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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:

)l
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General debate of all project partners on the VPS economic features during the
partner meeting at Kranjska Gora on 7"-8" 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 1* 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 25" October 2011;

Final report preparation.
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1 INTRODUCTION

This final documenthasbeen el aborated within the project

an Instrument to Promote Transnational Cooperation and Sustainable Energy Supply in
the Al pine Spaceo (Al pEnergy) wunder the
AAl pi ne SpASk)eM7-20BT C

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 Allgau 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 Rhdne-Alpes,

France, and the region of Gorenjske, Slovenia.
The objectives of the project are:

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

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

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

1 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;

1 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
hardwar e applications for t he VPSs b funct
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.

VPMarket study



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 Al pEnergy proje:
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, accordingto Al pEner gy projectsd 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 Al pEnergy project
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;
Secton4d:Economic VPSsd 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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Section5:0t her VPSs6 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 sub-

consortium) 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 1%, 2011, as a draft,
with information to be further requested, with the deadline for the responses
fixed on June 20", 2011.

2) SECOND CALL: the full questionnaire has been sent on June 21%, 2011,
with the deadline for the responses fixed on June 30™, 2011.

VPMarket study



3 RESULTS

This report has been structured in order to evaluate the VPS test applications in

five regions that answered the questionnaire, i.e.:

- Allgdu Region, Germany;

- Suzzara municipality (Province of Mantova), Italy;

- Saint Denis municipality (Valle doAosta Re
- Belluno Province, Italy.

- Rhone-Alpes, France

In particular, the economic and market aspects of Virtual Power Systems have
been evaluated accordingtot he aut horsd knowl edge and the

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

guestionnaire.

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).

Modular In Nature
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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.

Flexible Architecture
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As emerged for the fAmodular in natureo char
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.

Diverse Applications
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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.

Zero or low upfront capital cost
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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.

No current show stoppers
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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.

Broad global markets
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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.

Reliability of resources
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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.

VPMarket study



Fragmented regulatory regimes
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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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Unclear roadmap going forward
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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 All gau region
upon grid upg ristidRas beencehahiateal @ & 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.

Dependent upon 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.

3.1.1.11.11Italy

The pilot applications in ltaly 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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3.1.1.11.1.1A0sta
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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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3.1.1.11.1.2Belluno
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Flexible Architecture Fragmented regulatory regimes
Diverse Applications Unclear roadmap going forward
Zero or Low upfront capital costs Dependent upon smart grid upgrades
Broad global markets (especially for | No current show stoppers
DEG)
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3.1.1.11.1.3Mantova

Mantova

O = N W b U O N @

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 Germanyz 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 Fragmented regulatory regimes

Flexible Architecture Unclear roadmap going forward

Diverse Applications

Reliability of DR & DEG resources

Dependent upon smart grid upgrades

Neither strengths nor weaknesses:

Zero or Low upfront capital costs Broad global markets (especially for
DEG)

No current show stoppers
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3.1.1.11.3France: 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.

RAEE

O P N W DB U O N @

|1||I|.||I

Modular in nature

Reliability of DR & DEG resources

Flexible Architecture

Fragmented regulatory regimes

Diverse Applications

Unclear roadmap going forward

Zero or Low upfront capital costs

Dependent upon smart grid upgrades

Broad global markets (especially for
DEG)

No current show stoppers
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3.1.1.12 Summary of the AlpEnergy project

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.

Carbon regulations
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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
Al é] mainly based on renewable energy resou
reasonable to assume that all the partners consider VPS as a major opportunity

for an expansion of the market for renewable energy sources.

Expanding markets for renewables
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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.

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.

Declining costs with Distributed Energy
. Generation
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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 Aistayand i atl ogwteshhgoyies @mdu t
telecommunication advances, since a field development of new technologies

and telecommunication systems is out of scope for the AlpEnergy project.

Telecommunication advances
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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.

Plug-in Hybrid Electric Vehicles
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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.

Lack of clear standards
8
7
6
5
4
3
2
1
0
Aosta AUEW BIMI Mantova RAEE

VPMarket study



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.

Closer Grid Architectures
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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.

Competing business models
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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.

Back-end billing complexity
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3.1.2.11 Local Perspectives ofOpportunities 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.

3.1.2.11.11ltaly

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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3.1.2.11.1.2Belluno
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3.1.2.11.1.3Mantova
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3.1.2.11.2Germary: 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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3.1.2.11.3France: 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.

RAEE
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3.1.2.12 Summary of the AlpEnergy project

Carbon regulations Lack of clear standards
Expanding markets for renewables Back-end hilling complexity
Smart grid investments Closer grid architectures

Declining cost curves with DEG
Telecommunication advances

Plug-in Hybrid Electric Vehicles
Competing  business models (i.e.
microgrid)

AlpEnergy
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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
DEG)

markets (especially for

Reliability of DR & DEG resources

Opportunities

Threats

Carbon regulations

Lack of clear standards

Expanding markets for renewables

Closer grid architectures

Smart grid investments

Back-end billing complexity

Declining cost curves with DEG

Telecommunication advances

Plug-in Hybrid Electric Vehicles

Competing  business  models
microgrid)

(i.e.
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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) i mainly run-of-river
hydraulic and CHP units 7 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.

Better Generation asset utilization
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3.2.2 Greater flexibility inMeeting 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 i and
then retired 1 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 lItalian 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.

Greater Flexibility in meeting power demand
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3.2.3 Synergy with Demand Response

Virtual Power Systems artei mel, e atna mwarteahgea ic
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 |l oadbés ener gy r ergizng af the poweh@dantkandtheo t he ov
di stribution network (if the | oad doesnoét h
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 key-
point 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 ShorTerm Supply Portfolios

As partially introduced in Section 3.2.2, Virtual Power Systems often a lot

flexibility i and complexity i since they may involve hundreds (or thousands) of

residential customer loads. Thanks to this flexibility, the VPS is able to
aggregatethemand t hen puts these resources on an
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 arenot the prere
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.

Modular and nimble short-term supply portfolios
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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 extra-
costs due to the implementation of the Virtual Power System, but it is not

possible to draw any conclusion on the

In conclusion, it seems that the pilot application cannot provide really a valid

platform for evaluating this market issue.

Automated Load Dispatch
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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 i or

most environmentally beneficial i resources at any specific instant of time

thanks to software optimization programs for data management and

communi cati on. Agai n, we Cc a nMoreowel, lit ist hi s be
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;

1 in the Medium voltage network (local nature), if the electric power production
andconsumption are synchronized, itbébs possilt
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
exploitatonof t he fAsmal l sizedo renewablrng resour
with a reduced impact on the landscape;

1 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 ds r el eoutdhattthe CHP teghmalogiés are implicitly synchronized
in terms of generation/ consumption power profile);

9 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);

1 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, emissions
linked to electricity production.

Economic & Environmental optimization
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3.2.7 Bridging the Divide betweenvholesale 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 fAdedicated

Bridging the divide between Wholesale and

. Retail Markets
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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 net work able to
what is a fAsmart Qpertarndhas?bedd abused, thus heaamiand v, t

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

w o r ledeégg 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 i s ma r trepgesemntdadfirst step to explore practically the

brand new opportunities.

Smart Grid upgrades
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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 smart-
grid 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.

-- reduce peak demand
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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.

-- reduce wasted and precious power supplies
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AlpEnergy has not started to evaluated the aspect of providing the right

incentives to encourage

manufacturers to

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.

-- provide right incentives
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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 fAireal o network f
the opportunity of testing and simulating possible blackouts for the network and

compare its effect on the Virtual Power System.

-- senhse, and prevent, power blackouts
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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 of 5 dered it

Power Systems could gain the momentum from them to be widely deployed on

out consi as a fAver

the market.

Climage Change regulations
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3.3.3 Trends towards reatime 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 i and, with greater extent, to a larger electricity system 1 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.

Trends towards real-time and time-of-use pricing

35

2.5

1.5

0.5

Aosta AUEW BIM Mantova RAEE

VPMarket study



3.34

IT crossovers into power markets

t hat t he i

dramatically changed the world of telecommunications is now crossing over to

It i s possi bl e t o see
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
guite 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.

IT crossovers into Power Markets
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3.4 Implementation issues
3.4.1 Current consumebacklash 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. ifWe need to hold the feet of the
market and crate a level playing field and leverage the current CDE base to
provide a variety ofVP$markdtpastieipant intereiesved, s ai

for this report.

Current consumer backlash against smart grid
rollouts
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3.4.2 Lack ofvPSncentives 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 7 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.

Lack of VPS Incentives and Policies
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