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��1	Abstract

The Project tasks of contract JOR3-CT96-0035 are related to research, development and technical testing of a high energy flywheel.

The Project falls within a context of demand management and more specifically within a context of demand-side management. ELECTRABEL, the Belgian electricity generator and distribution company, is concerned by this aspect in the case of both electricity and natural gas.

The Project falls within a context of demand management and more specifically within a context of demand-side management.

The Project envisages the design, development and technological testing of a High Energy Density Flywheel having an electrical energy storage capacity with maximum values of 20 kWh and maximum power of 10 kW. 

These figures were maximum target as set for at the start of a pre-feasibility study realized. Simulations using a sample of 70 residential low-voltage consumers have shown that for the targeted customer category a size of 4 kW power and 5 kWh energy storage will be the theoretical best figure.

The coordinator SIGMA in Belgium and the contracting Partners ASEA BROWN BOVERI in Finland, ELECTRABEL in Belgium and TRIVEA Technologies International in Luxembourg have, for achieving the objectives, made appeal of AKZO NOBEL in the Netherlands as associated contractor.

After one year of work the Work Programme had to be revised.

According to the revised Work Programme the main objectives to be are :

Identify the design parameters and perform testing of a laboratory Prototype One 

Define the techno-economic parameters for flywheel applications as energy storage device for windfarms

After completion of the test it was decided not to continue with the design of an optimised so called “prototype Two” for the main reason that there is no techno-economic perspective with the actual technology on flywheels.

�Partnerships

Following Companies have contributed to the GYROWATT Project in alphabetical order.



ASEA BROWN BOVERI  Ltd.

Mr. KONONEN

Strömbergintie, 1 PO Box 184

SF-00380 Helsinki - Finland

C/o Asea Brown Boveri Belgium

Mr. Jean-Marie BODSON

Hoge Wei 27

1930 Zaventem – Belgium



ELECTRABEL

Mr. Alfred DEMOUSELLE

Bd. Du Régent 8

1100 Bruxelles - Belgium



SIGMA nv Engineering

Mr. Willy GOOSSENS

Frankrijklei 128A/130

2000 Antwerpen – Belgium



TRIVEA TECHNOLOGIES INTERNATIONAL sa

Mr. R. NOBELS

Bd. Prince Henri 11A

1724 Luxembourg – Luxembourg

�3	Objectives 

According to the original Work Program the main objectives to be reached are :

Define the optimal power end energy storage for a device to be used as a load leveling system for low-voltage users

Design of a laboratory Prototype One 

Define the techno-economic parameters for flywheel applications as energy storage device for windfarms

Manufacturing and testing of Prototype One 

Design of the laboratory Prototype Two following the testing and results of the Prototype One;

Define the techono-economic parameters for flywheel applications as energy storage device for windfarms

�4	Technical Description

4.1	Introduction

Kinetic energy is stored as rotational energy in a flywheel. Advantages are the possibility of high load and unload torque of the flywheel and the long life time. The key point to the practical use of the flywheel as storage system is the high storage capacity.

Flywheels have been used as power source and been abandoned in trolleys and busses some time ago as a consequence of the low energy density, resulting into insufficient performance. Under impulse of the space program a new technology for flywheels has emerged. It integrates high strength fibers, advanced bearing technology and advanced controls and power electronics.

Energy density is the ratio of the energy stored to the flywheel's mass. It's unit is Wh/kg. Conventional chemical batteries achieve from 20 to 100 Wh/kg. Flywheels could attain theoretically 200 Wh/kg. 

However the characteristic of the chemical battery for the load leveling application comprises three main disadvantages: a poor power density, limited service life in combination with poor resistance against frequent loading and unloading. 

With the general conclusion of orienting studies found in the literature in favor of the flywheel for the application in this Project still many flywheel device variants are possible. Only for the flywheel as a subsystem these variants concern shape (e.g. disc, cylinder) and used materials (metals, composites). These aspects will be investigated further on.

4.2	Design set of the flywheel based device

One of the first tasks to be performed by ELECTRABEL when studying a demand-side management tool has been to determine the storage size more precisely by using simulations based on actual low-voltage customer data. These data were taken from the ELECTRABEL database, which are fed by various internal projects and systematic measuring campaigns. These simulations made it necessary to develop a fine-tuning model and graphical tool.

Concerning the size of the flywheel, and more specifically the 10 kW/20 kWh, these represent a range of values, the purpose of which is to meet the requirements of the various categories of low-voltage customers (the power made available to these customers ranges from 10 to 100 kVA). 

There can be only one storage configuration for a total number of sites representing several million customers due to the single fact of economy of scale production.

Major simulations using a sample of 70 residential low-voltage customers monitored by ELECTRABEL have shown that for this particular customer category a size of 4 kW/5 kWh was a theoretical best figure. The 4 kW can be increased to 10 kW if the over-investment for the electronic converter is acceptable to these customers. An energy capacity of 20 kWh is not, however, justified for this customer category.

This optimum figure (4 kW/5 kWh) meets the end-customer financial economy requirements and the distributor demand-side management requirements whatever the context in which the latter is operating (regulated or deregulated market). The optimum figure is therefore clearly customer-oriented.

An extra customer to the 70-customer sample was added, the PLEIADE house. This is a project implemented by ELECTRABEL. With relation to the objectives of this Project the house has been monitored by ELECTRABEL.

The result of the theoretical fine-tuning by size simulation (4 kW/5 kWh) of storage for the sample of 70 customers (with a traditional tariff system and no management system) should be tested in comparison with the characteristics noted for the PLEIADE house. We have used all available data to check whether dimensioned storage for 70 “normal” customers was compatible with a house with low energy requirements. We were able to demonstrate that optimized storage for residential customers (4 kW/5 kWh) was also appropriate for this dwelling, despite the extreme high thermal insulation and the electricity load management already achieved. Moreover, more generally speaking, it was shown that the use of a tariff signal such as that which is used for the three-rate time-of-use tariff was an incentive for the installation of storage at the homes or facilities of low-voltage customers (the financial saving made by the end customer proves that the signal is adequate, independently of the future evolution of this tariff). 

Other categories of low-voltage customers will be interested by values other than 4 kW. In this case, we shall be close to or slightly over 10 kW.

A simple storage piloting system was developed by ELECTRABEL. This could be implemented in a decentralized device without requiring two-way communication with the local energy distributor. However, its integration in a future integrated home system is recommended. 

The effectiveness of storage dissimination has also been studied. This leads to the search for one or more customer criteria. The probabilistic criterion yielded the best result. Moreover, this approach has demonstrated that high daily consumption does not necessarily generate high storage efficiency. 

The description of the methodology used for the reception tests for electronics and electricity of Prototype One have begun. Distributor requirements were noted, taking European standardization into account.  This method will be adapted according to the characteristics of the Prototype One (power and converter).

4.2.1	Mechanical Subsystem

When one encounters information and study work on flywheel energy systems the flywheel itself as a component in the integrated structure attracts most of the attention of the investigator and engineer. Indeed the flywheel is dominant to the application of such a device and the flywheel determines to a large extend the dimensioning of the system, but too little attention is paid to the device as an integrated system.

From the study work, already started from the start of the Project, the Project Team has found multiple information, research, papers, patents, internet, etc. relating to the  subsystems of the energy system, the flywheel being the dominant factor. 

It is learned from the review that the technology improvements on flywheel, motor/alternator, power control, bearings and vacuum housing has gained considerably the last decade, and not only as spin-off from military or space projects. These technological improvements are, unfortunately, seldom integrated into commercialized systems. This is the case for technology still in the experimental, not thoroughly tested stadium, but mostly due to the high costs of fabrication. We refer to the extensive study and research work done by American and Canadian institutes mainly focusing on the design of the flywheel.

Given the objective of the Project’s load leveling device to become an economically feasible system to the customer and to the energy distributor in the future, the Project Team decided to remain critical to the information on technological breakthroughs or spectacular improvements made and published by investigators worldwide. 

This viewpoint was endorsed and warmly supported by the flywheel project team of the Dutch company CCM, with whom the Project Team has close contacts. 

An other important aspect was raised from the technical review worldwide. In order to follow the proposed time schedule, already in delay, the Project Team had to focus to the determination of the components in the design faze and with the manufacturing of prototype One to available technology and proven systems. 

�4.2.2	Converter

Particular interest is given to the converter of the flywheel device. 

From study, covered by the relevant period of this paper, and research of state-of-art technology on flywheel devices and the electrical subsystem in particular, partner ABB has concluded to proceed with a 4Q line converter AC/DC prototype.

Basic testing was done under process now in Finland. The aim of those checks is to investigate the general characteristics of that prototype acting as a general purpose AC ( 3�phase LV) DC converter.



Where the testing of the flywheel prototype is concerned , the power and control electronics of prototype One will not use any innovative elements. They consist of classical and proven technology that is already experienced in the variable frequency drives with a permanent magnet rotor. 

The performances of the electronics of Prototype One were  studied and checked in detail in order to prepare Prototype Two with a better practical knowledge. 

The main electrical topics of those tests were:

Losses;

Power and frequency limitations;

Stability of electrical parameters;

Power regulation;

Reactive power, harmonics;

Interfacing possibility for a 4Q line converter unit;

 

�4.3	Prototype One Description

The concept of the flywheel system selected by the Project Team as the prototype One, is illustrated below and is characterized by:

Integrated construction of flywheel and electrical machine;

A high speed thick rim flywheel, made of tangentially wound fibre composite. Modularity of energy capacity as well as improved failure behavior are achieved by the application of disc modules;

A high speed permanent magnet electrical machine for the transmission of power, integrated in the hub of the flywheel. The electrical machine is of the exterior type: the rotor is outside the stator.

The flywheel is mounted directly on the rotor of the electrical machine. Special measures are necessary for the reduction of the radial stresses in the thick rim flywheel and the prevention of high speed rotor;

The rotor of the electrical machine has permanent. The stator is the central part of the construction and forms a closed system to or from which electrical energy, cooling liquid and lubrication oil are transported;

The bearing system is based on high speed ball bearings;

The total flywheel/electrical machine combination, including the bearing system, is enclosed by a vacuum containment for both safety reasons and minimizing of the windage losses;

The unit is mounted in a cardanic suspension for preventing the bearing loads due to gyroscopic effects;



The main dimensioning of the flywheel system are:

Total mass of 780 kg;

Main dimensions: Dim. 1 m x 0.8 m;



In this design the mass of the system is mainly due to the stage of the development. The containment and stator assembly are not yet weight optimized because of safety requirements and test purposes.

Only the mechanical subsystems are being illustrated in this paper.



�Key characteristics:

Capacity (available energy): 5 kWh

Losses: 7%

�









4.3.1	The Flywheel

The flywheel consists of four thick rim modules of the layered type with double press fit. In this way no dangerous radial tensile stresses occur up to the maximum speed. The main specifications of the flywheel are:

Dimensions: Dim. 29 to Dim. 68 com (x 10 cm)

Materials: aluminium (ca. 4 cm), E-glass epoxy (ca. 7 cm), HS-carbon epoxy and HM-carbon composite.



�4.3.2	Winding

The winding of the total thickness was don at one go with more rovings at a time and using a high accuracy mandrell with side flanges. The rovings were impregnated with a cold curing epoxy resin. Curing was done on the mandrell at ambient temperature. For improving the mechanical properties of the epoxy at high operational temperatures, the rim was “post cured” at high temperature (about 80°C). The E-glass epoxy flywheel showed excellent and smooth disc surfaces without any signs of fibre instability or cracks.



    Containment

The containment is designed to provide a vacuum environment for the flywheel motor/generator unit and with special attention for the safety function. Penetration of the containment structure by flywheel fragments is prevented by minimizing the initial rotor clearance to 10mm, in combination with an aluminium liner thickness of 20 mm and a bare overwrap thickness of 40 mm. The aluminium liner has an integrated steel tube for cooling purposes.

The containment structure is supported and enclosed by a steel cage, which provides additional strength in the axial direction. This cage limits also the tangential reactions to the surroundings in case the rotor is locked. The cage is coupled to the surroundings via a cardanic suspension. In this way torque transmission is possible while bearing forces due to gyroscopic effects can be minimised.



�5	Results and Conclusions

5.1	Test Results on Prototype One

Most of the measurements have been performed with voltage and current sensors (LEM). The bandwidth of these sensors is approximately 100kHz, which is more than adequate for the underlying task. The measurements have been performed using high-bandwidth voltage and current probes (Tektronix P5205 and A6304XL respectively).

All signals have been stored using a LeCroy 9304 4-channel digital oscilloscope.

Note that for the load current the generator convention is used, i.e. positive current flows out of the resistor. The indicated power signal is computed from the measured load voltage and current. Because of the generator convention this power will always be negative in the figures shown here.

Most test in the current program have been performed through control of the current through the resistor by means of the existing two-quadrant DC chopper. The chopper control software has been adapted for this purpose.

Power Modulation

In this series of tests the flywheel has been charged and discharged with a modulated power level. The modulation of the power is done by changing the control software and defining a modulation function. A choice has been made for near step-wise modulation and for slow ramp-like variation.

In all cases the computed load current setpoint has been smoothed by a rather limiter function to a rate of 2000A/s. This limit is the main reason for the delay between the setpoint and the measured current.

Between 10/25 kW and 50 kW

For this test the discharge power in the resistor is varied step-wise between 10 kW and 50 kW and between 25 and 50 kW. The interval time of the steps is 10 seconds.
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�Between 0 kW and 75 kW

For this test the discharge power in the resistor is varied step-wise between 0 kW and 75 kW (figures 7, 8, 9). The interval time of the steps is 10 seconds. Figure 7 shows the step-wise variation on a large time scale (10s/div), the other figures show the leading and trailing edges of the steps.
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�Slow ramping between -40 kW and +40 kW

For this test the power at the terminals of the EMAFER motor/generator is slowly varied between -40 kW and +40 kW. The generator of the hybrid bus can not be modulated in power, therefor it is set to a constant power of ca. 40 kW and the power to the load resistor is modulated between 0 and 80 kW. This creates the desired conditions at the EMAFER motor/generator terminals.

The discharge power of 0 to 80 kW in the resistor (Res) is set by the chopper current. This modulation is defined as a ramp function for the load power with an interval time of 60 seconds. The setup leads to parabolic curves for the load current and voltage, as shown in figure 10.
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In order to check the variation of the load power, it is computed and filtered. The result is shown in figure 11.

Electrical parameters

The EMAFER flywheel is charged with a certain power and the voltage and current of 1 phase are measured. For both waveforms the harmonic content (up to 10 kHz) is calculated.



�

At 10 kW load

The harmonics in the measured phase current and voltage have been computed and are shown in figures 13 and in table 1.
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At 50 kW load





�

The harmonics in the measured phase current and voltage have been computed and are shown in figures 16 and 17 and in table 1.
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Photo’s enclosed
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Photo 1: EMAFER flywheel motor/generator unit.





�



Photo 2: Prototype EMAFER flywheel motor/generator unit.

�



	Photo 3: Top view of EMAFER flywheel motor/generator unit.





�

	Photo 4: Measurement setup.





Four quadrant drive

ABB has developed a high performance four-quadrant AC-drive for wide power range as well as for wide application range. The idea of using line converter is to be able to operative in all four quadrant of speed-torque plane. ABB’s part in this project is to create a line generating unit that can be used together with flywheel application.



In this report we are concentrating in lower power unit around 50 kVA. The development work and tests that are described in this report has been done with this size and type of units. However, the control method is valid in smaller and bigger units as well. ABB’s present product range offers already the hardware up to 4 MVA.

The development has concentrated in basic line converter software, the application software, EMC regulations, filter design and also designing of production and testing facilities.



�



Picture 1.	The multi purpose line converter of 11 to 55 kW.













Regenerative frequency converter

ABB’s contribution to the project is to create a line regenerative unit that can react fast in changes of load and line voltage and can change operating mode rapidly from motor mode to generator mode. ABB developed a general purpose regenerative frequency converter that is based on Direct Torque Control (DTC) technology. DTC is normally used to control AC induction motor. Instead of calculating motor flux DTC now calculates line voltage flux.

�EMBED Word.Picture.8���



Figure 2: The main circuit diagrams of a line converter drive (with L-filter).





The line converter controls the power transfer between the intermediate circuit and the line supply side. The AC line choke is used to limit the current rise time and it is an integrated part of the line converter. The power factor is near unity so no reactive power compensation is needed.

This way there is no need for line voltage measurement and line side control is as fast as motor side control. The other considerable benefit is that there is no need for extra control hardware. Same control boards are used on line and motor side. 

Both motor side inverter and line side converter are integrated in one construction.

Same frame size covers the power range from 30 to 70 kVA at 500 V supply voltage. The input voltage can be between 380 and 500 V ( 10 % and the frequency 48-52 Hz or 58-62 Hz. This construction is IP22 with air cooling. Maximum ambient temperature 40(C, with derating up to 50(C.

The whole unit is very compact design: dimensions only 360mm*430mm*800mm and weight no more than 76 kg. This means a complete four-quadrant drive less than 1,4 kg/kW and volume less than 2,3 liters/kW.



�Line converter software

�

Figure 3: The basic idea of controlling of a line converter.



During the report period Mr. Kari Turunen has been involved to develop further the line converter software. His main task has been to design control principles with different kinds of filters: L-filter, LCL-filter and active filters.

Also the controlling of reactive current and line interruption control have been under development. All these functions are very important for flywheel applications.

The other important field that basic software has been developed is the diagnostics. The user has to be able to monitor line converter operation in order to analyze faults and do some basic parameterization. ABB has developed software tools that are normally used to analyze frequency converter family ACS600, but since line converter is closely base on ACS600 software and hardware; these tools can be used to analyze line converter as well. The critical thing has been to build the different fault functions in basic software. Also using ACS600 control panel enables some field analysis and creation of fault functions. Independent diagnostics can be seen as essential requirement of the project, because in that application line converter would be used independently and present four-quadrant drive prototype is based on diagnostics through motor side application software.

The synchronization and operation of the line converter works fully automatically. There are no parameters to tune to get the system in operation. The only required parameters are on the motor side inverter: motor nameplate values, etc.

To enable line converter independent operation and independent analysis there has to be line converter specific application software. The application software was originally programmed with a special function block programming tool GAD. Afterwards the program has been changed a lot to fulfill the requirements of a serial product. Also the programming tool is different, now we are using a common tool in the whole ABB Automation segment called AdvaBuild for Windows.

The application software forms a link between basic line converter software and customer interface such as analyzing software tools, control panel, input/output board and different fieldbusses. All these functions bring the line converter quite close to the target of the project: independent line converter.

EMC Directives

Because of present EMC directives also line converter has to fulfill the EMC requirements. Most of EMC design of line converter would be similar as normal AC-drive with line commutated bridge, but having an active IGBT line bridge with relatively high switching frequency and du/dt makes filtering of conducted emission rather difficult.

Earlier it was found out that commercial filters were not the optimum solution for line converter. That’s why a special filter design was needed. There were three main possibilities: L filter, LCL filter or an active filter. With L filter most of the requirements would be fulfilled. In weak networks that would be the best solution.

LCL filter is needed when the line converter is in public networks (Figure 4). The problem is that if this is connected to weak networks the capacitors might burn because of too high overharmonic contents.



�EMBED Word.Picture.8���

Figure 4: Principle of LCL-filter.

�

Figure 5.: Equivalent circuit of LCL-filter



EMC is very important for GYROWATT project, because flywheel energy storage can be used also in non-industrial network, which gives tighter demands for EMC filtering than normal industrial use.

Line converter feeds a wide spectrum of high frequency harmonic currents to supply network. Total harmonic distortion (THD) on line side is rather small, but the problem is high content of high frequency harmonics. High frequency harmonics can create a resonance with input chokes of the line converter and with possible capacitors in supply line. It is possible in such cases that harmonic current can damage the capacitors. The danger is generally rather small, but it certainly exists.

The other problem is EMC filtering, which inevitably demands installing capacitors in input of the line converter. In this situation there can be above mentioned earth leakage current problem. To avoid these problems LCL filter can be installed in input of the line converter. This is otherwise known technology, but resonance of high frequency harmonics and LCL filter must be avoided. This is difficult, because of wide spectrum of harmonics. LCL filter design has required some changes in basic line converter software so that line converter control can calculate the capacitive current of LCL filter and thus avoid resonance. The development has required measurements and prototype building. Because LCL filter design is essential both for EMC filter design and proper operation of line converter in supply net, this development has also been beneficial for GYROWATT project.

Also an active filter was investigated (Figure 6). The main idea is to filter the over harmonic current (iy) by measuring the current fast enough and make a correct switching so that the mains current looks as sinusoidal as possible. With passive filter parallel to the active filter (Figure 7) we can reduce the size and cost of the active parts.



�EMBED Unknown���

Figure 6: Basic idea of an active filter



�EMBED Unknown���



Figure 7: A  passive filter parallel to the active filter





At the first phase the new products will be delivered with L-filter. This decision was made because there are still some open questions with stability of LCL-filter.

With L-filter we can meet the IEC1000-3-4 and IEC1000-2-4 standards and the THD requirements of IEEE 519.



The drive has in-build EMC filter with common mode chokes and filter capacitors. It comply with the EMC directive in industrial low-voltage network, and IT networks (unearthed mains) with some provisions (cables, supply transformers, etc).



In addition the line converter comply with the European Union Machinery Directive (89/392/EEC) requirements for an equipment intended to be incorporated into machinery.



�5.2	Conclusions

The driving force behind the project is ELECTRABEL, the Belgian electricity production and distribution company.

During the execution of the project and especially after the obtained test results of the prototype One, it became clear by the partners that further completion of the contractual work programme had no techno economic justification.

The project therefore conclude with only 70% usage of the foreseen budget. The main conclusion and remarks, as described by ELECTRABEL and supported by the other partners are given below.



A storage simulation tool has been developed that enables quarter-hourly daily curves to be processed while taking into account the problems of a number of customers (synchronous curve). This tool also makes it possible to monitor loading/unloading strategies. The display of results in graphic form is also an undeniable asset.

The optimization of storage in terms of quarter-hourly capacity and energy for domestic customers yields the following configuration : 4 kW/5 kWh

The quarter-hourly curves of a sample of 70 domestic low-voltage customers were used as a database, as well as the optional three-rate time-of-day tariff. This configuration will need to be altered according to the technical aspects, but its approximate size has already been determined.

To identify customers for which storage offers the most possibilities (micro and macro approach), two selection criteria were studied. The probabilistic criterion yielded the best result. Moreover, this probabilistic approach has demonstrated that high daily consumption does not necessarily generate high storage efficiency.

The tariff signals emitted by the three-rate time-of-day tariff have proved to be an incentive for the development of products such as electricity storage with a view to demand-side management in a regulated market. This experimental tariff applied and the load management and storage concept have shown that it is possible to reduce strongly the customer available gridpower as well as the power demand at critical hours during winter. This equipment and its use have been tested within a DSM scope. Independently from the thermal insulation level, electrical loads like storage devices (heaters, hot water…) remain essential elements in load management and still present future possibilities.

�The choice of a three-rate time-of-day tariff and use of automatic load management by domestic customers do not prevent the later introduction of storage. One real-life example was processed over one month; it was demonstrated that a substantial saving could be made by the end consumer. A storage piloting system was developed. This could be implanted in a decentralized device at the customer's site without requiring two-way communication with the local energy distributor. However, its integration in a future integrated home system is recommended. This three-rate time-of-day tariff has shown its possibilities and its constraints ahead the deregulation. An orientation to a dynamic tariff will become essential in the future. This evolution will reinforce the use of storage devices.

The description of the methodology used for the reception tests (for electronics and electricity) for the first prototype has been evaluated. During a first stage, the distributor requirements were noted, taking European standardization into account.  This method has been adapted according to the characteristics of the first prototype (power and converter). The test results do not indicate any problems with regard to very short duration of use (a few dozen seconds to 1-2 minutes) and for operation outside the local distributor network. However, the energy-to-power ratio of the prototype does not suit the intended application (due in part to the materials used to manufacture the prototype). The same goes for certain of its electrical characteristics (cf. distribution of high harmonics). These points fully justify the work done in Finland by the company ABB. This work is a useful complement to the test report. Reducing the power (because of the electricity characteristics of residential customers) leads to a significant reduction in losses (especially no-load losses) while maintaining a certain level of energy (e.g. 5 kWh). We should remember that the inclusion of a flywheel (mechanical part) has a direct bearing on stored energy and that the reduction of losses is difficult problem (./. life cycle) especially when a flywheel is used extensively. The materials used in the first prototype are not suitable for this type of use and the technology would have to be changed. Moreover, the costs targeted by Electrabel at the start of the study do not therefore seem achievable for this type of solution for which chemical accumulators (or fuel cells ?) would be better suited and less expensive.

From the beginning of the project (first evaluations, introduction of the project, studies…) and today, three years are past. The evolution of the european electricity sector and the new products in the information technologies are extremely rapid. Today, the liberalization of the telecoms and energy markets and the demand-side Management together represent a tremendous opportunity to take a new way in energy management and to incorporate it once and for all into (intelligent) houses and buildings. The technological competition and different objectives of the sector of electricity will drive to deep changes. 

�Management of demand necessitates storage appliances but whose of unfolding is rapid and large scale. The clients and risk volatility asssociated to investments will change choices for new technologies. If storage devices remain news, their costs of investment and their management will become increasingly critical in a deregulated universe. The investment of the distributor in deregulated system is going to change. Its participation in investments of the client is going also to change. Management of storage devices (e.g. dissemination) will become a major problem in addition to the relative investment to this storage. Analysis and simulations that have been driven will serve to more effective technologies or less expensive. 

For a good energy management it is also a must that the utility can communicate in the downstream way with the customer. In a more advanced framework, storage devices, fuel cells, home automation systems cannot stay isolated from a communication point of vieuw. The evolution of information technologies offers a lot of possibilities and the utilities will discover new professional activities in this field.

�EXPLOITATION PLAN AND ANTICIPATED BENEFITS

Due to the lack of techno-economic justified results as obtained from the Prototype One flywheel, it was decided not to continue in order to reach the full objectives.

Therefore no exploitation plan has been produced.
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