies that compose the VPS deployed in the market.
Following the approach presented in the previous sections, a characteristic will
be considered as a threat (1 to 4, 1 means a very important threat) or as an
opportunity (5 to 8, 8 means a very important opportunity)

3.5.2.1 Carbon regulations

The renewable energy sources at the base of the Virtual Power System would
surely gain a competitive edge if strict carbon regulations would take place in
Europe. In this case, it sounds clear that the stricter the regulation, the greater
the adoption of zero GHG technologies would be.
For this reason, this technological issue is considered as a great opportunity by
all the pilot application partners of the AlpEnergy project.
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3.5.2.2 Expanding markets

Partially connected to the previous point, it should be remarked that a largescale deployment of the Virtual Power System Renewable Energy Sources
technologies could lead to an expansion of the their markets. Indeed, VPS
could represent a boost, thanks to their flexibility and scalability, for adopting
RES plants, as emerged also from the pilot applications of the AlpEnergy
project, that consider this issue a great opportunity.
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3.5.2.3 Smart grid investments

The development of Renewable Energy Sources could also represent an
important driver for releasing investment in developing smart grids, that, in order
to fully exploit their potentials, definitely need small renewable energy sources
power plants. Therefore, it sounds reasonable that this technological issue is
perceived as a good opportunity by the pilot applications of the AlpEnergy
project.
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3.5.2.4 Village Power systems

Related to the exploitation of endogenous resources of a given territory, one
opportunity related to the development of Renewable Energy Sources is
represented by the possible creation of village power systems able to
reproduce, in small scale, the behavior of a large electricity system. The new
system, of course having as power sources the RES plants, could be sufficient
for small applications, and surely reduce the energy losses, providing, at the
same time, both electricity and other services or energy-by-product (e.g.,
including in the list of the technologies tested by the AlpEnergy project small
CHP plant, heat for small consumers could be a nice product obtained through
the exploitation of a small technology, that, by its nature, can be considered
exclusively as a “local” resource.
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3.5.2.5 Premium Power for Commercial and Industrial Customers

With the exception of the French application, the analysis of the Italian
applications show that there is a diffuse perception that this factor represents a
moderate opportunity for the diffusion of technologies for the production from
renewable energy sources.
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3.5.2.6 Government subsidies

Of course, one of the greatest opportunity for a large deployment of renewable
energy sources is given by government subsidies. In particular, considering the
Italian pilot applications, it seems important to underline that an incentive
system for Renewable Energy Sources still exists. Therefore, it would be
important to make a clear distinction between incentives for Renewable Energy
Sources “simply” connected to the grid and RES plants connected under a
Virtual Power System, thus following the approach tested by the Mantova case
in Italy.
Nonetheless, this result was partially expected, due to the general concern of
enterprises struck by the financial crisis. Indeed, government subsidies are
perceived as the greatest boost for sectors devoted to the production of
technologies for renewable energy sources.
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3.5.2.7 Lack of clear performance standards

The lack of clear performance standards represents an important threat for a
wide deployment of renewable energy sources. In this sense, several studies
have proved the wide range of efficiency provided by the PV plants, that quite
often inhibit their implementation. This threat has revealed to be quite common
for all the pilot applications.

With regard to this, it is interesting to see that the picture provided by Italian
applications is not homogeneous: indeed, the lack of clear performance
standards is not widely acknowledged as a minor concern.
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3.5.2.8 Safety issues

Looking at the responses by the project partners, the safety issues related to
the RES technologies seem to be a controversial issue: in fact, two of them
(Mantova and RAEE) considered as a threat, whilst two others (Aosta and
Belluno) considered it as an opportunity. Without getting too much into the
debate, it is possible to give an interpretation of their answers and relate them
to the technologies they have adopted in their Virtual Power Systems: in fact,
pilot applications like in Mantova adopted biogas plants, thus possibly
generating safety issues, whilst the application in Belluno, mainly relying on
Hydro and PV plants, seems to consider it as an element that can give its
contribution in providing a competitive edge in order to widely deploy these
technologies with respect to fossil-based technologies.
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3.5.2.9 Utility resistance & interconnection costs

The interconnection costs for the infrastructure (hardware and software) needed
for managing the Virtual Power Systems may represent, as highlighted by the
pilot applications, a threat that can slow the adoption of renewable energy
sources. In addition to that, it is possible to find the resistance of utilities
towards this new paradigm. It is of course an element that was out of scope with
respect to the AlpEnergy project, due to its very limited part of technical tests.
Nonetheless the picture could be not so extremely bad: there are examples of
utilities, as the project leader of the AlpEnergy project, that look forward to
explore these new opportunities, thus giving new “energy” to develop new
solutions for a less centralized electricity system.
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3.5.2.10 Weak economy limiting customer capital

First of all, for what concerns the countries involved in the research (performing
the dry-tests, i.e. Germany, Italy and France), it should be said that these
countries are not weak economies, and the difficulties they reflect are
exclusively the difficulties of the whole economy. It At the moment, Europe is
facing a deep crisis, limiting the investments in all the sectors: therefore, some
experts involved in the commercialization of Renewable Energy Sources
components, and more generally related to the energy market, are observing a
considerable restriction of the investments also in this field.
Confirming this trend, also the pilot applications for the AlpEnergy project
consider this issue as a possible threat. Nonetheless, but further research
focused on really weak economies could provide its important contribution,
weak economy could represent an important limitation for capital investments in
new power sources.
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3.5.2.11 Local perspectives of Opportunities and Threats

In this subsection we aim at providing a picture of the opportunities and threats
emerged in the single pilot applications, thus allowing, whether possible, to
make comparisons among different regions in which the VPS have been tested.
3.5.2.11.1 Italy

From the pilot applications in Italy (Aosta, Mantova and Belluno), it is possible to
observe a common behavior considering the technological issues. The greatest
opportunity observed is represented by the government subsidies, but all of
them consider (although with different grades) carbon regulations, expanding
markets, smart grid investments, village power systems, premium power for
commercial and industrial customers as opportunities to be exploited. With the
exception of the Mantova case (in one case), they share the same threats, i.e.
lack of clear performance standards, safety issues (Aosta and Belluno consider
it as an opportunity), utility resistance and weak economy limiting capital
investments.
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3.5.2.11.1.1 Aosta

Opportunities

Threats

Carbon regulations
Expanding markets

Lack of clear performance standards
Utility resistance & interconnection
costs
Weak economy limiting customer
capital

Smart Grid Investments
Village Power Systems
Premium power for commercial and
Industrial Customers
Government subsidies
Safety Issues
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3.5.2.11.1.2 Belluno

Opportunities

Threats

Carbon regulations
Expanding markets

Lack of clear performance standards
Utility resistance & interconnection
costs
Weak economy limiting customer
capital

Smart Grid Investments
Village Power Systems
Premium power for commercial and
Industrial Customers
Government subsidies
Safety Issues
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3.5.2.11.1.3 Mantova

Opportunities

Threats

Carbon regulations
Expanding markets
Smart Grid Investments

Lack of clear performance standards
Safety Issues
Utility resistance & interconnection
costs
Weak economy limiting customer
capital

Village Power Systems
Premium power for commercial and
Industrial Customers
Government subsidies
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3.5.2.11.2 France – RAEE

The pilot applications in France has given higher priority, from the point of view
of opportunities for a wider deployment of RES technologies, to carbon
regulations and government subsidies. For what concerns the threats, the lack
of clear performance standards – already emerged as a threat in the Italian pilot
applications – and the utility resistance & interconnection costs, seem to be the
most critical issues to be analyzed. This conclusion sounds reasonable
according to their specific situation, for which more than 80% of the energy
produced comes from large nuclear power installations and a large share of the
production is managed by a unique private (but State-owned company), i.e. a
very centralized electrical system. Therefore, it seems that Virtual Power
Systems, with their new and decentralized approach to the grid, could face
several difficulties to be implemented.
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Opportunities

Threats

Carbon regulations
Expanding markets
Smart Grid Investments

Lack of clear performance standards
Safety Issues
Utility resistance & interconnection
costs
Weak economy limiting customer
capital

Village Power Systems
Premium power for commercial and
Industrial Customers
Government subsidies

Neither opportunities nor threats:
Premium power for commercial and Industrial
Customers
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3.5.2.12 Summary of the AlpEnergy project

Opportunities

Threats

Carbon regulations
Expanding markets

Lack of clear performance standards
Utility resistance & interconnection
costs
Weak economy limiting customer
capital

Smart Grid Investments
Village Power Systems
Premium power for commercial and
Industrial Customers
Government subsidies
Safety Issues
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3.5.3

Synthesis of SWOT analysis

Strength

Weakness

Extremely modular
Variety of Renewable options
Grid and off-grid applications
Can increase grid reliability
Can reduce grid congestion
Reliability of resources
Dependent upon grid upgrades
Opportunities

Upfront capital costs for renewable
Fragmented regulatory regimes
Unclear roadmap going forward

Carbon regulations
Expanding markets

Lack of clear performance standards
Utility resistance & interconnection
costs
Weak economy limiting customer
capital

Smart Grid Investments
Village Power Systems
Premium power for commercial and
Industrial Customers
Government subsidies
Safety Issues
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Threats

3.6 Potentials of the Technologies
In this section we aim at providing a synthetic picture of the potentials for power
technologies adopted in the Virtual Power Systems, since a large discussion
about technical aspects is out of scope for this document.
Yet it can be easily observed the impressive growth of RES industry over the
past few years, in some nations – of course it is the case of Italy – thanks to two
main elements:
1) On one side, a very profitable incentive systems, that has dramatically increased
the return of investments for these technologies;
2) On the other side, a regulation system established for a wide development of RES
technologies mainly into the residential sector, but now also expanding towards
the industrial sector. By law, all new residential buildings must be able to provide
at least 50% of hot water coming from renewable energy sources, thus “forcing” to
mainly cover the roofs by PV or thermal solar plants.
3.6.1

PV Plants
It’s the largest, for adoption in the world, and most important RES technology, if
we exclude from the analysis the large hydro-plants, that it is indeed a
renewable energy technologies, but, due to its range of power produced, is not
usually considered as a distributed resource.
Thanks to its scalability and modularity it goes from very small residential
applications up to medium power plants, with remarkable new businesses
opened mainly in Germany and the United States. The position of Germany is
worth to be briefly discussed: despite the not so favorable position in latitude,
this Country has set a very high goal in the world, with its 25% of its total
capacity aimed to be generated from solar PV.
Moreover, the efficiency of conversion of PV panels is estimated to reach a
maximum value of 20%, therefore, due to this low energy density, the number of
installations to reach such a high objective seems to be really impressive.
It is clear that this large amount of plants needs to be managed: therefore, for
such a high level of penetration in the electricity system, it sounds appropriate
to have structure like Virtual Power Systems able to control and manage so
many plants. For this reason, the Research and Development funding in this
topic is one of the largest in the world.
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Another issue that should be addressed is the very high costs of PV plants in
terms of €/kWh, in the sense of not only taking into account the investment
costs for installing a new PV plant and also the operating and maintenance
costs, but to refer them according to the number of working hours of the plant,
also considering that, due to its low load factor, this source does not seem to be
flexible. Some estimates claim that the prices for solar PV have consistently
dropped over the past few years, and that downward pressures on costs and
prices are likely to continue over the next few year. Nonetheless, for a wide
deployment of PV plants, especially looking at a stable market without large
incentives, great efforts should be performed.
3.6.2

Wind plants
For what concerns the scope of this study, it is necessary to exclude from the
analysis medium and large wind power plants. Therefore the focus will be
devoted to small wind plants. According to the characteristic of this technology,
it should be expected that small wind will likely play a role in niche markets. But,
thanks to state incentives, the small wind industry can have a rapid growth in
the next few years. According to manufacturers of small wind turbines, the
numbers seem to be impressive, since they are predicting as much as a 30-fold
increase in the number of installations within the next five years. Nonetheless,
due to the world’s economic recession, it seems difficult for these results to be
reached, and therefore it is reasonable to reduce the expansion rate of this
technology.

3.6.3

Hydro plants
Small-scale micro hydro plants, like those evaluated in the AlpEnergy project,
seem to be an efficient and reliable form of energy.
In particular, for what concerns the advantages, it can be observed that the
installation of an hydro plant it does not require large amounts of water, thus, in
potential, its use is particularly vast. Moreover, it is also a quite reliable
electricity source, especially if compared with PV plants in Western countries,
since produces a continuous supply with peaks during the winter; and, last but
not least, its impact on the landscape is absolutely limited, since the water
flowing in the generator is immediately directed back into the stream.
Nonetheless, for fully exploiting the potential of this source, several elements
should be considered. First of all, it is not a renewable energy sources that can
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be adapted according to the demand without a significant change in the water
stream. Secondly, although it can provide its major contribution during the
winter season, can have shortages during the summer season, where the
demand of electricity is usually larger.
Taking into account both advantages and disadvantages of this technology, it
can be said that Virtual Power Systems could really represent a great
opportunity for the deployment of these sources, since the shortages in the
summer season could be balanced by PV plants, the problems of scalability to
the demand could be solved with larger biogas plants, and the fact of not
requiring large amounts of water seems to suiting perfectly the local dimension
of Virtual Power Systems.
3.6.4

Biogas Plants
According to a recent report released in 2008 on the potential of biogas in
Europe it is claimed that biogas plant sector has become Europe’s fastestgrowing renewable energy sector. Firstly, an important explanation for this
result is that biogas fuel is a particularly can fuel a variety of power generation
technologies, e.g. microturbines as those evaluated in the pilot applications of
the AlpEnergy project.
Secondly, the variety of sources from which biogas fuel can be derived. At the
moment, biogas fuel is derived from three primary wastes: urban landfills,
municipal wastewater treatment plants, and rural livestock operations.
Third, it can be developed at a larger scale than than either solar PV or small
wind, thus enabling to serve a larger number of customers.
Fourth, biogas has the advantage of being a 24/7 generation resource, thus
providing the “baseload” for residential, commercial and even small industrial
applications.
Fifth, it is a flexible electricity source, in the sense that the fuel could be easily
stored, and the power to be produced adapted according to the customer
needs.
For all these benefits, these RES systems are aggressively entering into the
market showing their economic viability in several countries, starting from
Germany and United States. And it seems to be the RES source with the

VPS Market study

greatest potential of expansion, as, additionally, a great amount of future
potential capacity is in the exploratory phase of development.
3.6.5

CHP plants
Although not properly a Renewable Energy Sources, CHP plants may still play
a role in the Virtual Power Systems market, since they are plants with very high
efficiency with their ability to capture heat, thereby providing additional value
that perfectly fits with the size of a Virtual Power System. In particular, there are
several benefits that can represent a starting point for a mature deployment of
those technologies: first of all, the opportunity of utilizing waste heat may be
important for residential or commercial applications, and thus particularly
attractive for a structure like a Virtual Power System.
Secondly, the installation of small CHP plant can provide a reduction in peak
load, thus contributing in deferring additional large-scale centralized generation
plants, and deferring electric transmissions upgrades and expansions.
Thirdly, it should be appropriate that, thanks to its simplicity, the CHP
technology requires short lead times to be installed in a site, thus allowing to
respond quickly to increases in the demand.
Fourth, although not a proper RES zero-GHG technology, thanks to the
improvement in the efficiency, it can provide considerable benefits in reducing
the GHG emissions, with particular focus on industrial applications.
And fifth, it is considered as a baseload 24/7 power technology, like biogas
plants, thus with advantages for residential, commercial but also industrial
applications .
Of course, looking at the specific technology, the benefits of exploiting the
waste heat from the electricity generation are greater if the plant is close to the
buildings it is serving, since thermal energy is generally carried in the form of
hot water. Some recent estimates claim that, thanks to the exploitation of a
large part of the thermal potential, the efficiency of a CHP plant can reach up to
90% in comparison with 60% in conventional gas-fired power plants.
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4 CONCLUSIONS
The main pilar of the European Union’s policy on renewable energy is the 2020-20 goal of electricity supply from renewable energy and 2020 of reduction of
GHG emissions by 2020. In order to achieve these goals, several initiative like
the AlpEnergy project have been established, aiming at exploring the potentials
of renewable sources from the point of view of integration, improvement of the
transmission and distribution infrastructure for electricity, etc. To do that, as
emerged in the market study and from the pilot applications of the AlpEnergy
project, it is clear that Virtual Power Systems can represent viable and
promising solutions for higher penetrations of renewable energy and also a
push for greater energy efficiency across all economic sectors.
But, it should be remarked that, as expressed by one partner of the project,
“VPS could work effectively only with a liberalization of the electricity markets in
the European Union, basing on principles of greater dissemination of
information to customers, greater competition, lower power to single utilities”.
The market study has allowed to understand that, beside the power
technologies needed for producing electricity, Virtual Power Systems, to work
properly, call for advanced metering, in order to provide the needed pricing
information to consumers, as in the case of the Allgau pilot application.
Therefore, one important point that has been considered as an issue that needs
to be carefully addressed is concerning the national legislation, that should be
really open to a more dynamic pricing system.
Not necessarily as an alternative, the market study has highlighted the need for
a comprehensive incentive system able to encompass all the technologies
embedded in the Virtual Power Systems, and not exclusively the RES plants at
the production side of the system: therefore, data management and
communication system should be boosted when needed for putting together
energy suppliers and customers under a Virtual Power System.
Another factor that could speed up the adoption of Virtual Power System is a
new Emission Trading Scheme (ETS), that, besides the general objectives of
the European Union on the reduction of GHG emission by 2020, should be in
place by 2013 and should be much more focused on limiting polluting
emissions. Virtual Power Systems look favorably this scheme, as it is seen as a
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measure for fostering the adoption of Renewable Energy Sources, that, as
expressed in the AlpEnergy project, are at the base of the paradigm.
With all these instruments in place, Virtual Power Systems could really be the
base for the “electrical system revolution”, shifting from a centralized towards a
distributed approach to generation and consumption. At the moment, to fully
prove the advantage of Virtual Power Systems, further research should be
devoted in order to evaluate the potential cost savings for the grid, that are quite
difficult to be calculated without a field test.

Nonetheless, the National policies on renewable energy sources in European
countries, like Germany and Italy, that are also the core pilot applications of the
AlpEnergy project seem to be quite robust.
This position, although the world’s economic recession of the last few years
seems to represent the basis for continuing investing in the research for
lowering the cost of technologies, evaluating the potential cost savings for the
system, and in synthesis, to expand the market for sustainable renewable
energy resources.
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