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 PREFACE
 
 The Demonstration Programme of the Commission of the European Communities in the energy field started in 1978. The first five-year programme, running from 1978 to 1982, was followed by a three-year programme from 1983 to 1985. In 1986 a new four-year programme started. The legal basis for this new programme is the Council Regulation (EEC) No 3640/85 of 20 December 1985 on the promotion, by financial support, of demonstration projects and industrial pilot projects in the energy field, published in the Official Journal of the European Communities, No L350 of 27 December 1985. This demonstration programme covers energy saving; renewable energies such as geothermal, wind and solar energy, biomass, and hydro-electric power; substitution of hydrocarbons; and also liquefaction and gasification of solid fuels. The solar sector comprises the thermal use of solar energy and photovoltaics. Between 1983 and 1987 a total of 448 proposals have been received in this sector, 153 of which (ie 34%) were in the photovoltaic field. In this period 174 solar projects have been selected, 73 (42%) of which were in photovoltaics with an installed capacity totalling 1176kWp. The total financial community aid to these solar projects, in general 40% of the eligible cost, amounts to 33.7MECU. 15.3 MECU of this (45.3%) are for PV-demonstration projects. This book, the proceedings of the third PV Contractors’ Meeting organised by the Commission of the European Communities, Directorate-General for Energy, held at the Joint Research Centre, Ispra, Italy, 17– 20 May 1988, provides an overview of the photovoltaic demonstration projects which have been supported by the Energy Directorate of the Commission of the European Communities since 1983. It includes reports by each of the contractors who submitted proposals in 1983, 1984 and 1985, describing progress with their projects. Summaries of the discussions held at the meeting, which included contractors whose projects were submitted in 1986, are also presented. Contractors meetings provide a valuable opportunity for those involved in the realisation of photovoltaic demonstration projects to share their experiences, and to discuss the practical difficulties encountered in the field. The different technologies which are being demonstrated concern the modules, the cabling of the array, structure design, storage strategy and power conditioning. The various applications include powering of houses, villages, recreation centres, water desalination, communications, dairy farms, water pumping, and warning systems.
 
 vi
 
 The information contained in this book is therefore very much up to date and of high value to all those interested in the future of solar electricity. Dr H Eliasmöller Head of Division Alternative Energy Sources, Electricity and Heat
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 Part I— Overviews and summaries
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 Participants inspect the PV powered electric car at the JRC
 
 Dr Blässer describes the PV test feild at the Joint Research Centre
 
 SESSION I : GENERAL
 
 1.1
 
 Welcome
 
 1.2
 
 Overview of Session I SESSION I: GENERAL
 
 1.1 WELCOME Mr G R Bishop, the Director of the Joint Research Centre, Ispra Establishment, welcomed to the centre the participants in the third annual contractors’ meeting of the CEC photovoltaic demonstration programme. The JRC had had a close association with the programme for several years and was pleased to have this opportunity to host a meeting for other participants. Mr Bishop remarked that many of the participants had arrived direct from the Eighth E.G.Photovoltaic Solar Energy Conference in Florence the week before. He understood that the message from that meeting was that the technology continued to progress and there were good prospects for a successful industry in Europe. Photovoltaics can be an important contributor to the renewable energies share of the European Communities’ energy needs in future years. The Joint Research Centre has been through a period of review and is now being reorganised internally. There will be some redistribution of resources and the JRC will be required to take a more commercial attitude in its relationships with its client organisations and sponsers. The JRC will continue to support the development of solar energy technologies through the programmes of the Commission. Mr K-H Krebs, heading the Physics Division of the JRC, added his welcome to that of Mr Bishop. He also felt that the Florence conference had been very positive. He was pleased to see that some national governments continued to provide support to the development of the photovoltaic technology. He felt that further promotion of the technology is required to follow up on the technical progress. Quantitative and visible results are needed from the demonstration programme and JRC was ready to help with this aspect in particular. Mr W Kaut welcomed the participants on behalf of the Directorate-General for Energy and thanked the JRC at Ispra for the preparations which they had undertaken. He was pleased that the participants would have the opportunity to see the facilities available at Ispra and to meet the people there who were involved in the monitoring programme.
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 1.2 OVERVIEW OF SESSION I 1.2.1 Overview of the European Communities’ Photovoltaic Demonstration Programme Mr Kaut continued with the first paper of the meeting in which he presented a review of the background to the programme and the achievements to date. As a response to the problems recognised after the oil crisis of the early 70’s the European Commission has developed a range of demonstration programmes for new technologies in the areas of energy saving and alternative energies. The two sub-programmes in solar energy are concerned with photovoltaic (PV) and thermal technologies. Forty five percent of the solar budget has been allocated to photovoltaics. A full list of all accepted photovoltaic projects from 1983 through to 1987 is included in the paper. The majority of PV demonstration projects are stand-alone systems in isolated, rural areas. Twenty four of 60 such projects are concerned with power for rural houses, mountain refuges and agricultural applications. Over 300 individual buildings are being provided with a stand-alone system while yet more are being supplied with power from small centralised PV systems which serve a small community. The projects are demonstrating a wide range of technologies, applications and design philosophies. Other remote applications include the conversion to photovoltaic s of lighthouses; water pumping and treatment systems; telecommunication relays and broadcast transmitters; and various warning and monitoring systems. Although grid-connected applications of photovoltaic s are not economic, several projects have been developed in order to gain experience of the technical problems. These projects include grid connected houses in Ireland and Germany and a combined wind/photovoltaics plant for a group of houses in the UK. In 1987, 36 proposals were received and 16 have been selected to add to the programme. A demonstration is only successful if the project is carefully monitored to produce good performance data. Close collaboration has been developed with the specialists of the JRC at Ispra through the activities of the European Working Group on Photovoltaic Plant Monitoring. Guidelines for PV System Monitoring have been published and contractors working within the demonstration programme are required to conduct a two year monitoring programme in accordance with the guidelines. The JRC carries out evaluation and analysis of the results for all of the contractors. 1.2.2 Monitoring Techniques and Results Format Mr Blässer summarised the work undertaken by the Joint Research Centre at Ispra with support from the European PV Plant Monitoring Group to develop standard procedures and recommendations for monitoring demonstrations, analysis of data and presentation of results. Guidelines for monitoring procedures have been published. Two basic procedures are described, one for detailed continuous analytical modelling using a data logger and a simpler procedure for global monitoring with basic instrumentation. Contractors within the EC funded demonstration programme are required to submit data to JRC for analysis. JRC has established a computer system to accept, store and process all data. For each project the centre is able to provide a confidential monthly report to the contractor and a six-monthly analysis which forms part of the final evaluation of the project. The presentation of the results is standardised and largely graphical for ease of use and comparison between projects.
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 1.2.3 Reporting Guidelines Mr W B Gillett of Sir William Halcrow and Partners Ltd, expert adviser to the DGXVII Demonstration Programme, introduced the reporting guidelines which have been prepared by the commission. There are two documents, a Format for Interim Technical Reports to be prepared every 6 months and Guidelines for the Preparation of the Final Technical Report. (The Guidelines are available from the Commission of the European Communities DGXVII in Brussels). Now that there are more than 60 demonstration projects it is important to standardise on format as well as to clearly specify the requirements for each report. Adherance to the guidelines will save the contractors from doing unnecessary work and make it easier to extract relevant information which is used for: -
 
 management and control by DGXVII input to the SESAME database future planning by the Commission dissemination of information and promotion by the CEC
 
 The monitoring analysis and results prepared by JRC are presented with the other data in order to provide a full picture. The guidelines are recommended to all contractors who are contractually obliged to provide reports and will become mandatory for new contracts. 1.2.4 The European Working Group on PV Plant Monitoring The European Working Group on Photovoltaic Plant Monitoring was established in 1985 by JRC-Ispra to provide technical support for the monitoring programme on PV plants. It consists of representatives of European organisations, the Commission and manufacturers. The activities of the Group were outlined by Mr M R Starr who acts as the rapporteur for the Group. The major objectives of the Group are to exchange data and experience and to disseminate information on monitoring methods and results. The Group developed a work plan in three phases: Phase I (1985–88) development of guidelines Phase II (1988–89) implementation of guidelines and review of results Phase III (1989-on) continued implementation and review and consideration of overall assessment of demonstration plants.
 
 The work of the Group is reported in a six-monthly newsletter and in reports of the working sessions. The Group has decided to produce three Guideline Documents which are: Document A Document B Document C
 
 — — —
 
 PV System Monitoring, issue 3 published in November 1987 Analysis and Presentation of Monitoring Data, expected to be published in 1988 Initial and Periodic Tests on PV Plants, expected to be published in 1988.
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 A methodology is being developed for the overall assessment of PV plant including technical, economic, environmental and social/institutional aspects. An adaptable scoring method is being developed which will allow the non-numerical aspects to be included. The methodology will enable PV systems to be assessed in relation to other energy supply technologies.
 
 SESSION II: HOUSE ELECTRIFICATION
 
 2.1
 
 Remote Housing
 
 2.2
 
 Grid-connected Houses
 
 2.3
 
 Farms and Hostels
 
 2.4
 
 Nature Reserves and Recreation
 
 2.5
 
 Island Community Houses SESSION II: HOUSE ELECTRIFICATION
 
 Twenty projects are included in the category of house electrification making it by far the largest category. For this reason the session was subdivided into five sub-categories each of which is discussed separately below. 2.1 REMOTE HOUSING 2.1.1 Overview of Session II.1 Remote Houses The four projects in this sub-category all comprise multiple installations of small PV systems in buildings remote from electricity distribution grids. Two projects are concerned with power for mountain refuges. One project is concerned with assessing three sizes of PV generators in 40 different remote houses and the last project is about a standard PV power supply unit intended for self-assembly. SE 466/83 Rural Electrification of 40 Houses in France Mr Coroller of the Agence Francaise pour la Maitrise de L’Energie reported that this project has made good progress. PV systems were commissioned on 14 houses in 1985, 17 in 1986 and 9 in 1987. The PV generators are either of 400 Wp or 800 Wp with DC output or 800 Wp or 1200 Wp with AC output. The systems were supplied and installed by a variety of contractors. A thorough performance monitoring programme has been undertaken and sociological, economic and technical aspects have been studied.
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 There have been no failures of the photovoltaic components although some minor faults in other components have been found. One type of inverter failed several times and some battery discharge problems have arisen due to the design of the regulators. SE 696/84 Photovoltaic Power for 12 Lodges and Refuges in the French Alps Mr Marquet of Bureau d’Etude APREN presented this project to electrify a chain of mountain refuges on the Grande Traversée des Alpes footpath. Eventually 13 huts and lodgings were equipped with 12V DC systems and performance has been measured for 2 years. Some of the PV modules are orientated towards the east to take advantage of the micro-climatic conditions. No technical difficulties or faults were reported. Energy meters are fitted to all systems to provide the lodge keeper with information on the energy available. However, the system chosen, with seperate meters on sub-arrays of different sizes, caused confusion. Two of the systems were fully monitored with data logging equipment. This indicated that the electromechanical meters were not measuring low power demands, causing an under-reading of the total by about 15%. Nevertheless total energy demand was still less than predicted in many sites. This is attributed to caution on the part of the lodge keepers and the fact that not all sites are fully equipped with the planned electric appliances. Those modules which had been located facing east because of afternoon cloud were found to have the same daily energy production as those facing south. SE 501/85 Photovoltaic and Solar Thermal Systems for 23 French Mountain Refuges Photovoltaic installations are planned for 22 refuges in the Alps and Pyrenees. A wind generator is used on one site while solar thermal heating is used at some locations for snow melting, heating the warden’s quarters and heating a septic tank. Mr P Waldner of the Club Alpin Francais described progress. Seventeen of the PV installations are completed and the remaining 5 are scheduled for 1988 together with the remaining solar thermal systems. General technical specifications and outline designs for each site were prepared by one consulting engineer. The section of the Club which is responsible for each refuge then decided on their exact requirements according to the site conditions and usage of the refuge. Power is provided at 12 or 24 V DC for lighting, radio transceivers and small appliances. One site has a 300W/220V inverter for appliances. The monitoring equipment consists of ampere-hour meters for demand and an integrating solarimeter which in some cases is shared by nearby refuges. Meter readings are recorded by the wardens. The multicrystalline silicon modules have performed well. One site was fitted with amorphous silicon (ASi) modules which had to be replaced with double glazed ASi modules after three of the modules burst. Several ampere-hour meters malfunctioned in the first year, apparently due to interference from the high frequency converters in the fluorescent lamps, consequently the first year’s data is very poor. Monitoring will continue through 1988.and 1989. Modules were stolen from one of the most remote sites. Otherwise the introduction of photovoltaic systems is proving satisfactory. SE 138/85 Photovoltaic Power Package for Remote Dwellings on Stromboli Island Mr Previ described the packaged photovoltaic plant which is being developed by the Italian state electricity company ENEL for remote dwellings. The basic unit is a self assembly kit of 350Wp of modules with
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 storage batteries, control cabinet and distribution system and a solar thermal water heater. The array can be expanded to 700Wp. The module rack can be tilted by the user to 30° or 60° according to the season. 26V DC is supplied from semi-stationary type lead acid cells. The basic 350Wp system is designed to provide 1 kWh per day with storage sufficient for 4 to 5 days of low radiation. The first units to be produced will be fitted with either two step electro-mechanical regulation based on battery voltage or electronic chopper regulators with continuous control of charge in order to compare the two options. The user equipment consists of high efficiency lighting and outlets for TV and small appliances. There is provision for a circulation pump for the solar water heater and a special refrigerator in which the compressor only operates during daylight hours. Thirty of these systems will be installed on Stromboli Island by November 1988. 2.1.2 Presentation of Results and Discussion on Remote Housing Mr G Blässer of the Joint Research Centre, Ispra described the analysis and results of the data which he had received from the projects. In the case of the project to electrify 40 houses in France, AFME had already done a thorough job of data analysis and reporting. The JRC was therefore concentrating on developing the standard figures of merit from the analytical monitoring procedure in order to provide comparisons with other projects. One year of data from a sample of the houses was being used. The results were typical for a remote application with a low annual performance due to the system being optimised for the month of lowest solar irradiation. The exception was one site where a back-up generator was available. Mr Coroller, speaking of the same project, said that there was a low utilisation in the summer which could be improved if refrigerators were installed. The results confirmed their design guide figure of 10– 15Wp of PV installed for every 1W load over 24 hours. Mr Blässer reported that JRC did not have analytical monitoring data from the other projects and the global monitoring data from the refuge sites was poor due to problems with the meters. The first major point of discussion was the choice of DC or AC power. Mr Coroller felt that there is a need for AC power for tools and equipment although DC is adequate for lighting. Mr Lorenzo said that many Spanish houses have only 2 modules installed and gas is often used for refrigerators. There is a need for more systematic study of consumption. Householders want to use heavy domestic appliances such as washing machines therefore needing AC power. Mr Waldner agreed that AC power is useful in some circumstances. Mr Waldner and Mr Aubert were both aware of systems being damaged by lightning. Mr McCarthy suggested that lightning damage and prevention could be the subject of investigation under the R & D Programme of DGXII. Mr Blässer suggested that it could also be considered by the Working Group 3 of the IEC standards activities.
 
 10
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 2.2 GRID-CONNECTED HOUSES 2.2.1 Overview of Session II.2 Grid-connected Houses Two of the projects in this sub-category are concerned with a single house, one with a PV generator integrated into the house structure and one with the PV generator in a low cost structure adjacent to the house. In a third project three houses in Germany are fitted with integrated PV generators and battery storage as well as a grid connection. The fourth project is a demonstration of combined solar and wind energy for a group of houses in a low energy consumption development. SE 520/84 Rosemount Domestic Photovoltaic System Mr McCarthy of the National Microelectronics Research Centre presented the project to investigate gridconnected PV systems in North European Latitudes. An existing house at Rosemount, Co. Cork, Ireland has been fitted with a 5.5 kWp PV generator and a line commutated inverter connected directly to the grid and the loads. The system supplies normal domestic loads including large appliances. Full analytical data monitoring is installed. The photovoltaic components have worked well since installation in December 1986. Minor difficulties have been bent fixings due to high winds and water penetration of junction boxes. The inverter was not commissioned until summer sunshine levels were available and then only after minor difficulties had been overcome. The data available indicates satisfactory performance. Feedback of results to the occupiers has resulted in a shift of heavy loads to daylight hours. SE 507/84 Solar Wind Cogeneration for Urban Residential Use In this project, which was reported by Mr A Dichler of Solapak Ltd, nine new houses in an energy-conscious development at Milton Keynes, UK are powered by 4.6kWp of PV plus a 22kW wind turbine generator. The project is designed to test environmental impact and public reaction as well as to demonstrate technical aspects. The main technical objectives of the study are to show how solar and wind energy provide complimentary capacity without interseasonal storage and to make the source of power transparent to the user. All the houses were occupied by June 1987 and monitoring is in progress. Under normal conditions the PV array charges a battery. Wind energy is taken to the battery, direct to the inverter which feeds the houses, into a domestic heating load, or to a dump load. The housing load is transferred to the grid when the battery energy is insufficient or the inverter is overloaded. On grid failure, battery backup is available. Minor problems with the equipment have been overcome and it now operates well. More extensive difficulties in data collection were traced to faults in the datalogger. Good data has been collected since January 1988. Concerning the environmental aspects, the appearance of the systems is apparently satisfactory. Noise generated by the wind turbine is receiving further investigation.
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 SE 280/85 Small Grid-Integrated Photovoltaic System Using a Novel Inverter Mr T Weirich of Stadtwerke Saarbruecken AG introduced this scheme for a PV system integrated into a single house at Saarbruecken. The project is to demonstrate a grid-linked house in which a large PV array provides two thirds of its output to the grid. Two hundred modules totalling 7.88 kWp have been integrated into the roof structure of the house to form the weatherproof roof surface. Standard roofing and glazing components have been used. All PV energy is fed to a pair of 4kW inverters, developed by the Fraunhofer Institute, which are directly connected to the grid. Low energy appliances are used in the house and hot water for the washing machines is supplied from the central heating system. After six months of operation all components still perform perfectly. SE412/85 Photovoltaic House Supply for Decentralised Relief of Mains Supply Three industrially fabricated houses located in three different areas of Germany have been fitted with integrated PV arrays. Mr K Maass of AEG Aktiengeselleschaft said that the normal strategy is to provide PV power when the demand exceeds a fixed level but on grid failure battery back-up power becomes available. In each house 42 modules are connected to a 220V current inverter and to stationary batteries. Full analytical monitoring is provided for and two of the houses are occupied normally while the third is a model house where the load is provided by an adjacent occupied house. The last house installation was completed in April 1988 and monitoring has commenced. 2.2.2 Presentation of Results and Discussion on Grid-Connected Houses Mr Blässer reported that so far the JRC had only analysed data from the single house at Rosemount and from the solar wind cogeneration scheme at Milton Keynes. The first data from the three houses in Germany was now arriving at JRC. The data from Milton Keynes was all for a winter period when the PV output is very small. The use of the PV array there to keep the battery fully charged also resulted in less effective use of the energy. At Rosemount the PV array had been used to its maximum but it did not meet the full power demand. The first topic of discussion was the reliability of inverters. There have been problems and failures of them but it was generally felt that, as more experience is gained, good design will overcome the difficulties. Mr Coroller questioned the value of having both a PV generator and battery in a grid linked system. Mr Maass replied that in the three German houses the system could be operated in a fuel-saving mode or as a complete system backup in case of power failure and the intention was to investigate all possible benefits. Mr Dichler said that the solar wind cogeneration scheme was also designed to investigate total system integration and economic aspects. Battery support may be particularly relevant where the grid system is unreliable.
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 2.3 FARMS AND HOSTELS 2.3.1 Overview of Session II.3 Farms and Hostels Three of the five projects in this sub-category originally were intended to use photovoltaics with different secondary power sources. The projects have suffered from misfortune and enforced changes with the result that all of them now have a motor generator system as well as photovoltaics. The other two projects are concerned with dairy farms and particularly with the refrigeration of milk. SE 134/83 Photovoltaic System Linked to small Power and Heat Cogenerator After planning difficulties were encountered with the original scheme, a new site was selected near to Freiburg. A farmhouse converted to a hostel, the “Rappenecker Hof”, has had a 3.8kWp PV generator integrated into an extended roof structure. Mr Bopp of the Fraunhofer Institute reported that good data is being obtained. The PV generator forms the weatherproof roofing. The modules are fitted to aluminium greenhouse frames on top of the wooden roof structure and ventilation at the back of the modules is provided by natural convection. The power is fed to an inverter developed by the Institute. The 3kW unit is extremely efficient, provides high quality AC power and incorporates safety features. A diesel-powered generator set is operated manually to meet peak loads or energy shortages. Safety considerations led to all plug-in connectors on the arrays being replaced with squeeze connectors. Also some modules were replaced after ground leakage tests made with the modules immersed in warm water showed unacceptable results. The solar energy provided 100% of power in summer 1987 but additional kitchen equipment has now been installed necessitating more use of the motor generator. Manual control of the generator is an effective strategy for minimising fuel usage. SE 084/84 Stand-alone Residential PV System with Motor Generator Backup Mr E Roessler of the Fraunhofer Institute described the progress of this project. The original scheme was to provide a PV array and a butane-powered motor generator for three remote houses. One site had to be abandoned and a second house was burnt down leaving only the Oberlin House in operation until the Oeko House can be rebuilt. Permission to integrate the 1.48kWp of modules into the roof structure was refused and so the array has been mounted on a separate structure 40m away. The long power leads resulted in voltage peaks which damaged the control system until preventative measures were taken. The motor generator set is started only if the battery is deeply discharged or if 3-phase current is required for the workshop. The PV system is sized to meet the average daily summertime demand. Lighting and as many appliances as possible operate at 24V DC to minimise inverter power losses. Full analytical monitoring is installed. Throughout 1987 100% availability of the DC power system was achieved and 85% availability of AC power was also achieved.
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 SE 573/84 Integrated Energy System for a Farm in the Ligurian Appenines Mr C Maccio of CESEN explained that this project was conceived as a cogeneration system of photovoltaics and micro-hydro to provide power for a group of 3 remote houses. Permission to install the micro-hydro plant was not obtained so the existing diesel generator set was retained. The 2.1 kWp PV system has been operating without problem since 1985. A lead-acid battery, charge controller and inverter are installed. It was found necessary to tropicalise the inverter components to prevent mis-functioning. Analytical monitoring is provided but data losses were experienced on low battery voltage until a separate power reserve was provided for the datalogger. The diesel generator is operated manually when necessary. SE 146/85 4kW PV Generator for Mountain Farms This project to provide photovoltaic power to a dairy farm in the high mountains of Abruzzo was described by Mr F Fonzi of Italenergie. In order to improve the viability of mountain dairy farms power is needed to milk the cows, refrigerate the milk and pump water. These three facilities have been provided for in the design to be used at Abruzzo. Three milking machines, each capable of milking two cows, will be powered from a 700 Wp array and 400 Ah battery. The refrigerator is required to chill 5001 of milk in 5 hours and store it for about seven hours. This is to be achieved by immersing containers of milk in a water/glycol solution held at −50°C. It is then possible to use 1 kW DC motor to drive the compressor using a 1.8 kWp array and an 800 Ah battery. Water for a cattle trough is to be provided by a high efficiency positive displacement pump lifting 0.5 m3/h through a head of 200m. The photovoltaic array will be 1.5kWp and a 100 Ah battery will provide backup for one day. SE 540/85 Mechanisation of Dairy Farming in Alpine Pastures Mr A Repetto of Ansaldo described this project which is also designed to improve the viability of dairy farming on high mountain pastures. Seven sites were selected, each supporting between 20 and 100 head of cattle. Some sites produce milk, others process cheese and butter. At each site a photovoltaic system provides power for milking machines, refrigeration and a small lighting and power system for the accommodation. The complete PV system includes batteries and a charge controller. The milking machines are powered by DC motors while an inverter provides AC power for the standard refrigerator compressor. The cream separators and churning machines are DC powered. Data is collected at each site and transmitted through a radio link to the community centre. The radio link also provides voice communication. Installation is in progress through the summer of 1988. 2.3.2 Presentation of Results and Discussion of Farms and Hostels Mr Blässer reported that he had only received data from the Oberlin House and a small quantity from the Ligurian farmhouses. The results so far are satisfactory. He had formed the early impression that where a back-up generator is available the users are not so careful of energy use and so the utilisation of the PV energy is similar to that of grid connected systems.
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 Following discussion on the difficulties of measuring battery performance Mr Starr confirmed that for future monitoring schemes it was proposed to record the simple ratio of energy output to energy input. Sources of supply for DC appliances are important for the development of DC PV systems. Mr Gillett said his research showed that many small companies in Europe are building or adapting appliances and they should be supported by the PV system industry. A national catalogue of DC appliances has been produced in France. Mr Lorenzo said that marketing of systems is difficult in remote areas. Mr Fonzi felt that as the market developed from isolated PV houses to villages of PV houses it would be necessary to establish companies to supply and distribute the PV equipment and appliances. 2.4 NATURE RESERVES AND RECREATION 2.4.1 Overview of Session II.4 Nature Reserves and Recreation The first project of this sub-category is concerned with power for a small station to study birds and a weatherstation on the Island of Scharhörn off the Elbe estuary. The project in the Carmargue, S. France, is to power a research centre and visitor centre for the study of wildlife and plants. The third project is to provide lighting and drainage for important archeological sites in Tuscany. SE 267/84 Bird and Weather Station on Scharhörn Island Mr Lowalt introduced this project which was installed and operational in April 1987. The site is occupied from March to September but can be impossible to reach for long periods. Photovoltaics are particularly useful because there is no noise to disturb the birds. The 4.61 kWp array is designed to meet the average summer energy demand. A standby diesel generator is also available. The reliability of the power supply has allowed additional research equipment to be installed. During the summer of 1987 some improvements were made to the system. These included stronger fixings for the modules after some were damaged by winds in excess of 180km/h. Full analytical monitoring of the system is provided and the users are satisfied with its performance. SE 098/85 Field Station on a Nature Reserve in the Camargue The project was briefly described by Mr Coroller of AFME. A PV system was chosen because of the very high expense of bringing grid power across the water channels of the delta. A back-up diesel generator is used to recharge the batteries when necessary. It is necessary to find the optimum balance between use of the PV array and the back-up generator. The data from the analytical monitoring is transmitted by Minitel to Toulouse for processing. SE 692/84 Lighting of Archeological Sites The progress of this project was described by Mr F Basevi of Italsolar. The first site at Cetona was completed in early 1988. Here 19.81kWp of PV arrays are used to provide lighting within a series of caves and on the footpaths around them. Battery storage and a DC-AC inverter are provided. Fifty three incandescent lamps have been installed, despite their lower efficiency, because of their lighting quality and
 
 SESSION II: HOUSE ELECTRIFICATION
 
 15
 
 resistance to moisture. At Sorano installation has been further delayed by a late change to the module type. The system has 6.6kWp of modules to power two spotlights, 15 incandescent lamps and a small sump pump to drain the caves of rainwater. Full analytical monitoring is provided at Cetona. 2.4.2 Presentation of Results and Discussion of Nature Reserves and Recreation Mr G Blässer reported that he has not yet received at the JRC any data from these projects. Mr Lowalt explained that the Scharhörn Island is inaccessable in winter. Data for the period October 87 to March 88 had recently been recovered and would be available for processing shortly. Mr Gillett emphasied the need to look at data arising at least once a month in order to detect any problems or deficiencies and so avoid monitoring for long periods when limited or useless data is being recorded. It was suggested that for such remote sites it would be worthwhile to use a satillite link to transmit data to JRC which is already equipped with a receiver. 2.5 ISLAND COMMUNITY HOUSES 2.5.1 Overview of Session II.5 Island Community Houses The four projects in this sub-category are all designed for Greek islands where there are very many small communities without electricity. Three of the projects are sponsored by the Public Power Corporation of Greece. These all consist of central PV systems providing AC power to small communities which will be provided with low energy use appliances. On the island of Antikythira there are also some small DC systems for the most remote houses. The fourth project is a demonstration of the integration of PV power into a block of holiday apartments on Karpathos where a diesel generator would otherwise be used. Very few results are available yet from the projects. SE 313/83 Gavdos Photovoltaic Power Plant Gavdos Island is the southernmost Greek island, actually located in the Libyan Sea. It has a resident population of less than 100 with some visitors in summer. The people live in two small communities plus a few more remote houses. Mr Betzios of the Public Power Corporation described a 20 kWp array which was installed with a battery bank and a novel power unit. The power unit consists of a maximum power point tracker, a DC/DC converter and finally a DC/AC inverter stage which together give very high efficiency. It is also possible to expand the system by adding a wind generator. Three phase 230/400V power is supplied to the two communities. The system is integrated into the island by adapting a traditional windmill for the control room. High efficiency domestic appliances and street lighting will be used. Installation of the plant was completed in October 1986 but commissioning was delayed until May 1987 by abnormally bad weather. At present only street lighting is used as the domestic installations have still to be completed. Full analytical monitoring equipment is installed.
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 SE 314/83 Antikythira Photovoltaic Power Plant Mr Betzios also described the electrification of Antikythira Island which has a population of about 70 in winter and 120 in summer. The harbour area is equipped with a diesel generator while a 25kWp central PV plant supplies the other communities and twelve isolated houses have stand-alone systems. Power from the central PV plant is inverted to 220/380V AC by an AEG inverter. The stand-alone systems each have 700Wp of PV modules and a simple charge regulator and low voltage cut-out to protect the batteries. The central plant was installed in 1986 and commissioned in March 1987. Seventeen consumers were connected in October 1987 at the same time as the stand-alone systems were commissioned. High efficiency lamps and refrigerators have been supplied and television sets will be made available. Data from the monitoring station has not been fully processed but it does appear that demand by the elderly population is less than had been predicted. SE 404/83 Arki Photovoltaic Power Plant This project is also to provide a 25kWp PV array and inverter to provide AC power to a community of 60 people which expands to 100 in summer. Mr Betzios said that installation had been delayed due to lack of infrastructure but commissioning was completed in April 1987. Low energy consumer appliances will be provided. A full analytical data monitoring system is installed. SE 187/85 Autonomous PV Power for a Housing Complex in Greece A block of four holiday apartments located 3km from the main town and harbour on Karpathos Island has been provided with an antonomous PV power supply. Mr Maass of AEG described the project. A 2.7kWp PV array and solar thermal water heating systems have been integrated visually into the structure by constructing them over a conventional flat roof in such a way that they also provide additional protection to the interior against direct solar gain. An inverter will provide 220V AC to lighting and small appliances in the apartments. The building is completed and the PV system is ready for installation. 2.5.2 Presentation of Results and Discussion of Island Community Houses Mr G Blässer reported that the JRC had not received any data from these four projects. Asked for his view on the relative merits of single house systems and central systems, Mr Betzios commented that there is very little difference regarding administration difficulties and potential social and management problems. The difficulties in the project mostly arise from the remoteness and poor infrastructure. There had been some confusion on Gavdos as to who would supply the internal electrical distribution systems. Mr Kaut said that he believed the Commission would normally consider internal electrical distribution to be an integral part of a project in a remote and poor community. Mr Weirich saw an advantage in centralised systems because the variety of loads leads to better overall utilisation of the system. Mr Kaut suggested that the experience of lower than predicted demand indicated a need for more study of system sizing. Mr Previ said that distribution faults usually result in a short circuit or fault to ground. Consequently it is unlikely that a distribution system fault will result in a false indication of load. Summarising the earlier discussions on PV for houses, Mr Gillett said that there may be a place for guidelines or a code on system sizing for remote housing to remove some of the uncertainty. Mr Betzios and
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 Mr Kaut both stated that the users need to know how much power is available and how best to utilise it. Mr Kaut was also concerned with the possibility of excessive demand on a central system and felt that such systems were at a disadvantage for that reason. Mr Blässer said that a back-up system can be provided for a small, centralised PV system and results in a better overall use of the PV. There were several reports of a need to recharge batteries due to excess demand or faults on control systems. Control strategies for the use of back-up generators need more study. Combined systems with PV and, say, a diesel generator may offer overall a more economical operation.
 
 SESSION III: COMMERCIALISATION
 
 3.1
 
 Structured Discussion of Commercialisation
 
 3.2
 
 Activities of the Joint Research Centre Related to Photovoltaics SESSION III COMMERCIALISATION
 
 3.1 STRUCTURED DISCUSSION ON COMMERCIALISATION 3.1.1 Introduction The ultimate purpose of the Commission’s PV Demonstration Programme is to assist the full commercialisation of the industry in order to maximise the potential benefits of the technology. The industry representatives and others at the meeting all have this objective in common and will also have their own views of how to achieve the objective. Therefore it was appropriate to introduce into the programme an opportunity for a discussion to draw together some of the diverse experiences and ideas for the benefit of all. The session was arranged as a structured discussion with an introduction to each topic prepared by Mr Gillett followed by open discussion and conclusions. Mr Gillett introduced the subject by raising two questions related to commercialisation. What is Needed? Who can do it? He then sub-divided the discussion into four areas and introduced each one of them. The four areas are: -
 
 products markets infrastructure promotion.
 
 SESSION III: COMMERCIALISATION
 
 19
 
 3.1.2 Products At the present time the industry is largely concerned with developing adequate technology. The major technologies involved in a PV system are: Photovoltaic arrays Batteries Control systems Inverters Energy efficient appliances Integral products (eg clocks and calculators) In all cases the adequacy of the components and the whole system must be measured by their performance, reliability and cost. The PV array is now generally proven for reliability although the cost/performance characteristics are still inadequate for many applications. Other system components may be proven as components but in many cases when they are assembled into PV-powered systems the overall result is still inadequate. Further development and experience appears to be required. The following discussion focussed on the two components which are seen by the contractors as being the most problematical. These are inverters and batteries. There are many initiatives to develop adequate inverters, particularly for small power applications. They tend to be complex and therefore small ones are expensive to buy and may have low efficiencies at part load. One suggestion is to have several small inverters, each associated with a major item of equipment which would at least avoid the problem of low efficiency. Mr Kaut said that batteries are normally the weakest component in any system. Other speakers agreed. Mr Waldner referred to an early project where stationary batteries had been in use for 9 years, he felt that they were worth the extra cost. Mr Maass agreed but pointed out that need for good control of the charge to achieve a long life. Mr Lorenzo noted that batteries are the only components which age noticeably, the technology tends to be blamed even if the design or usage is incorrect. Several speakers felt that not enough is known about battery behaviour and how to design them for a PV system. More work needs to be done on charge regulation. It was suggested that there is not enough communication with battery manufacturers who are not very interested in the very small market sector currently represented by photovoltaics. It was proposed that a fresh look be taken at experience to date with batteries in PV systems, perhaps through a European initiative using the SESAME database or creating a new one. Mr Reis reminded the meeting that DGXII of the Commission is not mandated to support a mature industry like the battery industry although a specific project in batteries for PV may be needed and justifiable. 3.1.3 Markets Mr Gillett introduced this subject by categorising the markets into the major potential purchasers for PV systems and identifying the products they are expected to want:
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 Purchaser Government, Rural Agencies Utilities Industry eg construction, energy, telecomms. Maritime—Navy Meteorological services Railways & Highways Consumers & Retailers Export (developing countries) Military & Space
 
 Products Rural electrification Water pumping water, Stand alone power Remote sensing Cathodic protection Lighthouses, buoys Remote sensing Signals, Warning Consumer products, vehicles, camping, boats etc Electrification pumping Specialised equipment.
 
 Suggestions for extending this list were security systems for housing, motor vehicle applications and more uses in areas sensitive to environmental effects. The market for leisure products was thought to be important both to increase business and to promote interest in the technology. Mr Fonzi emphasised the need to offer solutions to the needs of customers, identifying the areas where price is not the first consideration. Mr Guerry thought it important to follow or influence fashionable trends, focussing on benefits offered to users. Mr Starr proposed that in order to develop a very large market in Europe the sectors to be tackled were utilities, the motor industry and luxury or hobby products. Failing this, the best short to medium term potential is in exports. 3.1.4 Infrastructure It is vital to provide a complete infrastructure for the PV industry so that its products can compete in the market place with alternative energy sources. Only in this way will customers, whether commercial, industrial, governmental or private consumers, have full confidence in the PV products. A complete infrastructure for an industry includes: Design/Engineering Manufacture Distribution Selling Finance Maintenance/spare parts Training Regulations/Standards It is in the interests of the manufacturers to ensure that all of these components are put in place by the manufacturers or other appropriate organisations. This may be a greater problem for the many smaller companies which often lead with innovative ideas but do not have the resources to develop an adequate infrastructure on their own.
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 Some representatives of PV module manufacturers felt that it was still too early to consider investments in infrastructure because the level of sales is not yet sufficient to make the business profitable. One suggested that it will be many years before the industry is profitable. In the present market the same effort is needed to sell a few modules as to sell a multi-kilowatt array. A system supplier was more positive, saying that there is a large market capable of being developed now. It was suggested that one barrier to development is the lack of communication regarding the capabilities of Photovoltaics to the highest levels of industry and government. 3.1.5 Promotion Promotion of new technologies and products are necessary: -
 
 to show that they satisfy needs to build confidence in the product to provide information on price to confirm the reliability
 
 A number of methods are available for promotion. The Commission’s demonstration programme is one method which is valuable at the early stages of commercialisation. The results of the programme may be disseminated through brochures, videos, photographs and posters and through exhibitions. Promotion is, in part, education of the population and more formal education about new technologies needs to provided by introducing new concepts and technologies into the curricula of schools and universities. Television programmes are a powerful way of educating the general public. The advertising of products either directly to potential customers or indirectly through, for example, conferences and articles in journals is an important part of promotion. Another promotional method which helps to build confidence and confirm reliability is the provision of product warranties. In discussion Mr Kaut confirmed that the philosophy of the Commission is to help industry to cover the gap between R & D and commercialisation. The Commission will help promotion with its publications and workshops and expects its projects to be replicated. Other speakers suggested that, until now, the industry has not been very effective at promoting itself. 3.1.6 Conclusions The conclusions from the discussions were presented at the final session of the meeting. Mr Gillett presented the matrix shown in figure 1 which summarises areas where further action is proposed and also indicates which organisation or sector may consider it appropriate to act. Some of these actions involve further technical development of systems and system components. These need to be tackled urgently in order to make available adequate products. The main technical problems now relate to batteries, battery control and inverters.
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 3.2 ACTIVITIES OF THE JOINT RESEARCH CENTRE RELATED TO PHOTOVOLTAICS Mr K-H Krebs of the Joint Research Centre, Ispra presented the work of the JRC in support of the development of a full, commercial, photovoltaic industry. Although the JRC was established primarily to work in the field of nuclear power, other energy sources now form an important part of the activities there. The JRC has been involved with solar energy since 1974. Until 1983 the JRC was concerned largely with the installation of test facilities, testing of modules and the preparation of standard test procedures. The Centre is now more concerned with monitoring of system performance, assessment of novel devices and developing procedures for thin film module testing. To date the JRC has tested over 300 modules of 70 types from 25 manufacturers. The JRC has now set up a data collection and analysis system to support the monitoring of projects in the EC-funded PV Demonstration Programme. Despite the current re-organisation of the JRC it will continue to support the development of photovoltaics through the objectives of: - supporting the PV industry - eliminating technical barriers to trade - assessing the potential of photovoltaics. The JRC will continue to support the programmes of the Commission and, in particular, will continue to develop methods and reference documents and continue the testing and monitoring activities.
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 SESSION IV: LIGHTHOUSES
 
 4.1
 
 Overview of session IV lighthouses
 
 4.2
 
 Presentation of results and discussion on lighthouses SESSION IV: LIGHTHOUSES
 
 4.1 OVERVIEW OF SESSION IV LIGHTHOUSES Lighthouses are an excellent example of the benefical use of photovoltaic power in a remote situation. In all four projects in this category a PV system has been chosen for the refurbishing of an existing lighthouse. In the two Greek projects the PV system replaces the oil lights and manual operation of lighthouses which are over 120 years old. The lighthouse at Palmaiola is also very isolated and was powered by bottled gas. The lighthouse in Sicily is occupied by navy personnel and their families who also benefit from a much better energy supply. SE 648/84 Unmanned Lighthouse at Sapientza, Greece In addition to an oil lamp this old lighthouse was equipped with a mechanical rotation system for the light which required constant attendance. Mr Kadella of Siemens Solar said this equipment is being replaced by a modern electric beacon which requires 1.9 kWh per day of energy. This beacon is powered by a 1.13 kWp array and 2000 Ah batteries which store power for 12 days of operation. A sophisticated battery charge controller is used. A small monitoring system is provided in which data is stored on a cassette tape. A separate telephone reporting system is used to alert the control station to fault conditions. Despite very difficult access the installation was commissioned in November 1987. In order to prove the system during the first five months of operation the beacon remained inside the building. Now that its reliability has been demonstrated arrangements are being made to move it to its final location to replace the oil lamp.
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 SE 624/84 Autonomous Power Supply for an Unmanned Lighthouse Lithari This project was also reported by Mr Kadella. The Lithari lighthouse on Skyros Island is rather similar to the Sapientza lighthouse. It is now manned by six personnel with a minimum of three in continuous attendance. It will be unmanned after conversion. The oil lamp is being replaced with a set of three static beacons. A 4.7kWp array is required to power the beacons. By ensuring that the beacons are not switched simultaneously it is possible to restrict the peak current and hence limit the battery size to 1700 Ah for a 10 day storage capacity. The power conditioning system for the 48V DC supply includes a micro-processor controlled DC chopper and a maximum power point tracker. A full analytical datalogger is powered by a separate PV supply with 10 days storage in batteries. The system is scheduled to be commissioned in the summer of 1988. SE 674/84 Palmaiola Island Photovoltaic Lighthouse Mr Basevi of Italsolar introduced this project. The PV lamp fitted to Palmaiola lighthouse in the Tyrrhenian Sea has extended the range of the light from 14 to 21 nautical miles. 4.7kWp of modules are fixed to the external wall of the lighthouse and connected to batteries of 600Ah capacity at 120V DC. Voltage regulation of the batteries is achieved by controlling separately strings of modules with different threshhold voltages set for battery charging. Two strings are permanently connected so as to compensate for selfdischarge and the permanent load of the datalogger. This arrangement also meets the reliability requirements of the US Coast Guard. An emergency power system, which can be switched in automatically, consists of 400Wp of modules and a 12V l00Ah battery. The site is very difficult to access so personnel had to be transported by small boat while the equipment was lifted in by helicopter. Nevertheless a team of 8 installed the system in 8 days and commissioning was completed in September 1986. SE 565/85 Photovoltaic Plant for Punta Libeccio Lighthouse, Sicily The Punta Libeccio lighthouse is on Marettimo Island but separated from the community by 9km of very poor road. Transportation of diesel fuel is difficult and further more the site lacks fresh water. Two PV systems will be installed, one for the lamp and one for the domestic needs of the three naval personnel and their families. Mr Maccio of CESEN described the PV array of 8400 Wp which will be used to supply the lamp and its drive motor. A 120V 1300Ah battery will ensure 10 days of reserve power. A 9880Wp array will be used to provide domestic power at 220V AC and to power a 2001/h reverse osmosis desalination plant. The system control strategy is flexible so that power can be transferred between the two systems if required and in summer excess energy can be used in the desalination plant. Full analytical monitoring will be provided. Detailed design of the project is expected to commence shortly. 4.2 PRESENTATION OF RESULTS AND DISCUSSION ON LIGHTHOUSES Mr Blässer reported that the JRC had not yet received any data. In discussion it was noted that considerable savings in labour costs could be produced replacing a conventional lighthouse system with by a PV system although one speaker said that there are regulations
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 governing the manning of lighthouses in the Mediterranean under which some sites may need permanent manning.
 
 SESSION V: WARNING AND MONITORING SYSTEMS
 
 5.1
 
 Overview of session V warning and monitoring systems
 
 5.2
 
 Presentation of results and discussion on warning and monitoring systems SESSION V: WARNING AND MONITORING SYSTEMS
 
 5.1 OVERVIEW OF SESSION V WARNING AND MONITORING SYSTEMS Three projects in this category demonstrate the usefulness of PV power for remote warning and monitoring systems. In two systems a radio link is used to transmit data to the central control point. In the third system a warning signal activates local warning lights, also photovoltaic powered, and send signals by telephone line to the central control. SE 560/83 Ground Water Level Measurement The Hamburg Waterworks is responsible for 800 water pumping wells some of which are in a remote area not easily accessible in winter. Remote self-contained monitoring systems which report by a radiotransmitter link reduce the need for inspection staff. Two PV systems were commissioned in 1986 and the last one in March 1987 after the design had been modified to include a more powerful transmitter because the site was changed. Each water level monitor and transmitter is powered by a 310Wp array and a 12V 100Ah battery with a charge controller. Fourteen days of reserve power is provided. The remote transmitter can be controlled from the central station and a voice link is also provided for service staff to use. Mr Lowalt of AEG reported that the photovoltaic system has continued to work reliably. Some improvements have been made to the software and hardware of the data monitoring and transmission system. SE 123/83 PV Generator for an Early Warning System for Forest Fire The project described by Mr Fonzi of Italenergie is to demonstrate a range of remote sensing equipment using similar data collection and transmission equipment. In this case a forest fire warning system is installed in a valley near Sulmona, Italy and a flood and frost alarm is installed by the Pescara River.
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 The remote system consists of a 400Wp array with a 300Ah battery to give reserve energy for eight sunless days. A variety of sensors can be connected to the data logging and transmission system with on-site adjustments to software. Laboratory work and field trials have been carried out to test and calibrate the sensors. The system has now been modified to partially process data on-site and so reduce the quantity transmitted over the radio link to the central laboratory. Good results are being obtained from the tests of the sensors. Some difficulties were encountered in system design and the designers felt that more information from the manufacturers on PV module temperature charactistics would be useful. SE 159/88 Fog Warning System on the Milan-Venice Motorway Mr Basevi of Italsolar described the fog warning system which has just been installed on 8km of motorway near to Verona. Twenty fog detectors are installed at 400m intervals. When fog is detected each sensor switches on two sets of 10 flashing lamps, one set on each carriageway. The lamps warn of fog and delineate the edge of the carriageway. A signal is also sent by telephone cable to a control centre. A warning sign for the entry tollgate is also being developed. Each sensor unit includes 45Wp of modules, a battery and transmitter all mounted on a 6m pole. Each set of 10 lamps is controlled by a receiver and powered by 70Wp of PV power. The micro-computer based system in the Operation Control Centre is self-contained and powered by 3960Wp of modules and a battery. The system design allows for 5 days of operation without sun. Three types of fog detectors were tested. One has been discarded and two have been modified to provide adequate detection. No other technical difficulties have been encountered. 5.2 PRESENTATION OF RESULTS AND DISCUSSION ON WARNING AND MONITORING SYSTEMS Mr G Blässer reported that the JRC has not received any data for analysis from these three projects. In the case of the Hamburg water level monitoring system there had been continuing difficulties with the data acquisition system although it was hoped that these are now resolved. Mr Fonzi and Mr Basevi both reported that equipment had been stolen from site. An intrusion alarm has now been added to the forest fire warning system. Mr Basevi reported that improvements to the fog detector have made it more cost effective. Results from a period of foggy conditions are still awaited.
 
 SESSION VI: WATER PUMPING AND TREATMENT
 
 6.1
 
 Overview of session VI water pumping and treatment
 
 6.2
 
 Presentation of results and discussion of water pumping and treatment SESSION VI: WATER PUMPING AND TREATMENT
 
 6.1 OVERVIEW OF SESSION VI WATER PUMPING AND TREATMENT Three projects were presented in this category which illustrate the application of photovoltaics to the need for water in different situations. The first project is concerned with the application of a small PV water pump with a back-up wind generator for typical developing country needs. In this case the plant was installed at a European exhibition site. A second water pump has been installed to supply cattle and a small slaughterhouse in Sicily. The final project is for the desalination of water and various other applications using a large PV array in a Mediterranean Island. SE 713/84 Demonstration of a Stand-Alone System with Renewable Energy Sources Mr Roessler from Fraunhofer Institute introduced this project which was established to demonstrate solar powered water pumping. The system was commissioned as part of the State Garden Show at Freiburg in April 1986. A 1.7kWp PV array powers two standard KSB Aquasol 50L water pumps which are set up in series to lift 2l/s of water through 14m. A battery has been used to capture the solar energy received at low irradiance which would otherwise not be utilised. This has made necessary the use of additional electronic protection for circuits in the motors which are not intended for use with batteries. A 600W wind generator is also connected to the batteries to boost output in spring and autumn. Development of the control systems took longer than expected but the system now works well. The software of the analytical data monitoring system has now been improved to permit local analysis as well as processing at JRC.
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 SE 593/85 Water Pumping in a Rural Area at Zigliara, Corsica The objective of the project is to lift water from a stream to where it can be used for cattle, for irrigation and for washing in a slaughterhouse. Since the system was installed in March 1987 the farmer has been able to increase the number of his sheep and cows, irrigate a small kitchen garden and make cheeses. Mr H Bonneviot of Total Energie described the system. A 3840Wp PV array and an inverter provide 380V 3 phase variable frequency power to a submersible pump in a dammed portion of the stream. Water is lifted 80m through a 800m length of 80mm pipe to a small reservoir. The reservoir provides a 40m head of water to the slaughterhouse for washing. Water is also drawn off at a high level for drinking water for the animals and any surplus is used for irrigation. The power conditioning unit was developed for this project and has now become a standard product. The installed monitoring system is due to be replaced with one which will transmit data via the SOLARGOS satellite link for rapid analysis. SE 143/85 Desalination Plant for Melos Island The small community of Embourion on Melos in the Cyclades Islands lacks power and drinking water and can only be reached by small boats. Mr Fonzi described the project which will provide for the community a 15m3/day (30kWp) reverse osmosis desalination plant, 1.5kWp for lighting and refrigeration in a tourist restaurant and 350Wp for street lighting. Commissioning is scheduled to be completed by the end of 1988. The PV array will be located partly on the roof of the combined equipment and control room and partly nearby. All the plant will be pre-assembled in containers. The desalination plant has a maximum capacity of 15 m3/day and an average output of 7.3m3/day. R 0 treatment of seawater will be followed by chemical conditioning to produce water to WHO standards. A battery capacity of 1500Ah is provided for the desalination plant and 250AL for the other equipment. Safety is a strong feature of system design. Full analytical monitoring will be provided. 6.2 PRESENTATION OF RESULTS AND DISCUSSION OF WATER PUMPING AND TREATMENT Mr Blässer reported that the JRC had not received data from any of the projects. He also noted that he believed the SOLARGOS satellite link has only a limited capacity to handle data. Some results from the Fraunhofer Institute’s analysis of data obtained at Freiburg were presented. Opening the discussion, Mr Gillett remarked that the need for an adequate budget for maintenance work on the remote sites was becoming obvious. The major point of discussion was whether or not batteries should be used for water pumping systems. One speaker noted that only about 20 of the 2500 or more PV pumps installed in the world include batteries. Others agreed that cost, power losses and reliability problems weighed against the use of batteries. Mr Roessler said that their results at Freiburg showed that the use of a small battery is effective. Mr Reis said that DGXII is considering further study on the use of batteries for water pumping.
 
 SESSION VII: TELECOMMUNICATIONS
 
 7.1
 
 Overview of session VII telecommunications
 
 7.2
 
 Presentation of results and discussion of telecommunications SESSION VII: TELECOMMUNICATIONS
 
 7.1 OVERVIEW OF SESSION VII TELCOMMUNICATIONS The three projects described in this session are all telecommunications relay stations in remote sites. In the oldest of these projects, on Antikythira Island in Greece, a PV generator was added to an existing dieselpowered station. The monitoring period of this project is now finished. The microwave relay station at Gros Bessillon near Toulon was designed with a hybrid diesel/PV system in mind to optimise the cost effectiveness. The TV and radio relay transmitters at Kaw Mountain in French Guyana are very isolated and are powered entirely by a PV system. These last two systems have both been commissioned and are being monitored. SE704/83 R F Station at Antikythira This project was commissioned in October 1985. Mr Kadella of Siemens Solar reported that it has continued to work well although there have been difficulties with the data acquisition system. The main PV array contains 20.8kWp of modules used to provide 24V DC power to the main transmitter and auxiliary equipment as well as 220V AC to four items of low power equipment. An auxiliary array maintains the charge of the starter batteries for the two diesel electric generators which remain available for back-up. After some small problems at the start the equipment has operated well. Analytical monitoring is provided by a computer-based data logger. For long periods during the second year of monitoring the data was faulty or non-existant. However, enough data is available to demonstrate good performance. The system provides an average of 23200 kWh per year and displaces 7000 litres of fuel. The PV installation is reliable and appears economically attractive.
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 SE 114/85 Gros Bessillon: A PV/Diesel Hybrid System for Telecommunications Mr M Aubree and Mr D Marquet of France Telecom introduced this project which has been installed near to Toulon. The main objective of this project is to demonstrate a PV/diesel hybrid system which is optimised. The design studies resulted in a power system in which the PV array is sized for the annual mean solar radiation, thus halving the size needed for a PV only system. The diesel generator provides 30% of the total energy needs. It is arranged as a battery charging device which will normally start up when the battery charge drops to 55% and stops again at 90%. Discharge to the 55% level from 100% provides 3 days of autonomous operation. If the diesel generator fails to start an alarm signal is sent out and there is a further three days of power reserve in the battery down to the deep discharge limit. The array size is 3.2kWp, the battery size is 2500Ah and the diesel generator is 8kVA. The microwave relay station requires 600W at 48V DC. A computer-based supervision unit provides control and checking facilities as well as collecting performance data. Communication to the control centre is made over the Minitel network. Additional meters required for full analytical monitoring were developed and installed recently. The system was commissioned in March 1987. Early problems of overvoltage control, low battery temperatures and lightning damage have been overcome. SE 122/85 Auotonomous PV Supply for Kaw Mountain Relay Transmitter The Kaw Mountain Relay Transmitter centre carries two television channels and two FM radio channels. It is located in a remote part of French Guyana with very difficult access. Mr B Aubert of Renault Automation described the design and installation of the system. In order to maintain a high level of service the complete system has been designed for very high reliability. Precautions against theft of modules have been taken and a system surveillance unit is in constant contact with the regional operations centre. The transmitters are powered solely by a 20kWp PV array which supplies a mean daily load of 40kWh. The PV modules have been closely matched in groups to minimise energy losses and the whole system is designed to be as energy efficient as possible. The charging of two batteries of 4600 Ah each is regulated by switching in sub-arrays as necessary. A 1kW inverter is provided for small tools and instruments. Analytical monitoring is performed by a data acquisition system from which data cartridges are extracted once every two months for processing. The installation was completed in March 1988. 7.2 PRESENTATION OF RESULTS AND DISCUSSION OF TELECOMMUNICATIONS The results of the analysis by JRC of the Antikythira project were reviewed by Mr Blässer. Despite the gaps in the data there are sufficient results to show that the system works well. Relay transmitters are a most promising application. JRC does not yet have any data from the other two systems. Mr Blässer noted the impressive potential of remote sampling of data using the Minitel system. For the time being JRC will still require data on electromagnetic media even where Minitel is available because of difficulties with differing standards. He also emphasised the value of simple global monitoring as a back-up in case of a failure of the data acquisition system.
 
 SESSION VIII: CLOSING SESSION
 
 8.1
 
 Conclusion from the Meeting
 
 8.2
 
 Concluding Remarks SESSION VIII: CLOSING SESSION
 
 8.1 CONCLUSIONS OF THE MEETING Mr Gillett summarised the conclusions of the meeting. He first reminded the meeting that the objective of the EC Demonstration Programme is to gain experience and promote technologies so as to help the industry towards full commercialisation. The experience of a demonstration project covers field performance; reliability; the design, construction, installation and commissioning of systems; the characterisation of performance; and operating experience. This experience leads directly to better developed components and optimum sizing of systems. The promotion of the experience leads to greater public awareness and then to bigger markets. The free exchange of information during the meeting allowed a better understanding of the state of the development of the industry and of system technology. A number of general points of value were drawn from the meeting. It was notable that very few projects had encountered any problem with the photovoltaic modules. Those installed sometime ago continued to work reliably. On the other hand technical difficulties had been encountered in many projects. Although these were normally overcome quickly, they do indicate the areas where further work is needed to improve PV powered systems. The difficulties are concentrated in four areas: a) the choice of batteries and how to control them, where wide differences in practice are seen and improved indicators for battery state-of-charge are highly desirable; b) the choice of inverter type and associated protection is still difficult, inverters with improved efficiency are being developed; c) lightning protection appears to need further study as systems have experienced damage; d) methods and data for optimising the sizes of PV arrays, batteries, and back-up systems need further development.
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 There are within the industry differing views of the relative merits of using DC appliances as compared to the cost and complexity of providing AC power for standard AC appliances. Even so, better DC appliances are needed and high efficiency AC appliances should also be available to users. More information on suitable appliances is needed which might be provided through product catalogues. A worrying trend appearing this year is the increasing theft of PV modules and other components now that their value is more widely recognised. Precautions against theft and vandalism of even the remotest sites have to be taken very seriously. The very large proportion of projects which have suffered from data acquisition failures is also very worrying. It is hoped that the experience gained so far and the support of JRC and the European Working Group on PV Plant Monitoring will help to reduce the incidence of these expensive problems. The experience also reinforces the desirability of providing simple global monitoring instruments on all demonstration projects as a back-up to complex data loggers. A further practical point for a demonstration is the importance of allowing an adequate budget for managing projects in remote sites and for making the inevitable visits for trouble shooting and maintenance. Finally, the value of frequently collecting and checking data in order to avoid long periods of faulty operation or inadequate data has been clearly demonstrated. 8.2 CONCLUDING REMARKS Concluding his review, Mr Gillett said that he hoped the participants had found both the formal sessions and the numerous bi-lateral discussions as valuable as he had done. He gave his thanks to all participants and contributors. He particularly wished to thank the personnel of the JRC, Ispra for their support to the Demonstration Programme and for making successful arrangements for the meeting. He also thanked Mr Kaut, Mr Reis and the interpreters who had travelled from Brussels to support the meeting. Speaking on behalf of the Directorate General for Energy, Mr Kaut extended his thanks to all those who had participated in or supported the organisation of the meeting. The Commission was pleased by the high level of response of the PV industry to these meetings. He hoped that all participants had gained from the experience.
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 Overview of the European Community’s photovoltaic demonstration programme The half-year monitoring summary for PV demonstration projects Reporting guidelines The European working group on PV plant monitoring
 
 OVERVIEW OF THE EUROPEAN COMMUNITY’S PHOTOVOLTAIC DEMONSTRATION PROGRAMME W.KAUT Commission of the European Communities Directorate-General for Energy 1. INTRODUCTION PV Projects are one of the two sub-groups of demonstration projects of the sub-programme ‘Solar Energy’ of the Commission’s overall demonstration programme in the energy field. This programme had been started in 1978 as one means to cope with problems due to the oil crisis of the 70s. It covers areas such as: –
 
 –
 
 –
 
 energy saving in different fields e.g. industry buildings transport energy industry alternative energies e.g. solar wind biomass and waste geothermal hydro power use of electrical energy and heat
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 use of solid fuels liquefaction and gasification of solid fuels
 
 Whereas thermal applications were dominating in the solar field in the early years of this programme, a real break through of photovoltaic projects occured in 1983, when 24% of all solar proposals were in the PV-sector. This number went up to 52% in 1987 and the average number over the years 1983 to 1987 is 34% in the case of proposals, but 42% of all accepted projects are in PV, and 45% of the solar budget over these 5 years has been allocated to PV projects. The majority of the selected projects have involved electrification of isolated sites, an application for which PV is most attractive today. The applications vary from electrification of isolated dwellings, farm houses, mountain refuges and buildings in nature reserves, to lighthouses, telecommunications equipment, desalination plants and warning devices. Only three projects are working with real grid connection and interaction. Some statistical data relating to the projects which were approved in the period 1983 to 1987 is given in Table 1. A summary table listing each of the projects in the programme is presented in Annex I. 2. THE PV PROJECTS 2.1. Background Photovoltaics (PV) played a minor, and relatively unimportant, role in the early years of the demonstration programme; Until 1982 only 4 PV-demonstration projects had been carried out, 3 of which were successfully completed, the fourth ended as a failure. The 3 successful projects were: - a PV-driven pump (900 Wp) for a micro-irrigation plant in the south-west of France (Final report: EUR 8571); - an electric car, the batteries of which were charged by a PV-array of 1.8 kWp (Final report: EUR 9039); - the interconnection of a 5 kWp PV panel with the electric low-voltage utility grid (Final report: EUR 10. 187). A remarkable increase of PV projects among the overall solar proposals was noted in 1983 and this was confirmed in the following years. PV applications are generally classified in two major groups: - stand alone systems, without any grid connection - grid connected systems
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 2.2. Stand-alone installations The major part of all PV demonstrations projects are stand-alone installations and here the sector of rural electrification plays an important role. 24 out of 60 projects concerning isolated sites are rural electrification projects. These isolated sites are normally used for: - dwellings (single houses, groups of houses or small villages) - high-mountain refuges - agricultural purposes A PV system has to be adapted to the individual needs of the houses to be supplied, according to their consumption and their load profile. The size of the PV plant and the battery storage capacity must be optimised. In cases of groups of houses or small villages, it must be decided if a central PV-plant with a central storage facility and distribution grid should be provided or if each house should get its own individual PV system. Will the modules be fixed on the house, in which case the overall architecture of the building should be considered, or will the modules be installed on the ground. In all cases, environmental aspects must be taken into account. As electricity is an absolutely new factor in the inhabitants’ life, an extensive information and education campaign is required in order to encourage a rational use of the precious PV electriicty. Furthermore, only low-energy coonsumption appliances can normally be justified for PV powered buildings. There are two major advantages offered by the decentralised PV system for small villages: - PV electricity is not available in unlimited quantities. In case of centralised systems, a certain discipline and community spirit is required of all inhabitants, when consuming energy. In case of decentralised systems, each house owner has it in his own hands how to use the energy that is at his disposal. In this way tensions and mistrust among the population can be avoided. - the distribution grid, consisting of masts, wires and cables in the air, which would in many cases cause a nasty pollution of the picturesque, natural environment of the isolated sites, can be avoided. There are 12 single-house projects concerning about 300 individual isolated houses or refuges. They are normally equipped with individaul PV-installations at 12 or 24 V DC comprising some modules, a storage battery and a charge controller. As appliances, some lamps, a radio or TV set and sometimes a DCrefrigerator are used. The size of these installations is between 300 and 1200 Wp with a dominance of smaller installations between 300 and 800 Wp. Plants of 1000–1200 Wp are often equipped with an inverter producing 220 VAC. In these power ranges, more and more standarsied systems are entering the market now, delivered as sets easily to be installed in the do-it-yourself way. The small village projects provide all one centralised PV-plant with energy distribution by line or cable. Normally, 220 VAC is produced. In the field of agricultural applications, a number of dairy farms of different sizes, located in the Italian Alps, will be equipped wtih PV systems. The access to these farms is extremely difficult and the milk is transported down to the valley only once per week (and this in some cases by helicopter). Meanwhile, the milk must be cooled or processed on the farms. Another project concerns 93 shepherds’ huts in a valley of the French Alps, which will be equipped with small PV-installations (40 or 80 Wp) mainly for lighting, but also for electric fences or for charging the Nl-
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 Cd batteries of their hand lamps. This proposal had been submitted thanks to a personal initiative of an individual shepherd who came to Marseille to attend the information meeting organised by the CEC to present the 1987 call for tenders. When back in the valley he interested and mobilised many of his colleagues and 93 of them decided to participate in a proposal, which was also accepted for financial support by the Commission. A number of Greek and Italian lighthouses in the Mediterranean sea will get PV equipment. Some of them are operated now with gas-fired lamps and mechanical turning devices. In this case with PV a completely new (electrical) lamp system must be installed. In other cases, the existing diesel generators will be replaced by PV modules and, the diesels in future as a stand-by power source. The main reasons for transforming these lighthouses to PV are: - high reliability of PV; - low maintenance needs of PV; - no or low fuel provision needs Many telecommunication relay stations and TV-FM transmitters are located on the top of mountains in very isolated areas, accessible only under extreme difficulties. In the past, when no grid connection was available, the only solution for power supply was the diesel generator set with its well-known inconveniences. Fuel provision is very difficult and hence costly under the given circumstances. A diesel requires high maintenance and hence operating personnel permanently on site. Furthermore, it is not easy to find people who like to work in such extreme isolation. All these problems are similar to those encountered with the lighthouses. Archaeological sites are often far away from any energy supply. Nevertheless, energy can be needed for different purposes. The use of a fossil energy source mostly is to be rejected for environmental reasons. This offers an opportunity for PV generators. In Tuscany in Italy, two Etruscan tombs will be accessible to visitors thanks to lighting and draining systems powered by PV Electricity. Another interesting field of PV application are warning and measuring systems, often located in isolated areas. Three projects in this sector concern fire, high-water and fog-warning and the water-level measurement in deep wells of a waterworks. The role of PV in all these cases is the energy supply for the sensors and the equipment for handling the data and also for the tele-transmission of the data to data collecting centres or central control facilities. 2.3 Grid-connected projects Although grid connected applications are still rather uneconomical, it is felt that some experience in this field is needed. As the electricity produced by the PV generator will be fed into the grid under certain operating conditions, this electricity must be of high quality in frequency and waveform. This, in return, demands rather sophisticated power conditioning equipment. In the framework of an Irish project, a 5.2 kWp PV generator is mounted on a one family house. The system consisting of the PV modules, an inverter with MPPC and a transformer, is designed for full grid interaction. This generator is expected to supply under local climatologic conditions, about 5,500 kWh/year, more or less the annual consumption of a one-family household. In Germany an 8 kWp PV generator will be
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 installed on a house, operating with a new high efficiency inverter. In the UK a combination of PV and wind generators will be installed to supply a cluster of low energy houses. 2.4. New projects of the 1987 Call As it is shown in table 1, we received in 1987 36 PV proposals, 16 of which, with an installed capacity of 251.9 kWp, were selected for a total financial support of 3.05 Mio ECU. Besides a big number of projects in the field of electrification of isolated houses and agricultural exploitations, some new very interesting PV applications should be noted: 1) The PV electrification for telemetry and remote control of irrigated lands in Spain 2) A PV powered rotating biological contactor for a waste water treatment in Spain 3) The PV electrification of railway crossings (lamps and barriers) in Italy Whereas all PV demonstration projects accepted in the past provided cristalline Silicon modules, in 1987 we accepted a first amorphous Silicon project of 10 kWp for a satellite telecomm station in France. 3. MONITORING The monitoring phase is of great importance for a demonstration project. Only through careful monitoring can one find out how well a plant is working. But the best solar plant cannot give good monitoring results if the monitoring system is wrong or inadequate in its concept or if the monitoring campaign is carried out without care or competence. For this reason, in very close collaboration with the specialists of the CEC Joint Research Centre of Ispra, maximum advantage is taken of the experience and the know-how they acquired in the framework of the CEC R&D programme and especially of the PV pilot programme. ‘Guidelines for PV system Monitoring’ (Issue 3) have been elaborated which should help our contractors to design their monitoring system and to carry out the monitoring campaign in an appropriate way. Information is given on which parameters should be measured, on the required accuracy of the instruments to be used, on the frequency of measurements, the recording format and on data handling at the JRC at Ispra. Already in the publication of the invitation for proposals for demonstration projects, people are informed that a 2-year monitoring programme must be provided for proposed projects and that this programme must be in conformity with the above-mentioned guidelines. Later on the contractors are obliged to transmit the monitoring data, recorded in the appropriate manner, to Ispra regularly (in general every 1–2 months). The JRC carries out an evaluation and analysis of these data and prepares monthly summary reports for all plants. Furthermore, comparative long duration tests are being carried out in the JRC test field on all module types used in the demonstration projects. Finally, the Ispra experts are at the disposal of our contractors in case of problems or questions related to the monitoring of their plants.
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 Table 1: Solar Demonstration Projects
 
 Proposals received PV alone PV % of total Projects selected PV alone PV % of total Inst. capacity in KWp Budget PV alone Mio ECU PV % of total PV-Projects Inst. capacity in KWp Underway Inst. capacity in KWp
 
 Total solar (therm.+PV) 29 24 Total solar (therm.+PV) 10 27 168.7 Total solar (therm.+PV) Mio ECU 2.20 27.5 Cancelled Number 21 185.5 Number 9 147.7 60.5
 
 1983
 
 1984 1985
 
 1986
 
 1987
 
 124 34 35 37 16 41 246 8.00 2.98 53.3 1 26.5 11 170.5
 
 98 27 35 39 18 47 197 5.57 3.3 48 5 26 14 287
 
 80 36 52 31 16 55 251.9 6.85 3.05 47.7 1 259 16 917.6
 
 69 153 34 29 73 42 1176.6 6.39 15.28 45.32 -
 
 77 27 33 38 13 42 313 6.9 3.75 54.7 4 12 251.9
 
 448
 
 174
 
 33.71
 
 11
 
 62
 
 ANNEX I: EC PHOTOVOLTAIC DEMONSTRATION PROJECTS IN 1983 Proj. Nr. SE/ Country Application
 
 Location
 
 Capacity KWp
 
 123 134
 
 IT DE
 
 L’Aquila and Pescara Sachsenheim (Baden-Württemberg
 
 0.4 5
 
 215 313 314
 
 HE HE HE
 
 Menetes Carpathos Island Gavdos Island Antikythira Island
 
 10 20 35
 
 404 466
 
 HE FR
 
 Arki Island Southern France
 
 25 32
 
 560
 
 DE
 
 Hamburg
 
 0.3
 
 704
 
 HE
 
 Antikythira Island
 
 20
 
 Total
 
 147.7
 
 Fire prevention and high water alarm PV system in connection with a small power heat cogeneration for an isolated farmhouse PV pumping for irrigation PV station for two remote villages PV station for groups of isolated houses PV station for a remote village PV rural electrification of 40 isolated houses PV electricity supply for ground water level measurement PV electricity supply for an isolated radio-relay station
 
 9 projects
 
 EC PHOTOVOLTAIC DEMONSTRATION PROJECTS IN 1984 Proj. Nr SE/ Country Application
 
 Location
 
 Capacity KWp
 
 084
 
 DE/FR
 
 Baden-Württemburg, Alsace
 
 2.6
 
 267
 
 DE
 
 Scharhörn
 
 4.1
 
 PV electricity for three stand alone residences PV electricity for a bird and weather station on a small N. Sea Island
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 Proj. Nr SE/ Country Application
 
 Location
 
 Capacity KWp
 
 507
 
 UK
 
 Milton Keynes
 
 4.1 (PV only)
 
 520
 
 IR
 
 Farnanes, Cork
 
 5
 
 573
 
 IT
 
 Campoligure, Ligurian Appenines
 
 2.1
 
 624
 
 HE
 
 Lithari, Skyros Island
 
 2.6
 
 648
 
 HE
 
 Methoni, Sapienza Pel.
 
 2.6
 
 674 692
 
 IT IT
 
 Palmaiola Island Cetano and Sorano
 
 3.9 26.1
 
 696
 
 FR
 
 French Alps
 
 5.3
 
 713
 
 DE
 
 Freiburg i .Br.
 
 2.1
 
 Total:
 
 60.5
 
 A PV solar/Wind cogeneration system to contribute to domestic electricity supplies in main connected houses Integration of a PV generator in main connected residential systems PV and micro-hydro power study of an isolated farm PV electricity supply of an unmanned lighthouse PV and wind power supply of an unmanned lighthouse PV electricity supply of a lighthouse PV electricity for Etruscan Archeological sites PV electricity supply for alpine lodgings and huts Stand alone PV and wind electricity supply for various purposes in recreational areas
 
 11 projects
 
 EC PHOTOVOLTAIC DEMONSTRATION PROJECTS IN 1985 Proj. Nr SE/ Country Application
 
 Location
 
 Capacity KWp
 
 098 114
 
 FR FR
 
 Camargue French Jura
 
 12 1.92
 
 122 138 143
 
 FR IT HE
 
 French-Guyana Eolian Islands Delos Island
 
 20 9 31.9
 
 146 159 187 280 412
 
 IT IT HE DE DE
 
 Abruzzo Verona Poros Island Saarbrücken Berlin
 
 6.3 14.3 4.15 8 5.1
 
 501
 
 FR
 
 Alpes, Pyrenees
 
 8.35
 
 540 565 593 14 projects
 
 IT IT FR
 
 Liguria Sicilia Corse Total:
 
 27.4 18.2 3.84 170. 5
 
 PV Electrification of a natural reserve PV and diesel power supply to an isolated microwave relay PV Electrification of a TV+FM emitter PV Electrification of 30 isolated houses PV power supply for desalination, refrigeration and lighting PV Electrification of dairy farm in the mountains PV powered fog detecting system for high risk highway Autonomous PV power supply for housing complex Grid-connected low power system PV Electricity house supply for decentralized relief of main supply Solar PV and thermal energy for 29 High Mountain Refuges PV Electrification of 7 dairy farms in high mountains PV plant for the energy supply of a light-house Photovoltaic water pumping in rural area
 
 SESSION I: GENERAL
 
 43
 
 EC PHOTOVOLTAIC DEMONSTRATION PROJECTS 1986 Proj. Nr SE/ Country Application
 
 Location
 
 Capacity KWp
 
 103
 
 FR
 
 Corse
 
 9.76
 
 159
 
 FR
 
 Guadeloupe
 
 12.4
 
 215
 
 PO
 
 Portugal
 
 35.0
 
 233 246
 
 ES FR
 
 23.12 24.0
 
 261 327
 
 ES ES
 
 Isla del Moro Atlantic Ocean, Mediterranean Sea, Antilles Tabarca Island Sierra de Segura
 
 333 337 388 390
 
 ES ES IT IT
 
 Trebujena Ivares, Oden Lleida Lucca—Tassignano Palombara Sabina
 
 19.7 18.9 4.75 3.0
 
 493
 
 FR
 
 Valbonne—Sophia Antipolis
 
 8.3
 
 Tota1:
 
 287
 
 PV electrification of isolated houses, TV repeater, harbour beacon, water sterilizer PV power supply for 3 telephone exchanges PV electrification of isolated rural dwellings PV powered reverse osmosis plant PV electrification of light buoys at different latitudes PV power plant PV rural electrification of 57 dwellings PV power for a cheese cooperative PV rural electrification of 30 houses PV powered airport signalling lights Passive thermo—PV hybrid system for climatic control and electrification of isolated buildings PV equipment programme of the International Activity Park
 
 12 projects
 
 100.0 28.2
 
 EC—Photovoltaic Demonstration Projects 1987 Project Nr SE/ Country Application
 
 Location
 
 Capacity KWP
 
 33
 
 FR
 
 Montpellier
 
 10.00
 
 34
 
 FR
 
 Roya valley (Alpes Maritimes)
 
 6.08
 
 35
 
 FR
 
 Cap Corse
 
 8.76
 
 58
 
 ES
 
 Andalusia
 
 21.50
 
 77
 
 ES
 
 Huelva (Andalusia)
 
 18.00
 
 96 99
 
 ES ES
 
 San Bartolomé de la Torre, Huelva Badajoz (Extremadura)
 
 21.50 12.85
 
 101
 
 ES
 
 El Villar (Andalusia)
 
 7.84
 
 121
 
 ES
 
 Madrid
 
 12.5
 
 PV-supply for a satellite Telecom station Photovoltaic equipment of the Roya Valley Solar energy and tourist trade in Corsica PV-power supply for forest houses in PV-powered education centre Puerto Penas Iara-PV pumping system PV-electrification of an agricultural and cattle operation PV-electrification for telemetry and remote control of irrigated lands PV-powered rotating biological contactor for wastewater treatment
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 Project Nr SE/ Country Application
 
 Location
 
 Capacity KWP
 
 167
 
 Parc National des Crins (Hautes Alpes)
 
 3.4
 
 Project Nr SE/ Country Application
 
 Location
 
 Capacity KWP
 
 195
 
 IT
 
 Riomaggiore (Liguria)
 
 15.0
 
 211
 
 IT
 
 Isola Santo Stefano (Pontine)
 
 21.0
 
 231
 
 IT
 
 Cecina (Toscana)
 
 17.28
 
 251
 
 FR
 
 1.36
 
 336
 
 IT
 
 Mont Chiran (Blieux, Alpes Haute Provence) Filicudi Island (Sicilia)
 
 421 16 projects
 
 ES
 
 Rambla del Banco Total:
 
 11.80 251.87
 
 FR
 
 PV-electrification of the national cycling museum
 
 PV kits for an i llumination, data acquisition and alarm system for isolated tourist paths Total electrification of Santo Stefano Island by means of distributed PV systems “Cecina-Saline di Volterra” railway line demonstration PV plant Electrification of the “Mont Chiran” site by PV system Reverse osmosis desalination plant with a 63 KWp PV generator for Filicudi Island PV station for a remote village
 
 63.00
 
 THE HALF-YEAR MONITORING SUMMARY FOR PV DEMONSTRATION PROJECTS by G.Blaesser Commission of the European Communities Joint Research Centre—Ispra Establishment—ESTI Project 21020 ISPRA (VA) Italy SUMMARY: This report proposes a schema for reporting the monitoring data obtained from PV demonstration projects for time periods of six months. Such a report will be issued by the JRC for all projects with analytical monitoring whenever data covering such a time period are available. 1. INTRODUCTION In the past the JRC Ispra provided monthly monitoring summary reports whenever analytical monitoring data were received from a demonstration project. Copies of these monthly summaries were sent to DG XVII and also to the plant manager. In many cases these reports provided hints for possible improvements of the plant operation. In addition to these reports which we will continue to produce a new kind of periodic document shall be provided in the future in order to give a more global summary of the operational characteristics of the system; it should be directed to a larger audience and should give a basis for the comparison of real system performance with design predictions and also with similar data from other projects.
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 2. GENERAL LAYOUT OF THE REPORT: The report starts with an overview of the characteristics of the project, i.e. its location, nominal power (Pnom), array area (AA) and nominal efficiency (Nnom=Pnom/area), its main application and its configuration. The project description is followed by a table which gives, for each month, a certain number of variables which are derived from the actual monitoring data. The definitions of these variables are summarised below. The table layout will vary with the system configuration since all entries which are not applicable to a particular project (such as inverter I/O in the case of pure DC-systems) will not be included. Entries of interest for a given system for which, however, no data are available, will be included in the table with the remark N.O., i.e. “no observations”. In some cases we may include remarks in free form after the summary table, either to highlight some particularities of the project or to express possible reservations concerning some of the data. Finally the report will include a number of figures which will illustrate in graphical form the variation in time of some of these variables. For better time resolution these graphs show weekly instead of monthly data. 3. DEFINITIONS OF VARIABLES USED IN THESE REPORTS For each month we shall report (if applicable to the system) the following items: hrs MIG MIA EAt EGt ERt(+/−) EBt(+/−) EIIt EIOt ELDCt ELACt PVuse Yield NAmax NAmean Nconv Ninv PR
 
 = = = = = = = = = = = = = = = = = =
 
 total number of hours for which data were recorded (h) mean daily global (horizontal) irradiation (kwh/sqm/d) mean daily in-plane irradiation (kWh/sqm/d) energy output of the PV array field (kWh) energy supplied by an auxiliary generator (kWh) energy given to (+) or taken from (−) the public grid (kWh) energy given to (+) or taken from (−) the battery (kWh) energy input to the inverter (kWh) energy output from the inverter (kWh) energy consumed in all DC loads energy consumed in all AC loads energy from PV effectively used in the loads (kWh) 24*PVuse/hrs/Pnom (kWh/dAWp) average of the 20 best hourly values of array efficiency mean array efficiency over the month DC/DC converter efficiency inverter efficiency Performance Ratio = Yield/MIA
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 4. FIGURES To illustrate the performance of the different components of the system during the given time period the following figures are foreseen (if applicable): SOLAR ENERGY UTILISATION: A bar graph showing for each weak total in-plane irradiation (scaled down by a factor of ten) and array output energy. BATTERY INPUT and OUTPUT: This bar graph shows the energy balance at the battery. ENERGY USED by CONSUMERS: A bar graph which shows how much of the electrical energy consumed was produced by PV or aux. generator and how much was taken from the AC grid (if available). Other figures such as the quantity of water delivered by a PV pumping station will be also provided whenever they are important for the analysis of project performance. 5. EXAMPLE As an example I have included the report summarising the data from the Freiburg Landesgartenschau PV project for the period January—June 1987. 6. CONCLUSION The format given here shall be used for the first summary reports, starting from September 1988. On the basis of the reactions from the audience we will revise it rather often in order to improve its presentation and its suitability as a tool for the analysis of PV system performance. SITE:
 
 FREIBURG
 
 LOCATION:
 
 48.00'N 07.84'E
 
 Nominal Power (Pnom): 1.70 kW Array area (AA): 22.3 sqm Nominal Efficiency (Nnom): 7.6 % MAIN APPLICATION:
 
 Water pumping to drive the fountains at the Landesgartenschau (a public garden)
 
 SYSTEM CONFIGURATION: -
 
 DC/DC-Converter: no Inverter: no Battery: yes Grid Connection: no Aux. Generator: yes DC-load: yes AC-load: no
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 SUMMARY OF RECORDED DATA FOR THE PERIOD JANUARY–JUNE 1987 month : Jan Feb Mar Apr May Jun hrs : 740 333 744 704 742 720 Daily Averages (per hours of monitoring): MIG(kWh/d/sqm) : 1.0 2.3 3.5 4.7 3.9 5.4 MIA (kWh/d/sqm) : N.O. N.O. N.O. N.O. N.O. N.O. Yield (kWh/dd/kW) : 0.6 1.4 3.0 3.5 3.5 3.4 Recorded Sums of System Energies (KWh): EAt : 54 30 153 199 173 171 EGt : 5 6 10 3 5 5 EBt (+/−) : 19 –4 –7 22 −15 −3 ELDCt : 38 40 169 176 190 178 PVuse : 33 34 158 173 185 172 System Efficiencies (%): NAmax : 8.2 7.2 8.1 7.1 7.1 6.8 NAmean : 7.3 4.4 6.5 6.5 6.4 4.8 PR : 60 61 86 74 90 63
 
 |
 
 Total 3983
 
 | | |
 
 3.5 N.O. 2.6
 
 | | | | |
 
 780 34 12 791 755
 
 | | |
 
 7.4 6.0 74
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 REPORTING GUIDELINES W B Gillett Sir William Halcrow & Partners Limited
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 Burderop Park, Swindon SN4 OQD, UK 1 INTRODUCTION Two new sets of Reporting Guidelines have been prepared for use by PV Demonstration Project contractors. These Guidelines contain all of the information needed by contractors when they are preparing both 6 monthly and final reports on their demonstration projects. The Guidelines are available from DG17 in different languages. 2 FORMAT FOR INTERIM TECHNICAL REPORTS This format is very similar to that which has been issued for some years by DG17, but it contains an additional “Project Summary Sheet” The Summary Sheet is unlikely to require substantial updating, once the system has been commissioned. However, it should be attached to each Interim Technical Report, because it provides the reader with a very concise and complete technical summary of the project. Once the project has been commissioned and data monitoring is in progress, monthly and 6 monthly reports on the data will be prepared by JRC Ispra and sent to the contractors. These JRC monitoring reports, together with comments by the contractor on any special events or anomalies shown in the data, should be included in the Interim Technical Reports. 3 GUIDELINES FOR THE PREPARATION OF FINAL TECHNICAL REPORTS These comprehensive Guidelines include detailed notes on how to complete each section of the report which is required by the CEC, including advice on the required length of text in each section and instructions for the typist. The main aim of these guidelines is to minimise the number of draft reports which have to be re-written to meet the contractual requirements of DG17 and to reduce the amount of work for the contractor. The Guidelines give advice on how to deal with confidential information and include a simplified procedure for the presentation of the economic viability of pv projects. 4 DISCUSSION The information supplied to DG17 in the form of Interim and Final Reports is used for several purposes. It is required for contractual reasons by the CEC for the purposes of authorising payments to contractors and to permit the overall management and control of the Demonstration programme. It is also used to update the SESAME database, and hence to provide information to others who may wish to replicate the project or to learn from it. In addition, the CEC takes steps to publicise the results of the demonstration projects through conferences, brochures and papers. It is, therefore, important that up-to-date information is readily available on each project in a form which can be easily used and reproduced.
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 In order to ensure that the CEC can give maximum support to the publicity of the demonstration projects and that contractual difficulties are minimised, all contractors are urged to read and to follow the new Guidelines. All new contracts will include a requirement that the Guidelines be followed. THE EUROPEAN WORKING GROUP ON PV PLANT MONITORING M R STARR Consulting Engineer 23 Gloucester Street Faringdon, Oxon, SN7 7JA, England 1. Objectives The European Working Group on Photovoltaic Plant Monitoring (EWG/PPM) was established in 1985 by the JRC-Ispra to provide technical support for its work in coordinating the monitoring programme. The EWG/PPM consists of approximately 25 experts from European research organisations, photovoltaic manufacturers, and energy agencies, plus representatives from the CEC (JRC-Ispra, DGXII-Brussels, and DGXVII). To date, the EWG/PPM has held five working sessions. Within the overall objective of identifying appropriate applications for PV systems in Europe, the principal activities are as follows: 1. To exchange of data and experience on PV plant monitoring in order to: ○ ○ ○ ○ ○ ○
 
 identify component faults select monitoring equipment analyse monitoring results improve system models assess specific applications develop guidelines for all aspects of monitoring
 
 2. To disseminate information on monitoring methods and the results of monitoring in appropriate forms for: ○ ○ ○ ○ ○ ○
 
 PV system designers PV research organisations PV system manufacturers PV system users decision makers the wider public
 
 One of the principal ways of disseminating information to date has been through the European PV Plant Monitoring Newsletter, which is issued at approximately six month intervals. Four issues have been produced so far.
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 2. Work Plan The task of monitoring, data analysis and assessment is being considered in three phases. Phase 1 (1985– 1988) covers the development of three ‘guidelines’ documents: PV system monitoring (Document A), analysis and presentation of monitoring data (Document B), and initial and periodic tests on PV plants (Document C). Phase 2 (1988–1989) will cover the practical implementation of guidelines documents A, B and C and the detailed review of the results. At the same time, a general methodology for the assessment of PV plants for various applications, in comparison with other energy supply technologies, is being developed, as a contribution to the wider debate on how PV plants should be assessed. Phase 3 (from 1989) covers the continued implementation of the guidelines documents with detailed review of the results. There will also be opportunities for the application of various approaches to the overall assessment of actual PV demonstration plants. Phase 1, the development of the three basic guidelines documents, is now practically complete and work has started on Phase 2, the practical application of these guidelines and the development of an approach to overall assessment. 3. Key Topics Addressed Comprehensive proceedings covering the matters discussed at each session of the EWG/PPM have been produced. The key topics addressed include the following: Monitoring methods and equipment
 
 -
 
 commercially available data acquisition systems pyranometers and calibrated reference cells lightning protection and surge protection devices use of satellites for transfer of data from remote sites
 
 Parameters to be monitored -
 
 ‘analytical’ and ‘global’ monitoring initial and periodic tests and inspections requirements for Log Book to be maintained for each plant monitoring social factors
 
 Analysis and presentation of monitoring data -
 
 requirements of different target groups review of design strategies use of monitoring results for system optimisation definitions of Indices of Performance
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 4. Guidelines Documents The first ‘guidelines’, PV System Monitoring (Issue 3, Nov.1987), sets out recommendations for two types of monitoring, the detailed ‘analytical’ and the simpler ‘global’ monitoring. It lists the parameters to be measured, the accuracy required and the sampling frequency. Standard formats for recording the data are also specified. Document B, Analysis and Presentation of Monitoring Data, sets out recommendations and standard procedures covering the analysis of monitored data and presentation of results. It contains sections covering initial checks for consistency, the analysis and presentation of energy data and the derivation of various Indices of Performance (also known as Figures of Merit). The first issue is expected to be published later in 1988. Document C, Initial and Periodic Tests on PV Plants, provides recommendations for carrying out initial and periodic tests on PV plants. It deals first with electrical performance tests on PV arrays. Details are given of the special equipment needed and the procedures to be followed for translating the results to Standard Test Conditions. A check list of points to be covered when undertaking periodic inspections of the PV modules in an array is given. Sections are also provided giving general advice on battery tests and checks and on what parameters to measure when testing power conditioning equipment. The first issue is expected to be published later in 1988. 5. Assessment Methodology A methodology for the overall assessment of PV plants is being developed, as a possible approach to the general problem as to how PV plants should be assessed. A preliminary draft has already been circulated to EWG/PPM members for their comments. The methodology covers the assessment of four main aspects: technical, economic, environmental, and social/institutional. An adaptible scoring system is proposed which enables the non-numerical aspects to be included in an overall assessment. The methodology enables PV systems to be assessed in relation to other energy supply technologies. The first stage of the procedure is the collection of all relevant data. If the plant has not yet been built, then much of the information must be based on estimates and on experience gained with similar plants elsewhere. If the plant has already been built, then actual performance data needs to be collected and analysed in accordance with standard procedures (see Guidelines Documents A, B and C). Other information relating to the capital and operating costs, environmental impacts and the social and institutional factors also needs to be gathered through appropriate questionnaires and field tests. In addition to gathering the data relating to the PV plant, corresponding data is also required for the alternative technologies being considered. These will normally include diesel generators and grid-extension. It may be necessary to consider other technologies, depending on the particular circumstances, such as micro-hydro, wind and rechargable batteries. Following data collection, the next stage is to assess the PV plant in comparison with the alternative technologies for each of the four categories of relevant aspects: technical, economic, environmental, and social/institutional. A scoring system for each category is proposed, to enable the different technologies to be assessed as objectively as possible. Having examined all the relevant aspects under the four categories, the next stage in the procedure is to make a synthesis in order to arrive at an overall conclusion. The method proposed is to adopt a weighting system,
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 Figure 1 Methodology for Comparative Assessment of PV Plants
 
 with each of the four categories being assigned an appropriate weighting factor. The score for each technology for each category may then be combined to give a single overall score. As it is difficult to devise an objective weighting system that correctly reflects the relevant importance of very dissimilar factors, it is important to test the results for their sensitivity to changes in the relative weights given to the four main factors. The technology which scores best for a wide range of weighting assumptions may then be considered as the most appropriate for the particular situation. The technologies being compared may then be ranked in order of merit for the given application at the specified site. The overall approach is shown schematically in Figure 1. Tables I and II illustrate the application of the methodology to a scheme in Pakistan for village electrification. TABLE I Example of Unweighted Scores for Each Factor CATEGORY
 
 PV
 
 WIND
 
 DIESEL
 
 GRID
 
 74 44 98 90
 
 68 47 88 85
 
 51 43 55 60
 
 84 49 95 63
 
 unweighted scores out of 100 Technical Factors Economic Factors Environmental Factors Social/Institutional Factors TABLE II Example of Overall Assessment CATEGORY Technical Factors Economic Factors Environmental Factors Social/Institutional Factors TOTALS
 
 Weighting
 
 PV
 
 WIND
 
 factor
 
 weighted scores
 
 0.20 0.40 0.20 0.20 1.00
 
 15 18 20 18 70
 
 14 19 18 17 67
 
 DIESEL
 
 GRID
 
 10 17 11 12 50
 
 17 20 19 13 68
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 CATEGORY RANKING
 
 Weighting
 
 PV
 
 factor
 
 weighted scores 1st
 
 WIND 3rd
 
 DIESEL
 
 GRID
 
 4th
 
 2nd
 
 SESSION II: HOUSE ELECTRIFICATION
 
 French programme of rural electrification for 40 houses by photovoltaic generators Photovoltaic equipment for 12 lodgings and refuges locates in the French Alps The installation of photovoltaic arrays and solar thermal systems in 23 refuges in the French Alps and the Pyrenées Rosemount domestic photovoltaic system PV power package for the “isolated dwellings” projects Solar wind cogeneration for urban residential use Small grid-integrated photovoltaic system using a novel inverter type Photovoltaic house supply for decentralized relief of mains supply Photovoltaic system linked to a small power heat cogeneration Stand-alone residential PV-system with motor/ generator backup Integrated energy system for power supply of an isolated farm located on ligurian appenines 4 KWp photovoltaic current generator for mountain economics Photovoltaic systems for mechanization of dairy farming activities in alpine pastures Photovoltaic power supply for bird and weather station on the Island Scharhörn (North Sea) Solar photovoltaic generator for the electricity supply of the Domaine de la Palissade—Camargue Photovoltaic lighting of archeological sites Gavdos photovoltaic power plant Antikythira solar photovoltaic power plant Arki solar photovoltaic power plant Autonomous photovoltaic power supply for a housing complex in Greece
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 CONTRACT NR SE 466/83 FRENCH PROGRAMME OF RURAL ELECTRIFICATION FOR 40 HOUSES BY PHOTOVOLTAIC GENERATORS P.COROLLER AGENCE FRANCAISE POUR LA MAITRISE DE L’ENERGIE Route des Lucioles—06565 VALBONNE CEDEX—FRANCE and B.AUBERT RENAULT Automation/Séri 2, avenue du Vieil Etang—BP 19–78391 BOIS D’ARCY CEDEX—FRANCE SUMMARY The project aims to study—on the significant scale of 40 installations standardized by 400 Wp, 800 Wp, 1 200 Wp power steps—the different aspects (sociological, economic, technical and administrative) related to electrification by photovoltaïc generators of houses in very isolated rural areas. The installation of photovoltaïc generators was spread over three years: 14 projects were commissioned in 1985, 17 in 1986 and 9 in 1987. A.F.M.E. started collecting the first data sheets in the beginning of 1986. For the oldest installations measuring results were given over a range of 26 months. A first check up on a significant number of sites can be given in the present report. 1. INTRODUCTION The aim of the programme is to demonstrate that power production by means of photocells appears as an interesting alternative, both technically and economically, of the development of geographical areas where certain problems prevent the supply of power in the conventional way. Indeed, the usual connection to the grid of isolated houses is very expensive for the community as well as for the setting up of the electrical lines (more than 15 000 Ecu/km), as later for the maintenance of uneconomic mains (the electric consumption of so isolated users is very low). This project thus aims to explore, on a meaningful scale of 40 photovoltaïc generators standardized by power steps (400 Wp, 800 Wp, 1 200 Wp), the different aspects of this method of rural electrification. The project consisted of five main tasks: - an important administrative and financial task aiming at adapting traditional ways of financing rural electrification in France to the photovoltaïc solution. These efforts have resulted in the establishment of files and the obtainment of the funds necessary for the electrification of 40 houses; - a second task involved contacts with the users both during research into sites and during the various stages of the construction of the generator and during technical acceptance. The photovoltaïc generator had to be accepted, as completely as possible, by the user on a practical and psychological level taking into account the system’s advantages and limits. A.F.M.E., its representatives, the contractors and the installers have spared no effort to this end; - a third task was the technical coordination of the programme involving on the one hand validation of the sites and dimensioning of the installations according to general criteria (cost of the grid connection related to the remoteness of the network and to environmental constraints, social and economic value for the
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 satisfaction of the user’s energy requirements, motivation of the user). On the other hand, it aimed to obtain a standardisation of the installations which could, however, be adapted as far as possible to the needs of the users. This is why in addition to the list of components common to the whole programme, detailed specifications have been established for the other components (e.g. battery state of charge controller) and the operations necessary (mechanical and electrical assembly) for the construction of photovoltaïc generators. This has contributed to the quality of the installations; - more than twelve photovoltaïc general contractors and installers were entrusted with the manufacture and erection of the various generators according to the rules of the programme; - the last task involves the collection and interpretation of data. These datas are delivered to the Joint Research Laboratory of Ispra (Italy). A.F.M.E. in particular has studied in detail the data provided by certain users who appear to make the most interesting use of the system. 2. PHOTOVOLTAIC ARRAY The power of the array of each installation was determined by the technical coordination of the project taking into account the needs of the user determined during the choice of the site and according to the standardized power steps of the generators. The output voltages of the arrays were as follows: TYPE OF GENERATOR “400 Wp, D.C” “800 Wp, D.C” “800 Wp, A.C.” “1 200 Wp, A.C.”
 
 OUTPUT VOLTAGE OF THE ARRAY 24 V 24 V 48 V 48 V
 
 From the voltage and the power the number of modules placed in series strings or paralleled can be derived automatically. The modules used for the programme are these of the French manufacturer PHOTOWATT. Both monocrystalline PWP 400 and multi-crystalline PWP 402 silicon modules were used for the generators. These two types of 40 Wp modules are fully accepted by the CEC’s JRC Ispra as French stateof-the-art modules. They are also consistent with French regulations NF C 57–100. Thus the PV arrays are as follows: TYPE OF GENERATORS “400 Wp, D.C.” “800 Wp, D.C.” “800 Wp, A.C.” “1200 Wp, A.C.”
 
 NUMBER OF 40 Wp MODULES 10 20 20 32
 
 The selling price given by the manufacturers for a 800 Wp array are: -
 
 modules supporting structure TOTAL
 
 : :
 
 6660 ECU 730 ECU 7390 ECU.
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 Each installer uses his own type of supporting structure. For instance, the 800 Wp photovoltaïc array of a generator in the Alpes de Haute Provence, southeastern France (installation Nr. 7) is divided in two subarrays of ten 40 Wp modules. Each subarray is made of two and a half series strings of four modules. From the junction box on the rear part of the panels leave three wires to the control command cabinet in the nearby shelter. The supporting structures represent an aluminium frame, bolted to the concrete foundations. The metallic parts are tied to the ground by copper wires. For the programme the structures of the array are designed in order to support the load for a 180 km/h wind speed. The tilt angle of the arrays is generally 45° with regard to the horizontal plane. For some generators, this angle is 60° facilitating the production of electricity in winter. 3. POWER CONDITIONING The project offers two principal cases: - D.C. generators - A.C. generators. The power conditioning system, then, consists either of a simple battery-charging regulator, or an inverter in addition to it. a) battery size
 
 The capacity of the battery has been calculated to allow the user three days storage on average, taking into account that it can only be run down to 70 % capacity, the speed of discharge and the energy efficiency of charging/discharging. TYPE OF GENERATORS “400 Wp, D.C.” “800 Wp, D.C.” “800 Wp, A.C.” “1 200 Wp, A.C.”
 
 NOMINAL STORAGE CAPACITY 8.4 kWh 14.4 kWh 16.8 kWh 28.8 kWh
 
 b) Regulation of battery charging The regulator allows charging to be maintained between 30 and 100 % of the battery’s maximum charge. Each manufacturer uses his own means of regulation. The state-of-charge of the battery is controlled by the battery voltage for all the generators. When overcharging occurs (2.4 V per cell), in some cases the array is disconnected, in other a floating current is maintained. If the voltage drops below 1.9 V per cell, usage is stopped in order to allow the solar panel to recharge the battery. c) Inverters
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 Two 1 kVA inverters have been developped by two manufacturers SGTE and Faiveley, their performances are very similar: - overload capability of 2 times the nominal power for a few minutes - sinusoïdal output wavefor - electronic load detection (stand-by consumption 4 W, no-load consumption 55 W). d) Back-up supplies Some of the users owned a generating set. When their solar generator produces A.C. current, the thermal genset can be used as a back-up by means of a reversing switch. In the opposite case, the photovoltaic generator provides the permanent needs of the users and the genset is only reserved for the specific uses needing greater power. 4. DETAILS OF PHOTOVOLTAIC USER APPLIANCES (equipment) One year ago, users have been asked to give complete information on their specific photovoltaïc appliances as well as to indicate the obtained satisfaction in using photovoltaïc generators. Houses equipped with photovoltaic generators from 400 Wp to 1 200 Wp are usually occupied by three persons. Photovoltaïc electricity is used primarly for lighting: the number of lights depends on generator sizing as follows: GENERATOR POWER NUMBER OF OCCUPANTS
 
 NUMBER OF ROOMS NUMBER OF LIGHTS
 
 AVERAGE 400 Wp 800 Wp 1 200 Wp
 
 MAXIMUM 4 5 8
 
 MINIMUM 3 3 3
 
 12 13 23
 
 1 7 9
 
 23 29 37
 
 The average daily lighting duration is about 6 hours in winter and 3 hours in summer. The second application seems to be TV and radio. If the majority of occupants benefits from their radio, the use of TV however depends on the type of generators: GENERATOR POWER 400 Wp 800 Wp 1 200 Wp
 
 TV OWNERS 6 out of 11 6””8 1””2
 
 The 400 Wp generator is not used for high power appliances neither for refrigerators which are usually run with butane gas. They also keep their diesel generating sets as a back-up. Those using 800 and 1 200 Wp extend the use of photovoltaïc electricity to other appliances such as: electric tools, small domestic equipments, …
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 5. MONITORING SCHEME Two versions of instrument drawers have been developped, one for D.C. generators, the other for A.C. generators. The drawers are installed at the same time as the generatorss, and their function is explained to the user. The instrumentation allows easy data collection by the non-technical users. Data has to be sent to the A.F.M.E. at the end of each month. The drawers display the following measurements: - in D.C.: * “GRI” in Wh/m2: * “Epv” in Ah: * “Ebat” in Ah: * “Eo” in Ah: * “Ch” in h: - in A.C. version: * “Ei” in Ah: * “Eo” in kWh:
 
 integration of the overall irradiation by a CIMEL pyranometer and its electronics, integration of the current generated by the photovoltaïc array, integration of the current entering the battery, integration of current used by the charge, display of the duration of generator usage, integration of current entering the inverter integration of energy used by the user, by a watthourmeter.
 
 Moreover, some existing generator sets have been equipped with watthourmeters. All these electromechanical counters must be recorded each week by the users who fill out “counterreading sheets”. All pyranometers have been calibrated by the Carpentras French National Meteorology Centre. The “counter-reading sheet” is transcribed onto a magnetic medium. A number of figures can be obtained, in particular: - generator productivity, - photovoltaïc array productivity, - coefficient adequacy on site, taking into account the generator sizing and the manner in which the generator is used. In addition to the analysis, A.F.M.E. has made three complementary detailed studies: - the search of the daily profile of electricity consumption by the reading of the consumption of the various appliances at 3 users’homes, - the comparison of the quantitative data of consumption drawn from the "counter-reading sheet" with the users’opinions - the detailed measurement by C.S.T.B. (Scientific and Technical Centre for Building) of a 1200 Wp generator. 6. EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING Every installer or contractor chosen for the realisation of the 40 generators programme has acquired his own experience during the installation and the starting-up of the generators. Several among them (e.g. in the French departments of Vaucluse or Alpes de Haute Provence) have therefore had the opportunity to carry
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 out their first photovoltaïc installation. These electricians have been helped in this task by the rules laid down for the programme. One of the targets is to spread photovoltaïc technology in the regions. One of the important points of this experience were mainly the safety rules to be respected: - grounding of the metallic structures, - electrical insulation of the terminals of the cells and mechanical protection of the batteries, - necessity of fuses to protect the various components of the generator, - order for the connection of the systems, etc… 7. EXPERIENCE OBTAINED DURING OPERATION ** Encountered problems:
 
 After a significant period of running (2 or 3 years), we can notice the following encountered problems: -
 
 modules:
 
 * flawless * unchanged aspect
 
 - structures:
 
 * no corrosion problems * little wind resistance of certain structures - cabling: * water tightness problems of junction boxes on some modules * absence of diodes on three installations (responsability of local fitter) * bad cabling of electric measurement shunts on one installation - regulation: * only one regulator break-down (800 Wp installation) - batteries: * frost of batteries in department of Lozere due to bad insulation of premise * difficulty of battery loading after a profound discharge due to the regulation design (in order to load completely, it is necessary to switch it off) - inverters: * several failures on one type of inverter due to the lightning - instrumentation: * failures of numerous amperehourmeters due to over-charges and interferences caused by converters * pyranometer: - difficulty of changing batteries (from 6 to 12 months autonomy) - weak counter storage capacity. ** Results - Data sheets:
 
 The frequency of information given by the users is varying from one to another. On the whole we consider that each user fills in carefully the data sheets. The following graph shows that more than fifty per cent of them send those back regularly.
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 400 Wp 24 V D.C. installation: Three typical profiles of consumption are shown on the following graph: - constant consumption throughout the year: project Nr. 8 in Corsica - increasing consumption during autumn and winter due to breeding or other agricultural activities: projects Nr. 15 and 40 - increasing consumption due to the use of more domestic appliances: project Nr. 32
 
 As it is shown above about 60–100 % of the photovoltaïc produced energy is consumed during wintertime whereas only 20–70 % are necessary during summertime. 800 Wp 24 V D.C.
 
 SESSION II: HOUSE ELECTRIFICATION
 
 65
 
 This graph is showing the energy consumption of a photovoltaic generator user and illustrates the typical profile of electricity needs remaining constant throughout the year. The installation appears well-sized.
 
 800 Wp. 48/220 V This graph makes clear how much energy (30–40 %) is lost with the use of the inverter.
 
 1 200 Wp. 220 V The two last graphs using the GOURDON farm where detailed monitoring has been set up by the CSTB (Scientific and Technical Centre for Building) gives the following results: - well-sized installation - satisfactory behaviour of the inverter in case of high daily electricity requirements (efficiency between 65 and 77 %) - effective global energetic efficiency varies from 3.5 to 5 %
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 - capacity ratio goes from 7 to 9 %
 
 ** Conclusions In order to supply the necessary confort it appears inevitable to oversize the photovoltaïc generators when used in housing. Other reasons for that are: - difficulty of precise energy consumption estimation (the user is mostly unable to determine his electricity needs) - high consumption during wintertime. As to the design of future photovoltaïc generators it is recommended to promote the following combined devices: - supply of direct current for lighting, TV, …
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 - supply of alternative current for specific appliances such as electric tools, vacuum-cleaner, … Concerning components important improvements will have to be carried out making efficient 12/24 V D.C. receivers and reliable inverters available. Improving the maintenance of systems, giving better information to users and taking into account the efforts previously mentioned will contribute to the replication of photovoltaïc installations and eventually make photovoltaïc electricity become common place. CONTRAT N° SE 696 84 FR PHOTOVOLTAIC EQUIPMENT FOR 12 LODGINGS AND REFUGES LOCATED IN THE FRENCH ALPS GTA (Grande traversée des Alpes—14 rue de la République—38019 GRENOBLE APREN (Association Pour la Recherche et les Etudes Nouvelles) le Bouloud— 38410 ST MARTIN D’URIAGE SUMMARY Electrification, by means of photovoltaic solars cells, of 12 lodgings and huts in the mountains, regularly scattered along the Great Crossing of the French Alps, from lake Leman at Geneva to the Mediterranean, was done under contract from the Commission of European Communities and the Agence Française pour la Maîtrise de l’Energie. At each lodging, energy meters were used to measure the produced and consumed electrical energy. These measurements, together with detailed measurements from two installations described below, are used: (a) to verify that the present installations are correctly designed, (b) to develop design criteria for future installations. I— INTRODUCTION Twelve remote lodgings located in the French Alps were equipped with photovoltaic generators which supply electrical energy for communication equipment such as radio emitters and also for lighting and others household appliances. The altitude of the concerned lodgings varies from 900 m to 3000 m. This electrification has several objectives: - to use an energy source avoiding transport of fuel. - to test solar plants in severe climatic conditions on a large scale and therefore to prepare a next stage of distribution. - to adapt the lodging to the sociological evolution of practices of sport life in a mountain environment. - to reduce lodging keepers’ loneliness, and improve their working conditions. At each lodging, we have been measuring by means of energy meters, the produced and consumed energy during two years. Two of the lodgings were equipped with monitoring stations in order to obtain detailed measurements of: -
 
 solar irradiance PV panel temperature ambient temperature produced energy
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 - energy received or delivered by batteries - consumed energy II— TECHNICAL PRESENTATION 2.1— List of lodgings: A list of lodgings with the number of panels, regulators and batteries is given below. In fact, 13 lodgings were equipped because some foreseen equipment were reduced at some lodgings. Name
 
 Commune
 
 Dep
 
 Altit
 
 Pan
 
 Reg
 
 Bat
 
 BOSSETAN ANTERNE LA LEISSE FOND DES FOURS EMPARIS SOREILLER CHARDONNET CERVIERES LA PARE VALBELLE LONGON NICE SPEGGI
 
 SAMOENS SIXT TERMIGNON VAL D’ISERE MIZOEN ST CHRISTOPHE NEVACHE BRIANCON BARCELONETTE SISTERON ROURE BELVEDERE TENDE
 
 74 74 73 73 38 38 05 05 04 04 06 06 06
 
 1763 1807 2496 2537 2260 2780 2219 2035 1863 917 1890 2232 1300
 
 15 7 10 7 12 15 7 9 7 12 12 15 7
 
 5 3 4 3 4 5 3 3 3 4 4 5 3
 
 15 7 10 7 12 15 7 9 7 12 12 15 7
 
 For local meteorological reasons, some lodgings were equipped with two orientations: some of the panels oriented to the South; the others to the East or West. 2.2— Principle of generators: For reliability reasons and taking account of maintenance problems, photovoltaic plants were divided into separate modules according to the figure 1 2.3— Energy meters: In accordance with the prescription contract, lodgings are equipped with energy meters. They have measured during 2 years: - Energy consumed by users - Energy displayed by panels
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 fig 1 Wiring Diagram of Panels, Regulators and Batteries
 
 Displayed energy is measured on one PV panel for lodgings having one orientation and one panel of each orientation for lodgings having several orientations. The resulting displayed energy is the sum of the displayed energy of each panel multiplied by the number of panels of each orientation. Since the regulating system was sub-divided, it was not possible to have exactly the same level on each regulator. As a result, there was an uncertainty in the displayed energy. 2.4— Monitoring station Two lodgings—BOSSETAN and VALBELLE—were equipped with a monitoring station. A schematic layout is given in figure 2 The measurement station is powered with 12 V DC delivered by the PV plant and all devices are placed in a hand-bag, thermally insulated and conditionned. Insolation measurement are made each 10 minutes in accordance with CEE recommendations. The frequency of recording other parameters is 1 minute with integration during one hour. Data are stored on discs and sent every 3 months for calculations and result analysis.
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 fig 2—Monitoring station
 
 Photo: Panel shunts for monitoring station at VALBELLE
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 3. RESULTS and DISCUSSION: 3.1— Meter results: Lodging BOSSETAN ANTERNE SOREILLER LA PARE NICE EMPARIS CHARDONN ET LA LEISSE FOND DES FOURS CERVIERES VALBELLE SPEGGI
 
 Pan nb Daily estim. Wh 15 1300 7 825 15 1300 7 825 15 1300 12 1050 7 825
 
 Consumed energy 1986 35 970 19 610 24 880 5 860 199 470 13 270
 
 Daily mean Wh 353 228 592 293 1194 218
 
 Consumed energy 1987 44 840
 
 Daily mean Wh 273
 
 11 350 60 770 20 370 4 540
 
 158 921 251 189
 
 10 7
 
 950 825
 
 23 270 26 330
 
 423 239
 
 9 12 7
 
 950 1050 825
 
 8 184 22 700 19 010
 
 248 201 308
 
 These results show large differences in the way of using energy between lodging keepers. Some of them economize much energy. In all cases (NICE excepted), the consumed energy is lower than predicted but all lodgings are not yet fully equipped with electric accessories and it seems that keepers dare not use too much energy. For some lodgings, the occupation rate was less than predicted for various reasons. Comparing results measured by means of meters and monitoring stations on the two concerned lodgings (BOSSETAN and VALBELLE), we observed that energy meters do not measure low consumption due to a threshold in electro-mechanical devices. On VALBELLE, the difference between the two measurements was about 15%. 3.2—Monitoring station results: Detailed measurements on BOSSETAN and VALBELLE show that the uncertainty due to the measurement realized with only one panel was greater than foreseen. Consequently, we have equipped the monitoring stations of VALBELLE to measure produced energy on each panel and each group of 3 batteries. It’s possible to see on figure 5 what happened on a typical day for panel and battery energies. For the same day, we have plotted insolation, total produced energy total consumed energy and batteries voltage in figure 3. In addition, the daily produced, consumed and battery energy during 72 days are shown in figure 4. As an example of the influence of the regulator threshold, it is possible to see on the following figures (figure 5a and 5b) what happened on the same day between panels and batteries. Some panels stop quickly after a small producing period following sunrise, but the others have a sufficient production to charge all batteries. This has been observed very often on VALBELLE when there was sufficient insolation.
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 Fig 3—Comparison of Solar irradiation, produced and consumed energies, voltage batteries.
 
 4. CONCLUSION Thirteen lodgings located in the French Alps were equipped with photovoltaic generators. Produced and consumed energy was measured on each lodging with energy meters (Global measurements). Moreover,
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 Fig 4—Daily produced consumed and store energy during the 1 rst quarter 1988.
 
 two generators were equipped with monitoring stations. From both measurements, the main conclusions are:
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 Fig 5—Daily stored and produced energy by the four different modules of a lodging (VALBELLE).
 
 - in some lodgings, the daily energy production was found to be the same for panels facing East and those facing South (due to the presence of afternoon clouds in mountain regions). - it was noticed that energy meters generally used in photovoltaic systems have a threshold whith results in an energy reading about fifteen percent less. - identical installations have shown widely different energy consumption rates which are attributed to the consumer behavio-r pattern which should be taken into account in developping guidelines for energy management. - dividing the PV generator into separate modules allows one to obtain energy even in the case of an accidental failure and makes maintenance easier.
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 CONTRACT SE/501/85 FR THE INSTALLATION OF PHOTOVOLTAIC ARRAYS AND SOLAR THERMAL SYSTEMS IN 23 REFUGES IN THE FRENCH ALPS AND THE PYRENEES P.WALDNER, CLUB ALPIN FRANCAIS, 9, rue de la Boétie, 75008 PARIS J.GUERRY, CONSULTANT ENGINEER, 59, allée de la Panisette, 01500 AMBERIEU EN BUGEY SUMMARY The Club Alpin Français has some 95 000 members and owns 140 buildings in the mountains for accomodation purposes, of which 90 are refuges in totaly isolated sites. The refuges are open to everybody and apart from providing overnight facilities, they also assure mountain rescue services and provide shelter in bad weather. To improve user and warden comfort and safety levels, an installation programme has been under—taken in 23 refuges, 19 of which are in the Alps, and 4 in the Pyrenees. 22 refuges are powered by the photovoltaic array, and 1 by a windpowered generator. Some of them have a snow melter installed for water, and two refuges will have a heating system. 2 of the refuges are at an altitude of under 2000 metres, the others at between 2000 and 3160 metres. 1— INTRODUCTION The main objectives for electrical installation in the refuges are: - Increased safety by doing away with gas lighting or even candles in some cases, and by lighting areas which are currently poorly lit such as those in which mountain users prepare their equipment before dawn. - For the radio-telephone link to activate mountain rescue operations should the need arise. - Increased comfort for users and wardens; some wardens live 6 months of the year in a refuge. - Snow-Melters enabling water to be obtained from snow via the sun, without the use of helicopter-borne energy. Some refuges can only obtain water in this way even in Summer. - Solar energy is also used to heat the warden’s quarters in a refuge which is manned continuously from mid-March to the end of September. There is also a septic tank warmer project. The current state of progress in the programme is as follows: Electricity: of the 23 installations approved, 5 refuges will be equipped with photovoltaic arrays for the production of electrical power in 1988 and 17 are already working. 1 refuge has been equipped with a windpowered generator. - The 7 Snow-Melters provided for in the contract have been installed. - The warden’s heating system has been installed and the septic tank heating system will be installed during 1988.
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 Photo 1
 
 2— PHOTOVOLTAIC ARRAYS AND OTHER INSTALLATIONS 2.1 Photovoltaic electricity Table I summarises the main specification of the installations. Obviously, as the buildings concerned are all different in terms of size, location, the masking effect of the environment (i.e. shadow), etc, and also differ in their power requirements, it is impossible to design a standard system. M.Guerry, consultant engineer, pre-scaled the overall project without visiting each site from maps, plans and photographs of the buildings, and the installers, after visiting the sites for which they were responsible, defined the final sizing. With the exception of 2 sites, all the photovoltaic arrays are, or will be, PHOTOWATTs. These are 40 Wp panels, made up of polycrystaline silicium cells. The modules are of the double-glazed sandwich type as they have to be able to withstand extremely severe climatic stresses (minimum temperature—40°C; maximum wind gust strength: 70 m/s, i.e. 250 kph; maximum snow depth at 300 kg/m2=8 metres; very heavy localised loads due to frost; avalanches and the resulting shockwaves etc). There is also a great diversity in the way modules are attached to the buildings: inclined supports, reclinable supports, supports which can be inclined and turned, attachment to one or two outer walls or the roof. The average 1987 pre-VAT cost for 7 photovoltaic module installations was 78.75 French Francs/Wp. The average 1988 quotation for 4 refuges is 72.50 F/Wp.
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 Photo 2
 
 2.2 Wind-powered electrical generator A type 400/7/24 AEROWATT wind-powered generator was installed in the Tête Rousse refuge at the end of September 1987. This has a 3.2 metre diameter wooden-bladed propellor, the leading edge of which has been specially treated to protect it from intense cold. Its nominal rating is 400 W from a 7 m/s wind. 2.3 Solar Snow-Melter The solar snow-melters built by DATE, in La Motte d’Aveillans (Isère, France) are made with a flat plate collector incorporating a heat pipe and a cone which gathers the snow and is also used as a heat exchanger (Fig. 1). Table I gives the list of sites in which a snow-melter has been installed. Depending on water requirements, different models were selected: FN-100 (1.5 M2 of solar cells), FN-150 (2.3 M2) and FN-250 (4 M2). 2.4 Solar heating A solar heating installation was built at the Argentières refuge to warm the warden’s quarters. It comprises 10 square metres, i.e. 12 DATE flat plate collectors with heat pipes (filled with freon 11). The collectors are inclined 60° from the horizontal and they power two radiators and two 100 litre hot water tanks. In 1988 another heating system, to warm a septic tank, will be built at the Pombie refuge. This is designed to ensure that effluents from the refuge will be better treated.
 
 78
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 Figure 1. Snow-Melter
 
 3. CONDITIONING THE SOLAR ARRAY POWER OUTPUT The Club Alpin Français sections which are responsible for running these refuges make their decisions independently. So as to avoid a great variety of installations, and to ensure optimum relialibity, M.Guerry, the consultant engineer, drew up a list of technical specifications so that installation companies could be consulted for strictly comparable supplies. It is vital to take account of environmental differences on a refuge by refuge basis: - usage: some refuges are only open in summer, and others from March to September; - position: some refuges are in the sun for a long time, both in the spring and the summer, others get little sun in spring. The local climate can mean that the sun shines mostly in the morning or the afternoon, and the presence of a glacier exerts a major influence. Accumulator battery dimensions were calculated to provide 7 to 9 days independent power. There are two types: - 12 V/100 or 105 Amp/hour STECO-3000, CLEMENT NF-75-TEP or FULMEN single unit lead batteries; - Low loss rate OLDHAM or TUDOR static batteries made up of 2V or 6V cells and large quantities of electrolyte. All the storage batteries are protected by a regulation cupboard with a cut-out unit to prevent overloads and total discharge which could reduce battery life. Lower switch-off limits vary from one refuge to another, depending on battery freeze-up risk.
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 Photo 3: internal regulation and distribution
 
 4. DETAILS CONCERNING APPLIANCES USING PV POWER Depending on the refuge, the fluorescent lighting is either 12 Vdc or 24 Vdc. Two refuges have been equipped with external “flashing” lights to help mountain users locate them at night. In one refuge, a small 300 W/220 V inverter has been installed to power small domestic appliances. The wind-powered Tête Rousse refuge has a 1000W/220 V inverter for electric tools. Some 12 and 24 V sockets can be used for small electrical appliances such as radios. Mountain rescue transceivers also work off the PV systems. 5. MONITORING SCHEME Considering the large number of buildings fitted with photovoltaic systems and their relatively low cost, the Club Alpin Français contract with the European Community Commission only included a simplified measurement programme, viz.: - one sunlight exposure measurement by mountain range, in which several refuges are equipped -i.e. the Mont-Blanc, the High Maurienne, the Ecrins and the High Pyrenees; - one amphourmeter connected to each installation just prior to use to provide effective consumption data for each building. The measurement equipment programme is almost finished. CIMEL provided the integrating pyranometers, and ORTHOTRON the amphourmeters. These devices were selected for reasons of cost and technology after consultations with several manufacturers. All devices are fitted with recorders which are read each day, as far as possible, by the wardens. The data are written-as-read onto specially prepared data sheets which are then dispatched for analysis by Mr. Roger in the Physics of Materials Laboratory at Lyon I University. Table II shows 4 figures extracted from the measurement report for the Pelvoux refuge (in the Ecrins range). No measurements are made during the period of the year when wardens are absent.
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 Several amphour meters malfunctioned due, it appears, to overloads and interference from high frequency converters in the fluorescent lighting tubes. This means that it is difficult to draw any valid conclusions from the first year’s measurements, but the programme will continue through 1988 and 1989, after modifications to the faulty instruments. 6. EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING Problems encountered
 
 The main problem encountered was the poor condition of some of the solar panels in 2 refuges which had not been equipped with PHOTOWATT systems. In one case, 7 amorphous silicium panels had been used, and very rapidly 3 of these burst. The supplier replaced the whole unit with double-glazed sandwich amorphous silicium panels. The indoor electrical installations were correctly dimensioned, and have given rise to no problems. Unfortunately, at the Grands Mulets refuge (altitude 3050 metres), we have recently discovered the theft of 6 solar panels out of the 8 fitted. Due to the altitude we had not considered it necessary to fit thief-proof systems. 7. EXPERIENCE OBTAINED DURING THE OPERATION It is not always possible for the wardens to always implement measurements to a systematic time schedule. Warden’s attitudes change from one refuge to another. Some use less energy than others, and thus sometimes the installation seems over-sized. All users and wardensappreciate the comfort derived from the electrical supply. This has led several sections of the Club Alpin Français to envisage the installation, in the near future, of photovoltaic systems in existing refuges and to include them in new ones. The experiment has also been of great interest to the owners of chalets located near our buildings. TABLE I. Installations Refuge Name
 
 Alt m Year
 
 Peak Power Wp
 
 Battery Capacity KWh
 
 V
 
 Snow-Melter HS
 
 ARGENTIERE COUVERCLE ENVERS DES AIGUILLES REQUIN GRANDS MULETS
 
 2771 2687 2520 2516 3050
 
 480 240 80 160 360
 
 12,6 7,6 2,5 5,0 7,2
 
 24 24 24 24 24
 
 FN150 HS1 FN150 FN100 FN100 FN250
 
 1986 1987 1987 1987 1986
 
 Refuge Name
 
 Alt m Year
 
 Peak Power Wp
 
 Battery Capacity KWh
 
 V
 
 Snow-Melter HS
 
 TETE ROUSSE Wind-powered generator CARRO AVEROLE AMBIN
 
 3167
 
 1987
 
 400W
 
 14,4
 
 FN100
 
 2680 2200 2250
 
 1988 1987 1988
 
 240 400 240
 
 6,0 8,2
 
 24 220 24 24 24
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 Refuge Name
 
 Alt m Year
 
 Peak Power Wp
 
 Battery Capacity KWh
 
 V
 
 LA LAVEY DRAYERES PELVOUX MONT POURRI VISO VENS CHARBOURNEOU VALLON PIERRE CHAMBEYRON MADONE DE FENESTRE CAMPANA LARRIBET BRECHE DE ROLLAND POMBIE
 
 1797 2170 2704 2380 2450 2370 2040 2271
 
 1987 1987 1987 1988 1987 1988 1987 1987
 
 400 480 200 320 320 270 160 160
 
 8,2 12,0 5,0 6,0 7,6 6,0 4,8 4,8
 
 24 12 12 24 12 24 24 24
 
 2638 1904
 
 1986 1987
 
 280 240
 
 7,6 5,8
 
 12 24
 
 2220 2070 2575
 
 1986 1988 1987
 
 160 320 320
 
 3,8 8,8 8,8
 
 12 24 24
 
 FN 150
 
 2030
 
 1987
 
 240
 
 12
 
 HS2
 
 Total photovoltaic electricity: 6070 Watts Peak (Wp) HS1: SOLAR HEATING SYSTEM (WARDEN’S QUARTERS) HS2: SOLAR HEATING SYSTEM (SEPTIC TANK) 1988: PROBABLE INSTALLATION DATE: SUMMER 1988
 
 Snow-Melter HS
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 Contract No. SE/520/84 ROSEMOUNT DOMESTIC PHOTOVOLTAIC SYSTEM G.T.WRIXON, S.MC CARTHY and M.HILL National Microelectronics Research Centre, University College, Lee Maltings, Prospect Row, Cork, Ireland. Summary The Rosemount Domestic Photovoltaic System is a 5.5 kWp PV system which is used to supply electrical energy to a domestic residence at Rosemount, Farnanes in County Cork, Ireland. The system was installed in December 1986. It is connected directly to the utility grid via a 5kVA line commutated inverter. A maximum power point tracker is used at the input to the inverter. This ensures that the maximum amount of PV energy is converted into useful AC energy. The system operates automatically and a data monitoring unit using the CSS-800 single board computer is used to record hourly averages of system data. The system operation had some initial problems after installation but these have now been eliminated. 1. INTRODUCTION The Rosemount Domestic Photovoltaic System consists of a 5.5kWp PV system which supplies electrical energy to an existing residential system. Figure 1 shows the overall layout of the system. It consists of a 5. 5kWp PV array, and a 7kVA line-commutated inverter. No batteries are included. The output of the inverter is connected directly to the utility grid. The PV array is located on the roof of an adjoining shed and the power conditioning equipment is located under the shed. The meteorological equipment and lightning protection equipment are also located on the roof of the shed. Power lines and signal cables are fed from the shed to a room at the rear of the domestic residence. In this room the power lines are connected to the utility grid and the signal cables are connected to the microcomputer system. The system manual, log book and spare parts are also stored in this room. 2. PHOTOVOLTAIC ARRAY The PV array consists of 144 modules (type PQ 10/40/01). There are nine parallel strings each with 16 modules connected in series. The array performance to date has been satisfactory with no major problems being encountered. Figure 2 shows the array output over the last 8 months and Figure 3 shows the variations of array efficiency over that period. The variation of array power with incident irradiation is illustrated in Figure 4. This data indicates very satisfactory array performance to date. The cost of the array was 37,714 ECU i.e. 6.82 ECU/Wp.
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 Figure 1: Block Diagram
 
 Figure 2: Average daily array energy output
 
 3. POWER CONDITIONING Power condition is achieved using a 7kVA line commutated inverter and a MPPT controller. Figure 5 shows the layout of the power conditioning system. The control strategy is simplified by the absence of storage. The line commutated inverter automatically shuts down in case of utility grid failure. The house also has a back-up diesel generator for supply during utility grid failure. This unit is completely separate from the solar generator utility connection. It is connected into the circuit by a two pole power switch located in the control room. This is illustrated in Figure 6.
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 Figure 3: Variation of array efficiency
 
 The inverter performance over the last eight months has been very reliable and operates at a high efficiency. Figure 7 shows the variation of inverter efficiency with DC power input. Figure 8 shows the DC power input and AC power output for the period. 4. DETAILS OF PV USER APPLIANCES The main appliances are washing machine, dish washer fridge, freezer and lighting. During the summer months the mean daily load demand is 22kWh and during the winter months it increases to 32 kWh. Before the installation of the PV system the equipment was used at irregular intervals. Since the PV system was installed some activities such as washing are done around mid-day. 5. DATA MONITORING The data monitoring system uses a standard CMOS microcomputer system (CSS-SYS 800) and a standard programming language CP/M 80. Data from the transducers is inputted through 16 analog channels each with a 12 bit resolution. The calculated values of energy are stored on standard 51/4 inch floppy disk. The disk format is unsectored and data is sequentially stored on tracks. This is then read in sequence from the disk on a PC using Turbo-Pascal programmes. Below is a flow diagram for collection of data. Sample points every 5 secs. Average over an hour store to disk Read from disk into sequential IBM Compatible file
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 Figure 4: Variation of array power with incident irradiation
 
 Figure 5: Power conditioning circuit
 
 Transfer into file with recommended data format 5.1 MONITORED DATA Two types of data are monitored - metroeological data - system data. The meteorological data consists of ambient temperature and planar irradiation. The system data consists of:
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 Figure 6: Back-up generator connection
 
 Figure 7: Inverter efficiency variation as a function of DC power input
 
 - PV array current and voltage. These are used to calculate the PV array energy. - AC energy to/from utility grid. - AC energy to load.
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 Figure 8: Average daily array output energy and subdivision of energy flow to loads and national grid. Note that the difference between total energy generated and useful energy is due to inverter efficiency
 
 5.2 DATA ANALYSIS POLICY Data from the Rosemount project is analysed at JRC (Ispra) and at the NMRC. The objectives of the data analysis program are firstly to verify the operation/calibration of the measuring points and secondly to give an immediate monthly summary of system operation. To do this data to be analysed is read into a database structure. From this information totals, averages, indices of performance could be extracted. The program is designed to operate on monthly blocks and generate monthly reports including an energy summary, efficiency calculations, maximum and minimum values of energy and voltage and a list of parameters found to be out of bounds. (Figure 9 shows a program flowchart). 6. EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING During commissioning it was impossible due to low isolation levels to initiate MPPT operation. The NMRC agreed with AEG that they would only commission the inverter under realistic operating conditions. During high irradiation periods it was found that the MPPT was not operating. To avoid the loss of the potential energy available from the array the system was reset to operate at constant voltage. The problem was the result of a sudden voltage drop at the MPPT card input during switch-on. This drop caused array voltage to be below the minimum operating point and automatic array shut-down. This problem was rectified in September 1987 by placing a voltage smoothing capacitor across the MPPT inputs. The other major problem encountered in installation and commissioning was designing the system to meet the safety requirements of the utility grid. The main criterion was to ensure that the system was automatically disconnected from the utility grid when pre-defines limits of voltage and frequency were
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 Figure 9: Flowchart of Database program for Rosemount Project
 
 exceeded. This was overcome by providing AEG with the detailed safety specifications and by building these into the system.
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 Figure 10
 
 7. EXPERIENCE DURING OPERATION During system operation a number of unexpected problems were encountered. Lessons learned from these problems will prevent their reoccurence and safeguards against future loss of data or operating time have been installed. The problems were: - Loss of monitored data. This was due to a fault in a voltage transducer card, which has been replaced, and a fault on the A/D input card. The latter was due to a poor connection from this board to its neighbouring board which has now been improved. As these faults resulted in a significant loss in data, integrating energy meters have been installed to prevent this happening again. - The interconnection boxes on the roof have phlanges exposed directly to the wind and rain. As a result water has been collecting in the boxes. This is being removed and the units are being resealed. - High winds have bent some module fasteners and loosened the modules. These fasteners are to be replaced. (Figure 10). - Noise interference with AM radio reception in the house is currently being investigated. All these problems have been or are currently being eliminated and system operation is currently satisfactory. 8. CONCLUSIONS The Rosemount domestic photovoltaic system is a good example of how experiences from a PV pilot plant are incorporated into a PV demonstration project. In this case the experiences from the Fotavoltaic Project are used in the system design and in the operation and maintenance of the system.
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 The project results to date have been limited by the loss of data. However data over the last eight months has given some very useful results. The sub-system and system efficiencies are high and overall operation at MPP seems very satisfactory. The results also indicate an increase in load demand but since the information has been given to the residents some loads are being rescheduled to operate at mid-day. With more monitoring of data the system will provide valuable information to examine factors such as: - the reliability and performance of grid connected PV systems. - the feasibility of using PV systems to supply the energy demands of domestic residences at Northern European Latitudes. CONTRACT SE/138/85—I PV POWER PACKAGE FOR THE “ISOLATED DWELLINGS” PROJECT A.Previ ENEL-CREI-Via A. Volta, 1 Cologno Monzese (MI)-Italy ABSTRACT In the framework of the EEC-DGXVII policy of encouraging the use of photovoltaic energy for users in remote regions without electrification, ENEL has created a modular photovoltaic plant. This plant consists of a stand-alone PV generator integrated by a solar-water collector: the user can benefit from electric energy and hot water. The potential electric energy production of the PV generator at its basic power rating (350 Wp) is about 500 kWh/year. Bigger yearly energy demand can be accomplished suitably increasing in power rating of the array. The system itself has been conceived as a self-assembly package that requires little or no maintenance once assembled (in itself a simple task). The DC current produced will be used to power low consumption household appliances such as fluorescent lamps, 100 litre fridges, water pumps and televisions. Thirty of such plants will be installated in the Stromboli island before November, 1988. 1. MAIN COMPONENTS OF PLANT The plant consists of the following main components: -
 
 The photovoltaic array Control switchboard Storage battery Domestic distribution system with appliances Solar water-heater
 
 Fig. 1 gives a block diagram of the plant, at its basic configuration (350 Wp).
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 2. MECHANICAL STRUCTURES The steel-galvanized module support structure (Fig. 2) consists of a parallelepiped-shaped basic frame on which another frame, the module-rack, is fixed. The user can manually incline the surface containing the modules at an angle of 30° or 60° (seasonal adjustment). This structure is designed to take between 4 and 10 photovoltaic modules (3–5 m2), with a maximum height from the ground of about 2 m. The cabinet with the controls is located behind this structure, against the parallelepiped-shaped frame. The accumulators are contained in a specially-designed container, which can also be fitted inside the basic structure. Foundations consist of a small concrete platform laid on the spot. Bolts are sunk in this platform and protrude, so that the flanges of the base structure can be fitted on to them. A second type of module-bearing structure with a single-pole support (height from ground: < 3 m) is designed for sites for which the structure previously described is unsuitable. 3. DESCRIPTION OF MAIN COMPONENTS 3.1 The photovoltaic array consist of PV modules of the same power (about 45 Wp). The number of modules used, which depends on the amount of the energy needs of the consumer, ranges from 8 to 16, corresponding to a peak power of between 350 and 700 W approx. The modules are set in one or two supporting structures (described above), and are connected electrically in series of two— and therefore in parallel—supplying a rated voltage of 26 V and a max no-load voltage of 42 V. 3.2 The cabinet containing the controls (fig. 3) is made of fibreglass, and measures about 800×400×1200 mm. It serves to control the battery charge in two different ways, which will be compared during experimental work. A series of plants is to be set up with two-step electro-mechanical regulation, wich will provide cut-out of one half or the whole of the photovoltaic array, based on battery voltage. In some cases, control will be exercised by means of a built-in electromechanical logic, and in other cases via a microprocessor with programmable logic. Another series of plants will be equipped with electronic chopper regulations, with continuous control of the battery charge current. The second function performed by the cabinet is control of battery discharge (Vmin), in accordance with two levels of priority. In this case the load is gradually disconnected. The cabinet also contains disconnectors, surge protections, sensors and transducers, and can also house a data acquisition system (fig. 4). (1) The DAS can assure a global monitoring of the operation of the plant. Analytical monitoring can be performed adding a data logger to the above mentioned unit. 3.3 The bank of accumulators is of the semi-stationary lead-acid type, and consists of thirteen 2-V elements, connected in series (rated voltage, 26 V), with a C10 capacity of about 350 Ah. The battery has been designed to ensure reliable operation of the plant, even during four or five days of low insolation. The unusual number of elements (13 instead of 12, for a rated voltage of 26 V) is due to the need for better coupling of the V-I characteristics of the photovoltaic modules normally available on the market to the battery: in other words, to obtain the maximum possible power from the PV generator.
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 3.4 The user equipment consists of the domestic electricity supply in 26 V d.c., and is designed for about 6 lights in the form of fluorescent tubes with high-output converters (Vin=26 V d.c., Vout=500 V a.c., 30 kHz), a small waterpump, and outlets for a TV set and low-powered domestic appliances, (fig. 5 and 6) In addition, provision is made for a d.c. powered refrigerator, using a dedicated line and operating on the heat storage principle. For more efficient power utilization, the compressor operates during the daytime, while a thermal storage, rather than electrochemical storage, ensures that the refrigerator remains cold during the night-time. 4. PERFORMANCE OF THE PV PLANT The basic 8-PV module unit is capable of supplying electricity for the aforementioned type of consumer, based on expected consumption of about 1 kWh per day. This daily energy is supplied with 100% of reliability unless the meteo situation is exceptionally unfavourable. CONCLUSIONS ENEL, the Italian state-owned electricity authority, is engaged in developing small stand-alone PV plants to supply rural users far from the grid whose energy requirements are extremely low (1000 kWh/year) (2) (3) (4). To this end a PV power package has been designed, constructed and tested by ENEL: thirty of such generators will be installed for experimental and demostration purposes in the Stromboli island to supply rural users at present without electric service (fig. 7). This installation is financially supported by EEC-DG XVII. REFERENCES 1 2 3 4
 
 () Brambilla C. and Iliceto A., A low-cost measurement and data acquisition system for small PV power plants. 8th EC Photovoltaic Solar Energy Conference, Florence, May 1988 (under publication). () Previ A. and Taschini A., Photovoltaic plants as a means of supplying electricity to isolated dwellings. 5th EC Photovoltaic Solar Energy Conference, Kavouri (Athens) Oct. 1983, pp. 274–280. () Belli G. and Iliceto A., The photovoltaic plants of Orbetello and Zannone. 7th EC Photovoltaic Solar Energy Conference, Seville Oct. 1986, pp. 245–249. () Belli G., Iliceto A. and Previ A., PV plants for alpine huts: installation and operating experience at seven ENEL plants. 8th EC Photovoltaic Solar Energy Conference, Florence, May 1988 (under publication).
 
 CONTRACT NO SE/507/84 SOLAR WIND COGENERATION FOR URBAN RESIDENTIAL USE A Dichler, P R Wolfe Solapak Ltd, Factory 3, Cock Lane High Wycombe, Bucks HP13 7DE UK The Solar Wind Cogeneration Project at Milton Keynes, UK was reported in detail at the second contractors meeting (1). However an outline of the project and the equipment used is given therein for completeness and attention is drawn to points of particular interest gained through operational experience.
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 Fig. 1—Electric lay-out of the PV package
 
 Fig. 2—PV power package-Comprehensive view
 
 In addition attention is drawn to what might be a less well appreciated part of the project. That is the architectural integration objectives (2) and the study of environmental impact of this “alternative” technology installed in an urban environment.
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 Fig. 3—Control switchboard
 
 1.0 INTRODUCTION The system installed at Milton Keynes uses power derived from a solar array and wind turbine to feed nine residential houses installed on a site known as the Energy Park. This development area has been specifically targeted for the demonstration of housing stock with low energy needs, and against this background of architectural innovation, it is very appropiate to consider the alternative forms of power generation which, in the context of placement in an urban environment, needs to be as unobtrusive as possible, both visually and electrically. In the UK, wind availability in winter can be up to 5 times higher than in summer, whilst solar availability can be 8 times higher in summer than in winter. With the average winter energy demand being
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 Fig. 4—Data aquisition system
 
 about double the summer demand, a mix of complimentary cogeneration devices should be able to meet the required summer winter profile. The scheme is configured so that the 4.6kW solar array and 22kW wind turbine feed into the Energy Management Centre where the energy is then distributed to the various main loads: - AC power to the 9 houses from an inverter System sizing has been established to meet a proportion of the total housing energy demand so AC power export to the grid from the scheme has not been facilitated. - AC heating load in each of the 9 houses direct from the wind turbine and to the ‘intermediate’ loads: - Battery charging from solar and wind turbine - AC dump load selectively applied to the wind turbine at times of no housing demand and with battery full. Aims of the project are to: - show how solar and wind regimes can provide complimentary generating capacities without interseasonal storage. - implement a scheme that provides AC power to the housing load in such a way as the ‘source’ (solar/ wind or grid) is transparent to the householder - integrate this new technology into a mainland urban environment - evaluate the availability and utilisation of the scheme - examine and identify improvements to system and sub-system control mechanisms - determine how similar principles can be adopted, with different summer/winter, solar/wind profiles in other areas of the world.
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 Fig. 5—Low-consumption household appliances
 
 The control logic gives priority to the solar/wind system at all times. In normal operation housing load is transfered to the mains grid only when inverter rating is exceeded or when the battery is discharged. The 9 houses were completed and occupied by June 1987 since when demonstration and engineering trials have been undertaken, and the monitoring system validated. 2.1 PHOTOVOLTAIC ARRAY In order to gain the architectural integration desired for this scheme, the solar modules were specifically designed to fit into the conservatory of the dwelling houses. The builder agreed to orientate the houses so that the conservatory rooms faced true south so that maximum solar gain could be achieved. It was also important to ensure that no special on site procedures were required to install the modules and achieve a water tight assembly. The modules were therefore designated to directly replace the glass panels of the fixed pitch roof, and standard glasing bars, sealed with mastic compound have provided good water resistance. Cable connections to the modules are masked behind a facia board stained to match the other wooden elements of the conservatory structure. This facia board also affords additional personal protection from the
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 Fig. 6—Fluorescent lamp with converter
 
 relatively high 110V dc array operating voltage. Feed cabling from the array is taken through the wall cavity then run underground to the Energy Management Centre so neither array terminals nor cabling is accessible by the householders. This assembly method provided for easy installation and the array has been producing good results since its installation. In addition to the arrays on each of the 9 houses, an additional 2.6kW solar array is mounted on the roof of the Energy Management Centre which has been designed to respresent a double garage complete with pitched tiled roof. The roof modules are assembled onto horizontal tubular supports which span the width of the building (orientated E-W) and fit into standard industrial bearings at each end. Five such assemblies are mounted on two steel bearer channels supported by brick piers at the four corners of the building. This has proven to be a very effective way of roof mounting arrays without jeopardizing the roof waterproofing, and at the same time allowing for easy seasonal tilt adjustment. The modules are distributed as follows: 4×70 Watt modules in each of 5 two bedroom houses 5×59 Watt modules in each of 4 three bedroom houses 25×80 Watt modules on the Enery Management Centre (EMC). Module cost Module Development EMC roof structure Conservatory structure
 
 : : : :
 
 £32,000 (£7.15/Wp) £8,000 £2,000 Free
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 Fig. 7—Stromboli island (Messina) —Ginostra hamlet to be electrified
 
 No problems have been encountered with any of the modules, but because of the final positioning of the houses by the builder, some shaddowing has been experienced. 2.2 SOLAR CONTROLS The modules in each of the houses are wired in series and each house is cabled back to the EMC separately. These 9 strings together with the 5 strings from the EMC roof mounted array are fed to 14 separate Regulator switch Regulator control Battery monitor
 
 -14 off series FET with blocking diodes -opto isolator on each switch for voltage isolation from control drivers -cascade operation -separate battery voltage and temperature sensing -high volts signal -low volts signal -load cut signal -interface to power conditioning.
 
 The solar controls have worked faultlessly since instalation.
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 3.0 WIND TURBINE GENERATOR (WTG) Configuration Rating Rotor diameter Hub height Tower Safety mechanisms
 
 : : : : : :
 
 Upwind horizontal axis machine with ac generator 22kW at 12m/s 6m 18m Tubular two section tower -Wingtip air brakes -Shaft mounted disc brakes released by compressed air
 
 -10 automatic internal status checks including vibration, cable twist, overspeed Control mechanism: -Main rotor turned into wind by pair separate ‘fantail’ rotors -Start up by wind speed detection. Power start provided for this location initiated at 6m/s windspeed -Rotation speed governed by automatic multistage control pick up or dumping electrical load. The power start feature has increased the power output from the WTG by approximately 24% with measurements made so far. This is expected to increase towards the predicted 30% during the evaluation period, subject to windspeeds experienced. 4.0 POWER CONDITIONING, STORAGE, BACK UP SUPPLY AND CONTROL STRATEGY 4.1 Storage Nominal Voltage Number of cells Cell supplier Cell Types Capacity Recommended Float Solar Regulator Setting
 
 :220V dc :110 :Tungstone Batteries Ltd, UK :Tubular Low Loss Flooded Cell Type TX56 :132kWhr (600Ahr) at C10 rate :2.23Vpc :2.4Vpc
 
 The battery has suffered a repeated number of discharge cycles during the period since June 1987 being recharged normally from the solar/wind scheme which has brought the battery back to 2.4Vpc satisfactorily and without noticable water loss. However to achieve full capacity within a reasonable duration mains charging has been found to be necessary to 2.5/2.6 Vpc. This higher setting was anticipated in previous reports (1) and is expected to be repeated during periodic equalising charges.
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 4.2 POWER CONDITIONING UNIT AND BACK UP POWER SUPPLY The nature of the users in this scheme meant that breaks in supply when changing between the solar/wind scheme and mains grid, or vice-versa could not be tolerated nor could variations in supply frequency be accepted. In fact it was considered important that as far as the user was concerned, the source of power should be as transparent as possible. This led to the choice of a UPS system as offering the most satisfactory solution, where a static switch is used to perform the no break changeover function between the solar/wind scheme and the mains grid. The UPS system also incorporates a 3 stage 30 Amp battery charger which can be fed either from the wind turbine, or from the mains grid by operation of an external manual switch. Nominal Inverter Rating: Inverter: Supplier: Bypass Rating (Grid): Battery Charger: Nominal Working Range: Fault/Overload Protection:
 
 20KVA Self Commutated Transistor PWM Type Powernetics Ltd, UK 65KVA 3 steps of 10 Amp/step controlled externally from wind generator 185–220V dc Automatic
 
 During normal operation the inverter output to the housing load is synchronised to the grid frequency. If the grid fails the inverter will continue to run with a frequency determined by an internal crystal. If the battery becomes depleted or the load is in excess of the inverter rating (other than short term overload), then the bypass switch will transfer the housing load to the grid supply without break. A separate manual switch allows the housing load to be transfered to the grid supply in case of emergency. This has not yet been used. There were initial problems with achieving correct operation of the static switch due to modifications required by the electric utility. However this has now been corrected and the system is operating without problem providing AC power derived from the batteries or changeover to grid satisfactorily. 4.3 CONTROL STRATEGY The System Energy Flow Diagram is given in Figure 1. During normal operation: - battery is charged from solar array - wind turbine feeds power in priority according to the instantaneous output power -
 
 into the battery via the 3 stage battery charger into the inverter into the heating load into the ac dump load
 
 - inverter feeds ac power to the housing load No wind turbine output—inverter runs until battery partially depleted. Grid failure—inverter starts and runs until grid restores or battery fully depleted.
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 Housing load transfered to grid
 
 -when inverter shut down -inverter overload.
 
 This strategy is intended to find an optimum match of energies from solar and wind, and provide good supply efficiency and safety. It is intended to give both good systems availability and energy utilisation. The control method works satisfactorily but the system has not yet been working for a sufficiently long enough period to allow correlation and interpretation of the data obtained to date. 5.0 USERS APPLIANCES The scheme has been designed to cope with all normal domestic equipment and apparatus. 6.0 MONITORING SCHEME A schedule of the monitored parameters is given in the following table (Table 1). A Prolog 1680 data logger records data for downloading to a Zenith PC at 2 hourly intervals. This raw data is checked for range and assembled into two data sets; one suitable for importing into a “Symphony” spreadsheet; the other is organised according to JRC ISPRA requirements. 7.0 EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING No major problems were experienced with the power equipment during installation with the exception of the modifications required by the electricity board. The main objective was to ensure that the bypass switch was safe in operation, and would disconnect the grid automatically in the event of false switching. This change of design caused subsequent false switching of the inverter and bypass units but has now been corrected. The monitoring system took longer to install than was envisaged and there is still one residual problem relating to the measurement of inverter input power. Laboratory instruments are available for this application but do not really offer a cost effective solution in the context of this project. A suitable unit has now been designed by the Open University who are conducting the monitoring sub-contract. 8.0 EXPERIENCE OBTAINED DURING OPERATION Solar modules and controls and the battery store have operated as expected and meet specification. One of the wing tip air brakes on the WTG progressively failed to reset and several attempts were required over an extended period of time, to correct this. This problem has not reoccured during the last winter period so is considered solved. During operating trials it was found that the WTG was capable of generating up to 30–33kW (30% above specification). This caused frequent machine overspeed alarms to occur when the housing load was low, especially in gusting wind conditions. The output pulley ratio was subsequently changed to bring the output power back to the design figure.
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 A filter and power factor correction capacitors have been added in the inverter output circuit to attenuate carrier ripple found to be present on the 50Hz waveform. This ripple was causing digital clocks to run fast, and interfered with washing machines and audio equipment, etc. Table 1 Channel No EEC Symbol
 
 Parameter measured Scale Offset
 
 Conments
 
 Hr/Min Averages
 
 00
 
 IG
 
 Insolation Horizontal (kW/m2)
 
 /485 +16
 
 Hr
 
 01
 
 IA
 
 /1188 +3
 
 02
 
 VM
 
 Insolation (array plane) (kW/m2) Wind speed @ 10m m/sec
 
 OK-also printed hourly on Kipp & Zonen OK
 
 1.25/60
 
 OK
 
 Min
 
 03 04
 
 Overflow for 02 VD
 
 0.1
 
 OK
 
 Min
 
 05
 
 TA
 
 0.1
 
 OK
 
 Hr
 
 06 07 08 09
 
 TC Not used (faulty) EA JAP
 
 Wind direction (degrees) Temperature (ambient) Temperature (array)
 
 0.1
 
 OK
 
 Hr
 
 OK OK
 
 Hr Min
 
 10
 
 JAM
 
 OK
 
 Min
 
 11
 
 UDC (=UB)
 
 OK
 
 Min
 
 12 13 14 15
 
 UIIT UAP UAM ELAC (1)
 
 OK OK OK OK
 
 Min Min Min Hr
 
 16
 
 ELAC (2)
 
 OK
 
 Hr
 
 17 18
 
 EG JCO
 
 OK OK
 
 Hr Min
 
 19 20 21
 
 JBO
 
 OK OK OK
 
 Min Hr
 
 22
 
 ERCI
 
 OK
 
 Hr
 
 23
 
 EGRI
 
 OK
 
 Hr
 
 EGCI
 
 Array Energy 2(1 pulse per 2Whr) +ve side array /25 −3 current −ve side array −25 current array/battery 0.2 voltage Inverter input 0.196 +ve array voltage 0.101 –ve array voltage 0.09965 Energy to heaters /32 kWh Energy to back/32 yard dumpload kWh WT output kWh /32 Battery (JSH1) 0.0798 I sol Amp current Output current 0.0798 Isol Amp Status Channel Wind to charger /2 kWh Mains to Charger /2 kWh Wind to Inverte /2 Rectifier kWh
 
 Hr
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 Channel No EEC Symbol
 
 Parameter measured Scale Offset
 
 Conments
 
 Hr/Min Averages
 
 24
 
 ETIO
 
 /10
 
 OK
 
 Hr
 
 25
 
 ERAO
 
 /10
 
 OK
 
 Hr
 
 26
 
 ERMO
 
 Inverter Total to housing load kWh Automatic Mains to housing load kWh Manual Mains to housing load kWh
 
 /10
 
 OK
 
 Hr
 
 /22 0.2 0.25
 
 NOT USED OK OK OK
 
 − − Min Min
 
 27–29 30 32 33
 
 JIIT JLAC3 ULAC3
 
 Inverter Input Output AC current Output AC vol tage
 
 Notes 1. Channel Numbers 21–26 incl. data derived from kWhr meter. 2. Channel Numbers 24–26 incl. switched o/p from single meter to ‘bin’ individual energies. 3. Channel Numbers 32 and 33 are back up for 24,25 and 26.
 
 Considerable difficulty was experienced with the monitoring equipment. The data logger returned very poor results initially with corruption noticable on much of the data. In addition file transfer to the computer required extensive error checking and correcting routines to be installed in software. However data was not lost completely though there are gaps in the early records. After extensive investigation by the Open University the logger itself was found to be in error, and replacement seems to have resolved this such that a high degree of confidence now exists regarding validity of the data collected since January 1988. The project may appear to have been beset by problems, but, considering the nature and complexity of the undertaking, were not excessive. All but one (inverter input power measurement) appear to have been solved satisfactorily. Results of the environmental survey were encouraging. The arrays and appearance of the wind turbine prove to be acceptable, but noise generated by the WTG is giving rise to some concern and this is being studied further. Reference 1 2
 
 () Solar/Wind Cogeneration For Urban Residential Use A Dichler, P R Wolfe, R G Ardrey and G A Boyle, Proc of CEC Second Contractors Meeting, Brussels, 1987. () Solar/Wind Cogeneration For Urban Residential Use A Dichler, P R Wolfe. Proc of 8th Photovoltaic Solar Energy Conference, Florence, 1988.
 
 Contract No. SE/280/85 “Small Grid-Integrated Photovoltaic System Using a Novel Inverter Type” Dipl.-Ing. Theo Weirich
 
 Figure 1 System Energy Flow Diagram
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 Stadtwerke Saarbrücken AG Summary The grid integration of photovoltaic systems poses a particular problem in decentralized power generation due to the fact that hardly any economic efficiency seems feasible at present due to as yet high costs and strong susceptibility to weather conditions. Thus, the object of this project is to show how photovoltaic systems can be employed to supplement the requirement characteristics of the public grid and contribute to covering power requirements and the conservation of resources. The basis for this is to be created by Stadtwerke Saarbrücken AG* drafting a suitable purchase and supply contract. 1. Introduction The project is designed to demonstrate the application of photovoltaic systems for private households with a standard grid hook-up. The dimensioning of the photovoltaic system has been done in such a manner so that more than 2/3 of the solar electricity generated can be fed into the public grid. By improving system components, using standardized products, combining supplementary energy-saving measures and a corresponding assessment of the solar electricity fed into the grid, the economic efficiency and as a consequence the market prospects for photovoltaic systems can be improved. During the realization phase, this project already indicated a positive prognosis for other similar projects. The advantages offered by grid-integrated photovoltaic systems for urban areas are as follows: - electric power generation for supplementing the public grid, in particular during times at which demand is high, - a free, unlimited source of primary energy and thus a major contribution to resource conservation, - absolutely no emission of noxious substances, no noise pollution or other environmental pollution, a major advantage in highly populated areas, - high reliability, little maintenance and long serviceable life. In this demonstration project solutions for the following areas are proposed, tested in practice and their behavior empirically documented. These areas are as follows: - Architectural integration of a sizable solar generator surface in a single-family dwelling. The space requirements of the module amount to ca. 100 m2, due to the high peak output of 7,680 kW. - Roof construction with the modules completely covering the roof area. Special sections are used, which allow for puttyless installation. - Fully electronic conversion of direct current into alternating current. A high degree of efficiency is attained by optimally interconnecting the solar modules with the novel fully electronic inverter, especially in partial load areas.
 
 * Saarbrücken Utility Company, also referred to as “Saarbrücker Stadtwerke”
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 - Grid coupling via the service connection line. The public grid serves as the supplier for additional electricity required (during operating periods in which generation is either weak or non-existent) and as the purchaser of excess solar electricity which the household cannot utilize. A suitable electric power purchase and supply contract governs grid integration. - Energy-saving household appliances. In the demonstration household appliances are used which have a low installed load and power consumption. Low-temperature heat requirements of the washing machine and dishwasher are met by the central heating system (hot water). 2. Photovoltaic Array 200 modules manufactured by AEG (type PQ 10/40/01) were selected for covering the planned output of 7, 680 kW. A roof area measuring ca. 100 m2 was required for this number of modules. The roof is inclined towards the south at an angle of 35°. An essential aspect in this connection, also in the true sense of the word, is the installation, placement, configuration or accommodation of the solar cells on the roof. The following criteria are of paramount importance: a) Costs of the girder construction. The costs of the girder construction account for a large portion of the total costs. A reduction in costs can be achieved by employing suitable ideas and solutions in this area. b) Weathering quality. Thermal stability and resistance against moisture and other weathering influences are the prerequisites for a durable, maintenance-free or easy-to-repair, secure and leak-proof roof girder construction. It is for this reason that an aluminium girder construction with special profiled coping has been planned for this project. c) Compactness of the overall design The entire girder construction along with the module and profiled coping are designed to be completely sufficient as a roof covering as well as comparable to a conventional roof. An additional subroof is thus superfluous. d) Placement and installation costs for the solar modules The placement and installation costs can be considerably reduced as a result of the girder construction. Particularly in attic areas undergoing extension/finishing work the placement and installation operation has to be coordinated with the electric cabling and wiring. This can be optimized by a suitable girder construction configuration or profile selection. e) Integration (architectural and structural) The architectural and structural integration of solar cells is an essential factor in view of the acceptance of photovoltaic systems. Taking the criteria mentioned above into consideration, standard clamping sections have proven ideal. The sections are also often used for glass and plastic roofs or coverings and have been employed in various forms for some years now. Visits to project sites (ca. 10 installations) have made for a positive impression.
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 3. Power Conditioning The wiring of solar modules is determined by the electromotive series (with binary configuration) of the inverters used. Two inverters developed by the Fraunhofer Gesellschaft in Freiburg are used which are directly coupled with the grid, each with a rated load of 4 kW. The input voltages, in binary combination, are as follows: Phase 1: Phase 2: Phase 3: Phase 4: Phase 5:
 
 16 V 32 V 48 V 96 V 176 V
 
 (1 module in series) (2 modules in series) (3 modules in series) (6 modules in series) (11 modules in series)
 
 By a corresponding parallel connection of the phases, power is distributed between both of the inverters. Figure 1 shows the circuit diagram for the solar modules and inverters. 4. Details of Photovoltaic User Appliances The entire power supply of 220/380 V A.C. to the house is effected by a traditional installation. Measures have been implemented by which electricity has been substituted for heating purposes and for meeting the low-temperature requirements by the hot water supply to the central gas heating system. In addition, only energy-saving household appliances are used. The measures taken are as follows: - Installation of a washing machine with a hot water connection to the domestic hot water of the central gas heating system. - Installation of a dishwasher with the same connection. - Installation of a gas range. - Use of a dryer with a moisture sensor. The installation plan is shown in Figure 2. 5. Monitoring/Data Logging The data to be logged using sensors is shown in Figure 3. A multiplexer with a multimeter is used which is connected to and controlled by an IEC bus controlled by an IBM-compatible PC. 6. Experience Acquired during Installation and Commissioning In planning the building and designing the solar roof (shown in Figure 3), which has an influence on the entire building, the building was integrated into the surrounding area in a harmonious manner by giving
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 consideration to roof slope, reflection reduction, increased utilization, passive solar energy, perception and many detail items. The solar modules are integrated in the roof construction, completely covering the roof area. An additional subroof was thus unnecessary. The roof construction and girder sections were supplied ready for installation by a metal construction company. Standard clamping sections were used as girder sections or profiled coping. The cabling of the modules and connection of the supply lines had to be coordinated with the installation of the structural system due to the finishing work done in the attic area. This work was done by an electrician. 2.5 days were required for the entire installation work including inspection. 6.1 Test Criteria for the Solar Modules Higher voltages are achieved as the result of the particular circuit configuration of the solar cells, voltages which can lead to complications during operation in connection with insufficient insulation resistance (e.g. flashovers, short-circuiting etc.). This circumstance requires that the insulation of every module supplied be tested, with the insulation resistance being measured as follows: a) The module is submerged in a pool of warm water with a temperature of 25° C for 15 minutes (except for the terminals). b) The insulation resistance is measured using a special high-voltage insulation tester from the plus (+) plug connection and from the minus (−) plus connection to the frame. (These test conditions can actually be present after a shower on a warm summer day.) If the insulation resistance of the module amounts to less than 25 megaohm, then the module is not suitable for use. 7. Experience Acquired during Operation No changes in insulation resistance and the capacitance measurement of the solar facility could be detected 6 months subsequent to installation. However it was shown that in the circuit layout of the solar modules the lower voltage groups (16 V and 32 V) were insufficient for the operation of an inverter at an optimal operating point. Using the reserve modules installed, a correction of the circuitry could be carried out in an easy manner. The trial run of the entire facility has completed its 3rd week; it was found to function in a satisfactory manner. CONTRACT NO SE/412/85 PHOTOVOLTAIC HOUSE SUPPLY FOR DECENTRALIZED RELIEF OF MAINS SUPPLY H.HULLMANN* and K.P.MAASS** *Institut für Industrialisierung des Bauens Postfach 21 0560, D-3000 Hannover 21
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 Fig. 1: Photovoltaic Array with connected inverter
 
 **AEG Aktiengesellschaft Fachbereich Neue Technologien, Raumfahrt Industriestraße 29, D-2000 Wedel/Holstein SUMMARY Three industrially fabricated single family houses at different locations in the Federal Republic of Germany have been equipped with systems for decentralized relief of mains supply. The purpose of the project is to demonstrate as well the structural and architectural integration as the systems approad of the plants. The integration has been carried out in 1987 and early 1988. 1 INTRODUCTION The systems for photovoltaic energy transformation and decentralised mains relief are integrated into industrially produced residences. The purpose of the project is to demonstrate the structural as well as the systems approach integration of the plants at three different locations and under varying marginal conditions. In Europe the electric supply companies are faced with varying degrees of requirements, depending on the region, to provide power at certain times of the day.
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 Fig. 2: Installation of Equipment
 
 Fig. 3: Monitoring System
 
 Due to these conditions and to economical points of view, industry has to adapt its production processes and their corresponding power requirements to the mains profile. In the private household field, the proportion of electricity consumers will steadily rise. Here the present load already on the mains will constaintly increase at certain peak load times. Reducing the peak loads leads to the reduced use of peak load power stations (oil power stations and gas turbine sets) and can thus make a contribution to reducing imported primary energy carriers. The proposed concept offers a decentralised solution for regional problems.
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 Fig. 4: Solarhaus Saarbrücken
 
 The concept consists of a solar electric power supply which is constantly synchronous with the local public mains and the consumer group (e.g. detached house). The energy or power is not fed into the mains but is only made available to the consumer group when the consumer supply exceeds a predefined supply level which has been guaranteed to the supply company. This is leveled with sensitiveness. Furthermore during power failure the consumer group is further supplied with electricity independently for a/h certain period (depending on the battery capacity). For demonstration three residences have been equipped with photovoltaic systems for decentralized relief of mains supply. The locations of the three houses are: - D-3216 Salzhemmendorf-Lauenstein - D-7829 Friedenweiler-Rötenbach - D-1000 Berlin (see fig. 1) For the house at Salzhemmendorf-Lauenstein the generator had been integrated into the roof already in May 1986. The other components (charge unit, inverter, battery, weather station, data monitoring) have been manufactured, delivered, installated and joined. The system started operation in October 1987. As consumer a normal habitated house is joined to the system because that house in which the generator is integrated and which gives the place for battery, charge unit and inverter serves as a model house and has not the consumption characteristic of a residence. For construction details see fig. 5. In the house at Friedenweiler-Rötenbach which is a habitated one-family-house the total system was delivered, mounted, integrated and joined (generator, charge unit, battery, inverter, weather station and data monitoring). As the house is situated in a district with very much snow in wintertime (high black forest) special measures have been necessary with regard to tightening of the generator and the load transmission (layer under roof tiles, narrow distance of rafters). For the integration of the generator a wood aluminium compound profile has been modified. This profile is applicated in a similar form for the construction of green-houses (see fig. 6, 7). For the house at Berlin construction and integration details correspond to those applicated at Friedenweiler-Rötenbach.
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 2 PHOTOVOLTAIC ARRAY The solar generator modules type PQ 10/44/01 are the basic elements of the solar generator. The module PQ 10/44/01 consists of a series connection of 44 square solar cells, each 10×10 cm in size. According to the principle of safety glass (laminated glass), the circuit solar cells are embedded between the front and the back cover (glass/glass embedding). Stainless steel (V2A) is used for the framing material. The glass/glass composite is hermetically sealed by means of a two-components sealing compound. The modules are connected with econoseal plug connectors. The plug connectors are protected with a strain relief of stainless steel (V2A). The design data of the photovoltaic array per system are the following: material:
 
 multicrystalline silicon
 
 module quantity series connection parallel connection module surface weight nominal power at 25 deg C cell temp.
 
 : : : : : : :
 
 42 pcs PQ 10/44/01 (+2 for roof integration) 14 modules 3 strings 23 m2 8 kg/module am 1.5. 100 mW/cm2 =1850 Wp
 
 3 POWER CONDITIONING The conditioning consists of the system controller (battery charger) “solarmatic”. The “solarmatic” has the following functions: A. Battery charge and discharge monitoring B. Battery overvoltage protection C. Battery undervoltage protection D. Current inverter release or block E. Measuring data processing The “Solarmatic” is a step control with integrated over- or undervoltage monitoring. The voltage monitoring systems are dependent on the battery temperature. The current inverter is released or blocked by means of the battery monitoring, depending on the voltage. The rough data required for the measurement are processed in a measuring rack. The batteries employed correspond to low-antimony industrial batteries for stationary application. They have a high cycle stability and a low self-discharge. Location:
 
 Lauenstein Berlin Rötenbach
 
 : : :
 
 300 Ah 300 Ah 500 Ah
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 The construction consists of a series connection of 108 single cells each. The capacity applies to 10 hours discharge. The battery voltage fluctuates within the voltage range of approx. 200 V and approx. 260 V, depending on the charge level. As a decentralised mains relief takes place, there is a continuous power supply into the mains. The power supply into the mains is responsible for the constant load supply of the connected consumers. The mains connection prescribes the control input for the current inverter which is then operated parallel to the mains. Should a power failure arise, the operation switches automatically to the current inverter (time limited emergency power supply). The consumer is then supplied by the current inverter alone while the mains are cleared. In each of the three systems a current inverter with the following design data is applicated: Name Type Nominal data Input voltage Input current Output voltage Frequency Nominal output Output current Efficiency Interference Suppression degree
 
 : : : : : : :
 
 “Transsolar” Self-commutated single-phase Transistor current inverter 220 V DC +20% −15% 21.7 A (cos φ=0.8 ind.) 220 V AC ±1% 50 Hz +0.5% : : : :
 
 5 kVA (cos φ=0.8 ind.) 23 A (cos φ=0.8 ind.) 86.8% N (VDE 0875)
 
 A current meter is integrated into the current inverter. The function of this current meter is to connect the current inverter for parallel consumer supply when an adjustable threshold has been reached. This type of connection enables mains peaks to be reached which are as high as the output nominal value of the current inverter. 4 DETAILS OF PV USER APPLIANCES The systems are operated in connection with normal single family houses without special equipment. Only the house at Berlin comprises offices. 5 MONITORING SCHEME The rough data which has been processed in the “solarmatic” are prepared in the data display and recording system "DAM 800" according to the EEC regulations and then stored on a disc for further processing. The “DAM 800” ist equipped with a monitor which permanently indicates the system data. The following parameter are stored:
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 Symbol desianation JA Insolation, array plane TA Max. ambient temperature (shaded) TC Max. cell or module temperature EA Array output energy EB Energy to (+) and from (−) battery EII Inverter/rectifier DC energy (+/−) EIO Inverter/rectifier AC energy (+/−) ELAC Energy to all loads ER Energy to (+) and from (−) grid
 
 Unit kWh/m2 deg. C deg. C kWh kWh kWh kWh kWh kWh
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 Accuracy calib. instr. +2 deg. C +2 deg. C +2% f. s. +2% f. s. +2% f. s. +2% f. s. +2% f. s. +2% f. s.
 
 6 EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING On the house at Salzhemmendorf-Lauenstein the modules PQ/44 have been supported at their narrow side. At their long sides they were connected by a non-supporting profile. After one year a permanent little bending (env. 0, 5 cm) appeared. This does not impair the function of the generator. For the houses at Friedenweiler-Rötenbach and at Berlin structural measures have taken in order to eliminate these been bendings (see fig. 6, 7). Instead of horizontal profiles silicon joints have been applicated. For the reason of timing schedule difficulties the installation of the system at Berlin had to be postponed to April 1988. 7 EXPERIENCE OBTAINED DURING OPERATION There are no experiences up to now because of too short period of operation. CONTRACT NR SE/134/83 PHOTOVOLTAIC SYSTEM LINKED TO A SMALL POWER HEAT COGENERATION G.BOPP, K.KIEFER, R.SCHÄTZLE, J.SCHMID Fraunhofer Institut für Solare Energiesysteme (ISE) Oltmannsstraße 22 D—7800 Freiburg Summary Electric power supply for isolated houses is a highly attractive market for photovoltaics. There are plenty of these houses even in highly industrialized countries (estimates for the EC range at 1 Million houses), where access, financing and backflow of experience to the manufactor is easily possible. The high standard of living in this area demands continous power AC-power supply in most cases, since many appliances and standard electrical equipment for household-use require AC-power for operation. Recent progress on the field of inverter development now allows to realize PV-Systems, which supply AC-
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 Fig. 1 Location of the systems
 
 power of the same quality as does the public grid. Very low inverter tare losses allow continous operation without significantly reducing system effiency. This new technique has been employed for the first time in a demonstration project supported by the CEC.A former farm, the “Rappenecker Hof”, which is now being used as a mountain hut, has been choosen for this project. The building is located in the Black Forest near the city of Freiburg at an altitude of approx. 1000m . The distance to the next point of access to the public grid is about 5 km.A 3,8kW PV-generator has been integrated into the south-south-west facing slope of the roof. This PV-generator is wired into five independent groups for different voltage levels according to the requirements of the inverter developed at our institute. These different groups are connected to corresponding lead-acid batteries of a total storage capacity of 24 kWh via charge controllers. The batteries feed the inverter providing continous 220V ACpower for the house grid. A diesel-generator set backs up the PV-system in case of extended periods of low insolation and in case of three-phase loads. During the period of operation from June 1987 up to April 1988 the total solar fraction was about 73 percent.
 
 SESSION II: HOUSE ELECTRIFICATION
 
 117
 
 Fig. 2 Functional block diagram of a system for decentralized relief of mains
 
 1. Introduction Because of different difficulties the total project was transfered from a place near Stuttgart to a place near Freiburg called “Rappenecker Hof”. The “Rappenecker Hof ”, located about 15 km east of Freiburg at an altitude of 1000 meters in the Black Forest, is used as a restaurant for hikers. The distance to the public grid is 5 km and grid connection was offered to a prize of 380.000 DM (190.000 ECU). There are two particularly interesting features of the Rappeneck PV-system. Firstly, the PV modules are integrated into the roof , as the photograph in fig. 1 shows. Secondly, the system incorporates a new type of inverter developed by our Institute. The inverter provides a high-quality AC output at very high effiency across a wide range of loads 2. The photovoltaic array The 3, 8 kWp PV-generator consists of 98 solar-cell modules of the type AEG PQ 10/40/01. The technology used for the integration can be described as follows: On the wood main structure, which is shown in fig. 2 the standard PV-modules are mounted on aluminium frames, which are standard components from the green house technology. The PV-roof is water-proof —no second layer has been installed. Cooling is provided by natural convection with a large opening at the roof top , which can be closed during winter seasons in order to prevent entering of snow. The roof is tilted at an angle of 55° to the horizontal plane at the south-south-west facing side of the building. The PV-generator is divided into five
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 Fig. 3 Plant dataprocessing
 
 Fig. 4 Okal-house with photovoltaic system at Lauenstein
 
 groups of different voltage levels according to the working principle of the inverter, table 1 shows the interconnection of the PV-generator. Table 1: Interconnection of the PV-generator field nominal battery voltage
 
 1 12
 
 2 24
 
 3 42
 
 4 84
 
 5 162
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 number of modules in series number of parallel modules
 
 1 3
 
 2 3
 
 3 3
 
 7 4
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 13 4
 
 Fig. 5 Connection greenhouse/generator (Lauenstein)
 
 3. Power Conditioning The arrangement of the components can be seen in the block diagram in fig. 3. The 3,8 kWp PV-generator is connected to the battery via shunt-type charge contollers. In case of bad weather conditions and high energy demand, the 16 kVA diesel generator can supply the energy demand directly. At the same time battery charging is possible with its surplus power. The battery has a total nominal voltage of 324 Volts and a nominal storage capacity of 75 Ah thus allowing 24 kWh of energy to be stored (nominal). The whole DC-system is divided into five groups of different voltage levels according to the working principle of the DC/AC inverter. The DC to AC conversion is performed by a new type of inverter, which has been developed especially for standalone PV-applications (rated power 3 kW). Its main features are: Sinewave-shaped voltage output with low harmonic distortion (less than 5%) , low self-consumption (noload losses are 7 Watts), highly efficient as shown in fig. 4 and insensitive to any power factor of the different loads. By its working principle the inverter provides and accepts practically any reactive power. As a consequence of the above mentioned features, the inverter provides the same quality of AC-electricity
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 Fig. 6 Side connection generator to roof tiles (Rötenbach)
 
 as the public grid does. It provides continuous (24 hours a day) AC-electricity for all types of electrical consumers found in a typical residence. In contrast to a standard grid, in which possible electric failures are covered by fuses, the PV generator as well as the inverters output cannot produce shortcircuit currents high enough to blow fuses. In case of an AC system with no potential seperation between the DC and the AC-circuit as it is the case in the system described here, the use of two standard AC ground fault switches enables full safety against ground faults for the complete system as shown in fig. 3. 4. Details of PV USER appliances (equipment) All the electrical house equipment is for 220 V/50Hz operation. The average daily energy consumption of the electric appliances and its nominal input power is shown in table 2. In order to avoid inadmissable power peaks a load control prevents heating of washing- and dishing machine working at the same time. The most important characteristics in selecting appliances for PV systems are low input power and a very low energy consumption. Apart from these factors the cut in current of the appliances must be considered before installation to avoid an overload of the DC/AC inverter. table 2: Electric appliances equipment
 
 input power (W)
 
 energy consumption (Wh/d)
 
 Lighting (28 fluorescent lamps) refrigerator freezer TV-set
 
 530 100 170 60
 
 900 890 1150 190
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 equipment
 
 input power (W)
 
 energy consumption (Wh/d)
 
 kitchen appliances washing machine dish washer PV-monitoring
 
 3000 2200 1840 40 7940
 
 500 1140 470 960 6200
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 Fig. 7 Connection roof tiles to modules and module to module (Rötenbach)
 
 5. Monitoring Scheme All Parameters as recommended in Ispra’s “Guidelines for Photovoltaic System Monitoring, Issue 3 (table 1) ” are being monitored. According to the special working principle of the DC/AC inverter all five sub-strings of the DC currents and voltages are being monitored. The potential differences between the signals to be monitored can reach up to 300 Volts. Therefore the monitoring system must be able to handle these differential voltages! All parameters are measured at 1 minute intervals and stored as 15 minute mean values or during night as 1 hour mean values on a 3.5” floppy disk. The monitoring system has been realized by using a desctop computer hp 86B from Hewlett Packard and a Multi Function Box, System Kräckmann, with a relay multiplexer, pulse counters and a digital multimeter with a total power consumption of about 40W. The interconnection between the computer CPU unit and the periphery is realized via the IEEE 488 Bus. The first idea to take the hand held computer HP 71 with a very
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 Fig. 1: The typical Black Forest-house “Rappeneck” before and after the integration of the solar generator.
 
 Fig. 2: The integration of the solar generator into the wood structure
 
 low power consumption of 0, 1W by 5V has been cancelled because the keyboard is too small i.e. the programming is very uncomfortable and the power consumption with the necessary periphery powered by 220V AC reached 7W. In comparison the power consumption of the hp 86B is 11W, if the floppy disk unit and the monitor is switched-off and the programming is comfortable by HP-basic.
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 Fig. 3: block diagramm of the AC-PV-SYSTEM
 
 Fig. 4: The main features of the DC/AC inverter. DC/AC inverter outfit, efficiency, Output voltage, harmonic voltage distortion
 
 6. Experience obtained during Installation and commissioning The integration of a PV-plant into a house with a wood structure requires a safe technology against all events which could provoque fire. From this point of view cable connections with plug-connectors are not reliable enough. During installation it was noticed that many plugs are not engaged satisfactory. All plugs have been replaced by squeeze connectors.
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 Fig. 5: Distribution of energy consumption
 
 Another important factor is that measurement of the modules in a warm water bath (25°C) indicated increased ground current. The consequence was that 10 percent of the whole modules had to be replaced. 7. Experience obtained during operation During the first three months of operation new electric appliances such as dish-washer and washing machine have been installed to cover the need resulting from the restaurants operation. This steadily increasing energy demand and the decreasing solar irradiation caused the need for energy from the diesel generator from end of September with an increasing tendency up to January as shown in fig. 5. From June 1987 to August 1987 the solar fraction is 100%. During the period of operation from June 1987 up to April 1988 the total solar fraction was about 73 percent. During winter 1988 the diesel generator was only 250 hours in operation to cover the electrical energy demand of 609 kWh as seen in fig. 6. The technical and financial effort for installation of a power heat cogeneration seemed not to be worthwile. In general it could be observed that inhabitants were able to adjust their energy needs rather well to the solar irradiation. One of the reasons can be seen in the fact, that operation of the diesel generator has to be done manually which provides the operator with good sense for energy situation of the plant. Another significant aspect is, that the system works continuously and the power supply was always guaranteed
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 Fig. 6: Energy flow from June 87–April 88
 
 CONTRACT NR SE/084/84 STAND—ALONE RESIDENTIAL PV-SYSTEM WITH MOTOR/GENERATOR BACKUP H.K.KOETHE and E.ROESSLER Fraunhofer Institut für Solare Energiesysteme (ISE) Oltmannsstr. 22 D—7800 Freiburg Summary In the last year, we did not work on the sub-project “Oeko-House” because the rebuilding is still in the plannning phase at the building commission in Freiburg. The objective of the project is the economic operation of a stand-alone power supply system for a remote youth center in Orbey-Le-Schoultzbach, Alsace. The system consist of a PV-plant with a motor-generator
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 back-up, driven by butane gas. The exhaust heat is utilized to cover part of the heat demand of the residence. Up to now, the PV-plant, motor generator, storage-battery, rectifier, inverter and the measuring-system have been installed and all components operate without problems. Additionally we implemented a protection circuit for the transistors of the shunting regulator in the project “Oberlin-House”. This prevents the appearance of voltage peaks which occur due to the long circuit leads for the solar generator, when the control electronics are switched on, and cause the destruction of the transistors. In addition to the existing inverter, we installed a specially designed inverter for the fire alarm system alone. This inverter works in the reqired power range with a very high efficiency of approximately 90% and prevents the main inverter from running at a low power with a poor efficiency. Further, we processed all the raw data to the energy data form up to March 1988, checked it and transfered the monthly files to the Joint Research Center in ISPRA. 1. INTRODUCTION The aim of the project is the demonstration of the economic operation of a stand-alone power supply system, consisting of a photovoltaic power plant (PV-plant) combined with a motor-generator, driven by butane gas. The effect of this combination should be * saving investment cost in the PV-plant by reducing the storage battery capacity as far as possible, which may be done without risk due to the motor-generator back-up. * saving maintenance and repair costs with the motor-generator by avoiding operation at low load and by covering low load requirements with the PV-plant. * operation of the motor-generator at high efficiency and with a minimum of environmental pollution. * using both electrical and thermal energy produced by the motor-generator. During summer, the PV-plant should cover almost all load requirements. During winter, the motorgenerator should be the main source of electrical and thermal power simultaneously. As shown in the diagram Fig. 1, the electrical system consists of * PV-plant with solar generator (PV-array) and power storage. * motor-generator with back-up power via rectifier. A control-logic unit will give priority to the PV-system at all times, if electrical energy is required by the consumer loads. The motor-generator will be started only if the battery is deeply discharged or if 3-phase current is required. 2. PHOTOVOLTAIC ARRAY Actually the PV-array was to be mounted on the roof of the building, where the panels should replace the roof tiles. However, the permission for integrating the solar generator into the roof of the main building has not been given by the respective boards. Therefore, the solar generator has been mounted on a greenhousestructure, erected at a distance of approx. 40 m from the main building. Nevertheless, the PV-modules cover
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 only the part of the roof orientated to the south, and are mounted in the same watertight manner as previously planned for the building roof. The greenhouse- structure was constructed of steel, protected by a zinc coating. The solar array field consists of 39 solar modules, type PQ 10/40/01, manufactured by AEG, with a total peak power of 1.48 kW. The main system feeding the battery and DC-loads consists of 38 of these modules. One module provides the power supply for the data acquisition. 3. POWER CONDITIONING If there is no need for 3-phase AC-current, the motor-generator is only used, if additional electrical power is required for recharging a flat battery. Thus, apart from this exception, the system will be controlled mainly by the state of charge of the storage battery. Consequently the control philosophy is as follows (also see Fig. l): 3.1 Normal operation: The solar generator will provide the battery with DC-energy (EA) via the blocking diode. A shunt regulator will prevent the battery from being charged excessively by limiting the charging voltage to a level of 2.35 Volts per cell. The battery provides energy directly to the monophase inverter (EII) which covers the needs of the AC-loads (EI0). 3.2 Back-up operation: * If the battery experiences a deep discharge, i.e. a discharge voltage close to undervoltage cut-off or * if 3-phase AC-current is switched on manually (ELAC2) then the inverter will be turned off and the motor-generator will be connected to the consumer loads; hence the motor-generator will then - recharge the battery via the rectifier (EG2, EG3) - provide power to AC-loads (ELAC1) - provide power to 3-phase AC-loads (ELAC2) The plant will return to PV-power supply when the battery voltage reaches 2.2 Volts per cell on charging or if the 3-phase AC-requirements no longer exists.
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 4. DETAILS OF PV USER APPLIANCES When planning the PV-system, the aim was to dimension the PV-plant and the storage-battery such that during the summer half year (15.03–15.09.), the average daily consumption could be covered. The dimensioning for operation in the summer allows a considerable reduction in the PV-plant and battery size compared to operation all the year round. Hence a peak power of 1.44 kW at the maximum power point (MPP) resulted for the solar electric generator. For this configuration, two solar modules had to be connected in series, because a system voltage of 24 volts had been chosen for reasons of safety and practicability. To guarantee long-term operation of the whole system without any significant maintenance, a lead acid battery of the type Varta bloc (Vb 2312), consisting of 24 cells (24 V) with a nominal capacity of 2× 600 Ah, has been chosen. The advantage of this battery is its long lifetime of about 1300 cycles (processes of charging and discharging) with a discharging rate of 75% or about 4000 cycles with a discharging of 30%. Further more the Varta bloc battery has, compared to other acid lead batteries, a low self-discharging rate and a (relatively) high charging efficiency of about 95–98% (Ah—efficiency). The battery can also be charged by the motor generator via a charging rectifier with a maximal power of 2.2 kW. This rectifier is fitted out with a semi-automatically controlled three-phase bridge-type rectifying circuit and charges the battery according to the current-voltage characteristic curve with a constant current of 80 A up to the voltage maximum of 28.2 V, then with reduced current and constant voltage. To be able to use both, phase-controlled apparaters and electronically controlled motors, a sinusoidal inverter with a nominal power of 1.0 kW and a peak power of 1.4 kW has been installed.As a result a relatively low efficiency of about 70% has to be accepted. For this reason, the operating time of the inverter was minimized by operating as many consumer appliances as possible at 24 V. Because of the PV system voltage of 24 V DC, there are three voltage levels in the Oberlin House, which are available from corresponding distribution circuits. For the lighting, only 24 V bulbs have been installed, which operate directly at the voltage level of the battery. Thus, all transforming losses caused by an inverter are avoided. Only specific rooms are equipped with plug sockets for consumers of alternating current, which are supplied by the 24 V DC/220 V AC—inverter. To avoid idling losses, the inverter is only put into operation by a load detector when a 220 V—consumer is actually connected. While the motor generator is running, the 220 V AC consumers are connected to the three-phase current-system in addition to the 380 V consumers. In this case, the inverter is switched off. 5. MONITORING SCHEME All data necessary to define actual energy-flow and to calculate efficiencies of components, sub- systems and the total system, as well as turn-on times of the motor-generator will be recorded. Since some of the energies can be calculated from the others, not all of the currents etc. of the system will be measured. Thus, some of the parameters are measured and calculated respectively (see Fig. 1). The AC-energies are integrated by electricity meters equipped with pulse-output for recording. All recording is performed by a data logger witch has 16 analog input channels and 7 pulse input channels with 12 bit resolution. Readings are taken every 2 seconds and average values calculated from these readings will be recorded every hour. The data logger is able to take up to four plug-in memories with 8 kbyte or four memories with 32 kbyte. With one 8 kbyte-memory we can record data from 16 channels for about 20 days. The power supply for the
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 memories is separated from the data logger and is provided by a lithium battery. An advantage of this data logger is, that it has a low power consumption of 0.5 W and an on-board lead acid battery. Therefore it was possible to use a separate solar module to power the data logger. Reading the memories and calculating the energy flow is done by an IBM-PC using special equipment, which transfers the data from the memories via an RS 232 interface to the IBM-PC. 6. EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING The only problem that we had during installation was, that the respective boards of the french government did not give us the permission for integrating the solar generator into the roof of the main building. Thus we had to find another solution to install the solar generator. The result was that the solar generator now has been mounted on a greenhouse-structure at a distance of approx. 40 m from the main building. The disadvantage of this solution is the length of approx. 70 m of the circuits of the solar generator, the module temperature and the solarimeter to the control-logic, with the resulting electrical problems. 7. EXPERIENCE OBTAINED DURING OPERATION As a result of the development of our own evaluation software, we are now able to check the registered data and display them in graphics. Fig. 2 shows the proportions supplied by the different energy sources in the period from May 1987 until March 1988. It can be seen, that in the months July and August, in spite of the relatively high incident solar energy (120kWh/m2), a very high proportion of the energy (50%) was supplied by the motor generator. The reason for this is the higher occupancy of the house which stood in connection with increased building activity (using the motor generator). Fig. 3 shows the solar supply fraction and the utility factor of the plant for the same period. Here the problem, mentioned above of the intensively used motor generator in July and August is also reflected in the relatively low utility factor and supply fraction. As regards the operation of the power conditioning of the system, we did not have any technical problems in this period. Throughout the whole year of 1987 we had an availability of 100% for the DC-component of the system. Due to technical problems with the inverter, we had a failure of the AC-system twice. Thus we only had an availability of 85% for the AC component. CONTRACT NO. SE/573/84 INTEGRATED ENERGY SYSTEM FOR POWER SUPPLY OF AN ISOLATED FARM LOCATED ON LIGURIAN APPENINES C.MACCIO’ and G.PASTORINO CESEN—Via Pieragostini, 50—Geneva—Italy Summary
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 Figure 1: Energy flow of the power supply system
 
 The aim of the project was the realization of an integrated energy system for power supply of an isolated farm located on Ligurian Appenines, not connected with the national grid, utilizing a photovoltaic solar system (2100 Wp) together with micro-hydro equipment (350 Wel). The P.V. system was installed in September 1985 and has been running since then with no remarkable problem. On the other hand, as regards the micro-hydro system, the implementation of the project was not allowed by local authorities. As a consequence a pre-existing diesel generator is operated to meet the farm power requirements. As from February 1988 detailed operating data are available in ECMA 46 cassette format. 1. INTRODUCTION The aim of the project was to meet the power requirements of an agricultural—touring centre named “Prato Rondanino” and located on a remote part of the Ligurian Appenines. The centre is not supplied by the ENEL’s grid and consists of three country houses: one of them is used for tourist lodging and is closed in winter season. The other ones are inhabited by resident people. An integrated energy system was foreseen, combining two different energy technologies relevant to new and renewable energy sources: solar photovoltaic and hydroelectric. The photovoltaic part of the energy system was installed in September 1985. It consists of the following main components:
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 Figure 2: Proportions supplied by the different energy sources from May 1987 until March 1988 -
 
 photovoltaic array
 
 2.1 kWp
 
 -
 
 electrochemical battery inverter interface and control board
 
 42 kWh 3.5 kVA
 
 The above P.V. system has been running since the erection without any remarkable problems, feeding the loads of the centre with the backup of a pre-existing 10 kVA diesel generator. On the contrary the hydroelectric part met the veto of the local authorities owing to municipal cognizance problems as well as the opposition of the neighbouring water users. So the present operating condition (PV system+diesel backup) has to be considered as the definitive one. An analytical monitoring, in accordance with the requirements set out in the Guidelines from JRC, has started on February 1988. 2. PHOTOVOLTAIC ARRAY The photovoltaic field is composed of n° 60 P.V. modules type ANSALDO AP 35 HD, connected in a proper series-parallel configuration, with relevant protection diodes and mounted on a galvanized steel supporting structure, providing an adjustable tilt angle between 10° and 60° on the horizontal surface according to the season. The main figures for the P.V. field are in the following table:
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 Figure 3: Solar supply fraction and the utility factor from May 1987 until Marc 1988 -
 
 No. of P.V. modules AP 35 HD Total peak power No. of series strings No. of P.V. modules in series No. of supporting structures No. of P.V. cells Terminal rated voltage Rated open circuit voltage Rated short circuit current Total area (module area×60)
 
 60 2100 Wp 6 10 3 2160 120 V 200 V 15 A 26.5 m2
 
 The average daily values of global solar radiation on the P.V. modules surface and the appraised output of the P.V. field are listed in the following table: Month January February March April May June
 
 Tilt Angle 60° 40° 40° 10° 10° 10°
 
 Solar Radiation 2.06 kW/m2 day 2.37 ” ” 3.18 ” ” 3.80 ” ” 4.48 ” ” 4.91 ” ”
 
 Appraised P.V. field output 28.4 Ah/day 32.7 ” 43.9 ” 51.3 60.5 ” 65.6 ”
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 Month July August September October November December Yearly average
 
 Tilt Angle 10° 10° 40° 40° 60° 60° -
 
 Solar Radiation 5.08 ” ” 4.47 ” ” 3.70 ” ” 2.84 ” ” 1.95 1.82 ” ” 3.39
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 Appraised P.V. field output 67.8 59.7 ” 49.4 ” 38.3 26.9 ” 25.1 ” 45.8 ”
 
 3. POWER CONDITIONING An electric control board provides the interfaces of the storage system with the inverter, the P.V. field and the pre-existent diesel generator which can also supply the loads directly. The control system is allocated in the control board and has two main purposes: - the regulation of the battery charge from the P.V. field - the control of the enable-disable commands for the inverter according to the charge level of the battery. Lead-acid batteries for stationary installations has been adopted, providing both a high charge/discharge efficiency and a very low self-discharge rate. Even the maintenance demand (distilled water fill-up) is scarce; as above mentioned, batteries are protected from overcharging and excessive discharging by the control system. The main features of the storage system are listed below: -
 
 Rated voltage Rated capacity (10 h discharge) Energy capacity Number of elements Configuration Electrolyte specific weight Size of one element Weight of one element (wet)
 
 120 V 350 Ah 42 kWh 60 Series connection 1.25 210×220×415 mm 30 kg
 
 As regards the A.C. power supply to the electric loads a 3.5 kVA inverter was installed; its main features are summarized in the following table: -
 
 Type: Output: Input: Efficiency: Protection:
 
 Pulse width modulation/transistor Single phase—220 V—50 Hz 120 Vdc (100–150 Vdc) Full load—90% Half load—85% Input overvoltage, output short-circuit Output overload
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 Rated power capacity:
 
 3.5 kVA (at cos φ=0.9)
 
 A second inverter, with the same characteristics, was installed to overcome possible failures of the first one without any delay. A pre-existing 10 kVA diesel generator (380/220 V) can operate in two different ways (also simultaneously): - feeding directly the A.C. loads (in particular a 380 V 3ø dish washing machine) - recharging batteries by means of a rectifier installed in the same cabinet with the inverter. The diesel generator can be operated only by manual commands. 4. DETAILS OF P.V. USER APPLIANCES As mentioned in the introduction the three country-houses of “Prato Rondanino” centre are differently inhabited during the year according to the season; the relevant A.C. loads are listed in the following table: Load
 
 A) Resident houses
 
 B) Tourist-House
 
 Unit Power Refrigerator TV—Set Fluorescent Lamp (1200 lumen) Fluorescent Lamp (900 lumen)
 
 Number 200 W 50 W 25 W
 
 Number 650 W 50 W 25 W 15 W
 
 Unit Power 2 2 20
 
 1 2 20 20
 
 Three different situations can be distinguished during the year: - from November till February, the Tourist-House is closed, so only resident users have to be supplied; - tourist concourse and consequent energy requirements reach a maximum in June, July and August; - in the other months, a peak energy consumption occurs during weekends. Other kitchen appliances (slicer, mixer….), negligible in respect to energy consumption evaluation, are used. A 380 V—3ø dish-washing machine can be fed only by the diesel generator. 5. MONITORING SCHEME An automatic data acquisition system monitors the following parameters, in accordance with the requirements set out in the Guidelines from JRC: Parameters Irradiation, global (horizontal) Irradiation, array plane
 
 Symbol IG IA
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 Parameters Ambient temperature Array output voltage Array output current Current input to battery Current output from battery Battery voltage DC current from aux. generator Inverter DC current Inverter AC energy Energy to all AC loads AC energy from aux. generator Cell temperature Wind speed Wind direction
 
 Symbol TA UA JA JBI JBO UDC JGDC JII EIO ELAC EG TC WS WD
 
 Note:— UA is set equal to UDC and ELAC is set equal to (EIO+EG). All numerical data are hourly sums of measurements taken at one minute intervals.
 
 Fig. 1—Energy Flow Diagram
 
 The energy flow diagram is shown in figure 1. Information about sensors, signals, measuring ranges and calibrations are listed in the following table. The data acquisition system is schematically shown in figure 2. Parameters IG IA TA JA JBI/JBO UDC JGDC
 
 Sensor calibrated solar cell (1) calibrated solar cell (2) SIAP-TM 5720 (3) shunt shunt direct shunt
 
 Signals to D.A.S. 0÷21 1.8 mV 0÷195 mV 4÷20 mA → 0.2÷1 V 0÷100 mV 0÷100 mV 0÷200 V 0÷100 mV
 
 Measuring Range (and data format) 0.00÷1.20 kW/m2 0.00÷1.20 kW/m2 −30÷+50 °C 0.0÷15.0 A 0.0÷100.0 A 0.0÷200.0 V 0.0÷50.0 A
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 Parameters JII EIO EG TC WS WD
 
 Sensor shunt IME-CW1 (4) IME-CW3 (4,) T-thermocouple SIAP-VT 7705 (3) SIAP-VT 7710 (3)
 
 Signals to D.A.S. 0÷100 mV 0÷20 mA → 0÷1 V 0÷20 mA → 0÷1 V mV (5) 4÷20 mA → 0.2÷1 V 4÷20 mA → 0.2÷1 V
 
 Measuring Range (and data format) 0.0÷50.0 A 0.00÷5.50 kW 0.00÷13.16 kW −30÷80 °C 0.00÷50.00 m/s 0÷360
 
 Fig. 2—Data Acquisition System
 
 (1) Calibration performed by ANSALDO: 176.5 mV/kW. m−2 (2) ” ” ” ” : 162.5 mV/kW. n−2 (3) VT 5720−Pt 100+transducer VT 7705—Robinson meter + ” VT 7710—wind vane + ” (4) A.C. Active Power Transducer (5) The reference junction compensation is automatically performed by DAS Note: - Devices 1, 3 and 4 are fed at 220 Vac by the plant 3,5 kVA inverter; they are provided with internal rechargeable batteries kept in floating charge. - Devices 2 and 5 have no internal battery; so they are fed by a small U.P.S. composed of the following equipment:
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 - n. 1 100 VA inverter (12 Vdc/220 Vac) - n. 1 lead acid stationary battery 12 V–100 Ah - n. 1 floating battery charger - The energy consumed by the data acquisition system is included in EIO (and then in ELAC). 6. EXPERIENCE OBTAINED DURING INSTALLATION No problem encountered as regards the P.V. system, installed in September 1985. As regards the monitoring system, problems to keep the system running were overcome by means of an independent UPS dedicated to the cassette recorder and the RS 232 interface. 7. EXPERIENCE OBTAINED DURING OPERATION Some minor troubles occurred in the DC-AC converters due to the ambient conditions (condensate, diesel exhaust gas, etc.). The tropicalization of the main components, such as electronic cards and power transistor sections, have definitely solved the problem. The analysis of the first monitoring data sent to JRC-ISPRA, lead to the following results:
 
 − − − − − − − − − –
 
 monitoring time (h) mean ambient temperature over daylight (°C) mean daily global irradiation (kWh/m2.day) . horizontal . array plane mean daily array output energy (kWh) array efficiency (max) (%) array efficiency (mean) (%) battery efficiency (mean) (%) inverter efficiency (mean) (%) mean daily energy demand (kWh) non solar dependency (%)
 
 FEB 88 107 2.2
 
 MAR 88 229 2.2
 
 2.94 5.04 8.19 6.28 6.13 67.58 56.08 9.85 64.2
 
 3.07 5.05 7.70 6.53 5.75 70.27 60.84 14.46 74.7
 
 The low mean efficiency of the inverter is due to the load conditions, that resulted to be lower than 25% for about 90% of the monitoring time. On the contrary in load conditions higher than 25%, the inverter efficiency (taking into account hourly averages) results to be higher than 80% (see Fig. 3). Contract n° SE/146/85 4 KWp Photovoltaic Current Generator for Mountain Economics F.FONZI
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 Fig. 3—Inverter Efficiency
 
 Technical Director of Italenergie S.p.A. Summary The high mountain breedings have three main problems to solve economically: - to increase the water disposal by the cattle-trough in order to increase the number of cows - to storage at about 50C the milk in order to milk twice a day the cows - to have the possibility to use an electrical milk machine to milk in short time the cows The project shows the solutions to these problems by using a 4 KWp photovoltaic current generator by a 50 cattle breeding in the high mountain of Abruzzo. To keep low the cost of the electrical energy produced by the photovoltaic current generator special motors, pumps and refrigerator have been developped.
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 1. DESCRIPTION OF THE PROJECT 1.1 Water pumping system The water rate to be pumped is of about 0.5 m3/h and it is to be lifted up to 200 mt higher. It is known that the best way to do it is to use a pump with positive displacement which has an efficiency which is indipendent from the input power and is not influenced by the pumping hight. As they want to pump only by direct insulation of the batteries, the centrifugal pump can not be used because, by reduction of the input power, the efficiency is almost zero (fig. I). The volumetric pump once won the initial friction losses can lift up the water by variable input power as the case is by the daily sun energy (fig. II). The pumped water flows in a 20 m3 water storage tank which, with the task to storage hydraulic energy, has even the duty to regulate the water flow in the cattle-trough. The fig. II bis shows the pump which will be used. It is a pump having three pistons, complete of air lung , stop safe valve and s.o. with an hydraulic efficiency of 85%. This solution allows to use almost the total installed photovoltaic power. The pump is driven by a special high efficiency DC-motors and it is operated only 4–6 hours/day, so that it is used only by direct insulation, so that the 100 Ah, 48 lead acid accumulators have a back up function for sunless days (1 day max.). The photovoltaic field has 1500 Wp. 2. MILK MACHINES In the breeding area there are the shelters for animals and cow-boys; under the shelters will be located 3 milk machines, each one able to milk 2 cows in the same time for 6 minutes. The milking operations are carried on twice a day in the morning and in the evening time, so that to milk 50 cows they will need 5 hours with a total energy absorption of about 2000 Wh/day (with a motor of 400 W, 48 V). So they will use a photovoltaic field of 700 Wp and a battery of 450 Ah, 48 V direct current. 3. REFRIGERATOR GROUP This is the most important system of the plant because the refrigerator has the duty to cool, in 5 hours time, from 20°C to 5°C about 500 It milk and to keep it for about 7 hours. By that, a particular care has been given to study the refrigerator cycle, the material characteristics of it, the kind of compressor and the fluid to adopt and the condenser. If we adopt a normal refrigerator, they will have that the thermal energy transmission between the refrigerator fluid in the evaporator and the milk in the milk tank will require an evaporation temperature of −30°C. That would mean that if the temperature of the air condenser is of about + 30°C, the necessary power to work between −30°C and +30°C will be very high. If we take a coefficient of performance of 4 (absorbed refrigerator power related to the mechanical power output, thay will have for a refrigerator power of 1500 Kcal/h a mechanical power of 7 KW, which would destroy any photovoltaic solution. So it has been necessary to consider, by the same cooling speed, the possibility to reduce the temperature of the evaporator by increasing the coefficient of the thermal exchange. This has been obtained in filling the internal space of
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 Figure 1: Centrifugal pump
 
 the refrigerator with a fluid (water diluted glycole) kept at −5°C in which the milk containers are dived. In this way the thermal exchange happens by convenction. The compressor is an alternative which can be mounted as package, with expansion valve and freezing fluid storage tank. The condensation is of the air tipe and the ventilation is assured by the motor of the compressor. The DC-motor of the compressor has a power of 1 KW. The photovoltaic field has an installed power of 1.8 KWp with an electrical storage of 800 Ah, 48 V. The total photovoltaic field is of 4 KWp with an electrical storage system of 1400 Ah, 48 V. Contract n° SE 540/85 PHOTOVOLTAIC SYSTEMS FOR MECHANIZATION OF DAIRY FARMING ACTIVITIES IN ALPINE PASTURES S.Pidatella(.)—A.Repetto(.)—C.Lanteri(*) (.) Ansaldo—Via N.Lorenzi 8 Geneva Italy (*) Comunità Montana Valle Arroscia Summary The aim of the paper is to describe the project and to give notice about the progress of activities. The project consist in the electrification of farming activities of seven alpine pasture not grid connected in northern Italy (Liguria). Data acquisition will be made by a grid of 7 systems (radio connected) with a central station in which date will be elaborated in addition radio link allows fire and emercency calls. After the winter stop of the civil works on farms (not concerning this project) are now going on. Relevant parts of the hardware are ready and the completion of the project is foreseen for October 88.
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 Figure 2: Volumetric pump
 
 1. Foreword The Arroscia Valley is located in the western part of Liguria near Imperia not far from the sea (about 30 km) but already on alps. The Arroscia Valley “Mountain Community” runs, on behalf of the common owners, ten “malghe”, typical alpine huts, used for pasturing purposes. The cow pastures are used by the farmers during the summer period. These pasture lands are located at considerable height (from 1000 m. up to 2150 m on the sea level) and consist of large pieces of land (40 120 hectares) in which there are shelter for cows and shepherds in which milk is stocked ready to be sold or worked to be sold as butter and cheese. Actually milk is not refrigerated, and all trasformation processes are made without any supply of electrical energy. The aim of the project is to give energy for these activities in order to make it possible to utilize to electrical machinery with a more satisfactory economical and environmetal consequences. The alpine pastures chosen as locations for the installation of photovoltaic equipment are the following: -
 
 Alpe Grande Volpiaria Frontè Garlenda Binda Pian Latte S.Bernardo
 
 These locations differ from one another as far as concerns their position, the heads of livestock handled, the type of processing and others on.
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 Figure 2bis
 
 They have in common, on the other hand the fact that they are afar away from the normal electricity supply network, and the consequent high cost of being connected up to this supply. All the locations may be reached by muletracks or by tracks suitable for multi-purpose vehicles only.
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 Figure 4
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 Figure 6
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 Figure 8
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 The following table shows the main features of each pasture: Location Binda Volpiaria Frontè Garlenda Alpe Grande Pian Latte S.Bernardo
 
 Altitude (m) 1750–2100 1320–1780 1500–2130 1400–2100 1510–1882 700–1000 950–1000
 
 Number of livestocks 70 50 100 70 80 70 20
 
 Daily milk production (kg) 700 500 1000 700 800 700 200
 
 Production butter and cheese milk butter and cheese milk milk milk butter and cheese
 
 2) Photovoltaic array The arrays have been sized taking into account the energy necessary to work or refrigerate the milk on the basis of the forecasted milk production. It has been taken into account also lighting and other small energy needs of the farmers. The insolation data have been desumed from the Solar Radiation Atlas issued from EEC. The following tables resume the size of each P.V. array and the forecasted performances of each plant. Due to environmental consideration and to the contemporary restoring of the buildings it was chosen to install the modules on the rooves. The compromise between optimum tilt angle and a architetural needs has been. To carry out this solution a new type of support structure has been designed. The structure allows easy mounting procedure and the maintenance. Each module can be inspected and replaced if necessary. The wiring is made cabling four module in series for a nominal voltage of the system of 48 Vdc and the cables of each series string runs along the ridge of the roof till a interconnection box into the building. The details of the wiring ducts and internal electrical system are now in development. For the plants of S.Bernardo the modules are not mounted on the roof because the building is not correctly oriented. In this case two SS12 standard support structure are used. Actually p.v. modules and support structures have been delivered to Pieve di Teco, in Arroscia Valley, and a preliminary mechanical and electrical mounting is going on. The final mounting will be performed as soon as the build will be completed within next summer. 3) Power conditioning From a preliminary study two main kind of plant have been chosen and fig. 1 shows the block diagram of them. All the plants use a charge regulator controlled by a PLC which senses the battery voltage and switches off from two to four subarray when the battery is charged. Other functions performed are: - charge disconnection for low battery voltage - alarm generation for low and high battery voltage
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 - local monitoring for relevant electrical parameters Consideration about inverter sizing from the point of view of turn-on and load duty cicle have been led to replace the standard ac motors of milking machines, churning machines and cream separator with d.c. motor. For what is concerned the refrigerator the motor will be a.c. fed by inverter because of the difficulties in replacing in a reliable way the standard a.c. motor built into the ermetic compressor. This solution is slighty different from the original technical proposal but is a good compromise betwen testing pourposes and the maintenance and the reliability of the system that have been considered as prioritary in this design. For what the lighting is concerned actually we are evaluating the opportunity to use neon lights with built inverter or install a main converter which can be used also with some others small a.c. loads. Each plant will be equipped with stationary battery for 5 days of no sun. The table resumes the main characteristics of each system with p.v. appliances. Actually the control cabinets are in production and will be tested within June 88. 4) Data acquisition system An automatic data acquisition system will be installed in each plant. All the d.a.s. will be radio linked with a p.c. computer in Pieve di Teco to collect the following data: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.
 
 Rain fall Relative humidity Wind direction Wind speed Insolation on horizontal surface ” ” inclined ” Ambient temperature Cell ” Energy from p.v. generator Energy to and from battery Energy to d.c. loads Energy to inverter(s) (if existing) Energy from inverter(s)
 
 The remote d.a.s. will sample each data every minute and the data will be averaged on one hour basis and locally recorded. Every day the computer of the main station will collect the data of the seven station. The data will be recordered on a floppy disk according to the suggestion of EEC. As the time required to collect the data is relatively short the radio link can be used to comunicate among pastures and Comunità Montana for fire or general pourpose alarm. The data collection stations have been studied as stand alone systems suitable to be used even in other application i.e. to make a network for metereological, sysmic etc. data collection. In particular for this pourpose the system uses a separate P.V. generator made with four modules (152 peak watt), one charge regulator and sealed batteries.
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 FIG.1 BLOCK DIAGRAMS OF THE PLANTS.
 
 Actually the first D.A.S. is under testing and the assembly of the first station will be completed inside May. For the end of June a link of one or two station will be installed in Valle Arroscia for on field tests.
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 Table I Locat No ion m of P.V mod ules
 
 Total Peak pow er
 
 No of serie s strin gs
 
 No of sube rreys
 
 No of mod ules in serie s
 
 Supp orting struct ures
 
 Rate d volte gs (V)
 
 Ope n circu it volta ge (v)
 
 Shor t circu it curre nt (A)
 
 stora Refrig Churn ge erator ing Ah st (A.C.) Mechi 48 V ne (b.c)
 
 Milki ng Mechi ne (D.C)
 
 Crea Lamp m s (AC) separa tor (D.C)
 
 BIN DA
 
 64
 
 224 0
 
 16
 
 2
 
 4
 
 48
 
 80
 
 40
 
 650
 
 /
 
 0,37 KW
 
 22 KW
 
 0.37 KW
 
 50 W
 
 VO LPI ARI A FRO NTE ’ DA RLE ND A ALP E DR AN DE PIA N LAT TE B.B EPN AR DO
 
 104
 
 364 0
 
 26
 
 3
 
 4
 
 Roof mou nt Roof mou nt
 
 48
 
 80
 
 65
 
 100 0
 
 2.5 KW
 
 /
 
 2.2 KW
 
 /
 
 50W
 
 108
 
 378 0
 
 27
 
 3
 
 4
 
 48
 
 80
 
 67.5
 
 100 0
 
 /
 
 0,37 KW
 
 2,2 KW
 
 0,37 KW
 
 50 W
 
 196
 
 686 0
 
 49
 
 4
 
 4
 
 48
 
 80
 
 122. 5
 
 200 0
 
 2,5 KW
 
 /
 
 2,2 KW
 
 /
 
 50 W
 
 160
 
 560 0
 
 40
 
 4
 
 4
 
 Roof mou nt
 
 48
 
 80
 
 100
 
 160 0
 
 2, 510V
 
 /
 
 2,2 KW
 
 /
 
 50 W
 
 128
 
 448 0
 
 32
 
 4
 
 4
 
 Roof mou nt
 
 48
 
 80
 
 80
 
 125 0
 
 2,5 KW
 
 /
 
 2,2 KW
 
 /
 
 50 W
 
 24
 
 840
 
 6
 
 1
 
 4
 
 Stan dard 2×99 12
 
 48
 
 80
 
 15
 
 200
 
 /
 
 0,37 KW
 
 2,2 KW
 
 0,3 7 KW
 
 50 W
 
 Roof mou nt Roof mou nt
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 TABLE II FORECASTED PERFORMANCES OF P.V. ARRAY Location
 
 APRIL 4.1 Kw/m2
 
 MAY 4.7 Kw/m2
 
 JUNE 5.2 Kw/m2
 
 JULY 5.3 Kw/m2
 
 AUGUST 5.1 Kw/m2
 
 SEPTEMBER 4 Kw/m2
 
 BINDA VOLPIARIA FRONTE’ GARLENDA ALPE GRANDE PIAN LATTE S.BERNARDO
 
 9184 14924 15493 28126 22960 18368 3444
 
 10528 17108 17766 32242 26320 21056 3948
 
 11648 18928 19656 35672 29120 23296 4368
 
 11872 19292 20054 36358 29680 23744 4452
 
 11424 10564 19278 34986 23560 22848 4284
 
 8960 14560 15120 27440 22400 17920 3360
 
 CONTRACT NO. SE/267/84 PHOTOVOLTAIC POWER SUPPLY FOR BIRD AND WEATHER STATION ON THE ISLAND SCHARHÖRN (NORTH SEA) H.-J.Lowalt and E.Krausen AEG Aktiengesellschaft Fachbereich Neue Technologien, Raumfahrt Industriestraße 29, D-2000 Wedel/Holstein SUMMARY Scharhörn is Located about 19 km off the coast in the River Elbe Estuary across an expanse of Low sandy tidal ground which is regularly flooded by the incoming tides it is not easily accessible. During frequent periods of inclement weather it is often not possible to bring supplies to the island. From march through November the isLand station is continuously occupied by one to three scientists. The Hamburg Board of Harbour and Works operates on Scharhörn a weather station with a storm-tide warning service. The Jordsand Society strives for research projects in co-operation with the Ornithological Station, Helgoland (Vogelwarte Helgoland) and the Hamburg Board of Natural Protection (Naturschutzamt Hamburg). Because of the problems with the present power supply, these activities have been very Limited. For instance up to now it has not been possible to install a deep freezer to store collected birds for Later studies relating to environmental toxicology. The now installed photovoltaic system is designed to meet the average power requirements of the research facilities during the months from March through September. This span of time encompasses the critical months during which the adult birds mate, nest and nurture the young to independence. The diesel generator has been found to be extremely disruptive during this important season. The photovoltaic system is built up with a 4.6 kWp solar generator, a battery of 100 Ah at 220 V and an inverter of 5 kVA.
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 1. INTRODUCTION On this very special island, inside the Shoals National Park, a group of natural protection scientists (Jordsand Society) is stationed from March till November every year. Their main work is the observation of birds and their Life studies relating to environmental contamination. So with the Photovoltaic System the lives of the scientists will be more comfortable on the isLand and a lot of more scientific investigations can be done. 1.1 MAIN TASKS - Foundation: Steel profiles bolted together, acting as kind of anchor in the sandy ground - Structures: Prefabricated hot galvanized steel structures, standardized type (4 point fastening) - Solar Generator: AEG module type PQ 10/20 30 modules per string, 8 strings in parallel 4600 Wpeak power - Control System: AEG battery control unit - Accumulator: Nominal voltage 220 V DC, 110 cells connected in series capacity 100 Ah - Inverter: AEG transistor type G 220 E 220/23/2rtg-P5 nominal power 5 kVA (at cos phi 0.8) - Data Monitoring System: AEG type DAM 800 2. PHOTOVOLTAIC ARRAY Solar generator module: The modules type PQ 10/20/0 are the basic elements of the solar generator. The design data of the photovoltaic array are following: Material Module quantity Series connection Parallel connection Module surface Nominal power at am 1.5 –100 mW/cm2, 25 deg C cell temp.
 
 : : : : : :
 
 multicrystalline silicon 240 pcs PQ 10/20/0 30 modules 8 strings 60 m2 =4,6 kW
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 3. POWER CONDITIONING The storage battery was designed to guarantee 2 days of autonomous operation in “no sun” conditions. The battery consists of 18 lead acid elements 12 V, 2 OPzS 100 type, series connected to obtain a nominal voltage of 220 V and a capacity of 100 Ah. The battery control unit (BCU) handles the power from two solargenerator groups. Each group consists of 4 array strings. The BCU ensures an optimum charge of the battery. An DC/AC static inverter is installed to operate common electrical consumers. Technical data of the AEG inverter are following: Type Input voltage Input current Output voltage Frequency Nominal output Output current Efficiency
 
 : : : : : : : :
 
 AEG “Transopuls” Self-commutated single-phase Transistor inverter 220 V DC +20%/−15% 20 A (cos φ=0.8 ind.) 220 V AC +/−1% 50 Hz +/−0.5% 5 kVA 23 A 93% (cos φ=0.8 ind. and full load)
 
 4. DETAILS OF PHOTOVOLTAIC USER APPLIANCES Following electrical consumers are installed: -
 
 lamps two deep freezers small laboratory equipment lamps for insect traps radio 5. DATA MONITORING SYSTEM
 
 The data monitoring system consists of a weather station and data acquisition system, AEG type DAM 800. The whole system is designed according to the “Guidelines for Photovoltaic System Monitoring” by the Joint Research Centre, ISPRA Establishment. Following data are recorded: -
 
 irradiation IA ambient temperature TA cell temperature TC output energy solar generator EA energy consumption of the AC-load ELAC
 
 kWh/m2 deg C deg C kWh kWh
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 Figure 1
 
 This data are recorded on a floppy disk and can be shown on the screen already evaluated. For the battery observation in addition the voltage is stored. Especially for the long period in wintertime, without any operator, the system is designed to store data for a half years period. On the following pages you will find drawing “Data Monitoring” and first results.
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 6. PRESENT STATUS, EXPERIENCE OBTAINED After commissioning in April 1987 the Jordsand Society started the installation of the facilities for the ornithological and research station as follows: -
 
 lamps two deep freezers small laboratory equipment electrical insect traps radio
 
 Up to now, not all consumers are installed. During the period of May–October 1987 different optimizations are realized, especially the redesign of the solar generator mounting structure was necessary because the windspeed in the winter 86/87 was measured temporary higher than 180 km/h. In this winter season some modules were damaged. Therefore the module mounting was changed from 2 points to 4 points now. In April 1987 Phase IV started. Now the first data are available. Table 1 DATE
 
 TIME Einstrahlung [kW/ Umgebungstemp. Zellentemp. [oC] Solar-Leistung m2], [oC] [kw]
 
 AC-Verbraucher [kW]
 
 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 16/10/87 17/10/87 17/10/87 17/10/87 17/10/87 17/10/87 17/10/87 17/10/87 17/10/87 17/10/87
 
 12/39 13/39 14/39 15/39 16/39 17/39 18/39 19/39 20/39 21/39 22/39 23/39 00/39 01/39 02/39 03/39 04/39 05/39 06/39 07/39 08/39
 
 0.218 0.296 0.209 0.265 0.231 0.231 0.370 0.322 0.314 0.319 0.283 0.257 0.217 0.188 0.370 0.273 0.179 0.107 0.065 0.065 0.065
 
 0.098 0.032 0.444 0.390 0.096 0.048 0.002 0.002 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
 
 16.722 16.394 16.001 15.669 14.950 14.365 13.908 13.495 13.102 12.612 12.089 11.782 11.501 11.329 12.093 12.092 11.680 11.171 11.128 11.128 11.128
 
 21.297 21.240 19.735 18.289 15.458 14.477 13.332 12.855 12.576 12.081 11.433 11.189 10.990 10.952 11.763 11.860 11.516 10.792 10.723 10.723 10.723
 
 2.557 3.387 2.226 1.541 0.332 0.134 −0.030 −0.028 −0.024 −0.019 −0.016 −0.014 −0.014 −0.013 −0.011 −0.009 −0.009 −0.008 −0.008 −0.008 −0.008
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 DATE
 
 TIME Einstrahlung [kW/ Umgebungstemp. Zellentemp. [oC] Solar-Leistung m2], [oC] [kw]
 
 17/10/87 09/39 17/10/87 10/39 17/10/87 11/39 17/10/87 12/39 17/10/87 13/39 17/10/87 14/39 17/10/87 15/39 17/10/87 16/39 17/10/87 17/39 17/10/87 18/39 17/10/87 19/39 17/10/87 20/39 17/10/87 21/39 17/10/87 22/39 17/10/87 23/39 18/10/87 00/39 18/10/87 01/39 18/10/87 02/39 18/10/87 03/39 18/10/87 04/39 18/10/87 05/39 18/10/87 06/39 18/10/87 07/39 18/10/87 08/39 18/10/87 09/39 18/10/87 10/39 18/10/87 11/39 18/10/87 12/39 18/10/87 13/39 18/10/87 14/39 18/10/87 15/39 18/10/87 16/39 18/10/87 17/39 18/10/87 18/39 18/10/87 19/39 18/10/87 20/39 18/10/87 21/39 18/10/87 22/39 18/10/87 23/39
 
 0.332 0.752 0.870 0.938 0.859 0.738 0.471 0.137 0.015 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.023 0.205 0.497 0.720 0.845 0.911 0.884 0.764 0.563 0.268 0.038 0.002 0.002 0.002 0.002 0.002 0.002
 
 11.407 12.207 13.361 14.352 15.164 15.298 15.100 14.100 13.255 12.156 12.083 11.925 11.680 11.112 10.777 10.797 10.476 10.198 9.990 9.490 9.004 8.918 9.027 9.872 10.804 11.189 12.834 14.015 15.561 16.117 16.168 15.034 13.249 12.325 11.679 11.379 10.875 10.467 10.122
 
 14.496 19.435 21.919 23.704 23.734 22.258 19.552 15.132 12.785 11.179 11.242 11.079 10.831 10.211 9.795 9.915 9.710 9.447 9.267 8.718 8.285 8.236 8.535 11.677 16.805 19.173 23.752 25.588 27.724 26.719 23.559 18.274 13.029 11.738 11.210 10.996 10.518 10.189 9.877
 
 1.374 3.181 3.729 3.971 3.616 3.101 1.951 0.511 0.002 −0.042 −0.040 −0.038 −0.036 −0.034 −0.031 −0.030 −0. 029 −0.028 −0.026 −0.024 −0.023 −0.021 0.072 0.818 2.109 3.106 3.619 3.722 3.463 3.086 2.307 1.042 0.088 −0.045 −0.042 −0.038 −0.036 −0.033 −0.030
 
 AC-Verbraucher [kW] 0.212 0.211 0.249 0.240 0.209 0.233 0.221 0.220 0.224 0.295 0.241 0.184 0.231 0.233 0.289 0.224 0.201 0.196 0.212 0.199 0.195 0.220 0.168 0.208 0.224 0.197 0.247 0.217 0.187 0.257 0.260 0.202 0.220 0.284 0.219 0.259 0.243 0.322 0.267
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 Contract n° SE 098/85 SOLAR PHOTOVOLTAIC GENERATOR FOR THE ELECTRICITY SUPPLY OF THE DOMAINE DE LA PALISSADE—CAMARGUE SOLELEC Solar Systems The “Domaine de La Palissade” which belongs to the “Conservatoire de l’Espace Littoral et des Rivages Lacustres” since 1976, is a 702 hectares ownership located in Camargue, on the right bank and at the mouth of the Grand Rhone river, on the Commune of Aries, within the boundaries of the Regional Nature Reserve of Camargue. It includes a detached house (200m2), a house for guards (180m2) and numerous outbuildings. This domain is limited south by the sea, east by the Grand Rhone river, and west by “Le Grau de Piemançon”. It is constituted by alluvial earthworks since 1800, and located out of the dams which isolate the Camargue from soft water influence of the Rhone river and the sea. The domain of La Palissade is therefore the only natural zone left in Camargue: marshes directly linked with the Rhone river and the seaThe landscape is typical from Camargue. The richness of the faun and the variety of this area gave to the domain a vocation of observation post of the natural environment. The management of La Palissade has been entrusted to the Syndicat Mixte pour la Gestion du domaine de La Palissade, constituted by the department of Bouches du Rhone and the Town of Aries. This community is in charge of the protection of the environment, the reception of visitors and the development of pedagogical activities: experimentations wih the Office Regional de la Mer, reforestation experiments and scientific research. Due to its geographic location, its experimental and demonstrative effect, the electricity supply of the domain of La Palissade by a photovoltaic generator is a particularly interesting project.
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 Photo 2
 
 1) INTRODUCTION Previously the electrecity supply of the domain of La Palissade was secured by two diesel generators (10 KVA each) which running and maintenance costs were very high (about 70 000,00 FRF/year). To solve this problem, several projects were studied: ◊ connection to the national grid: the nearest site is the Salins de Giraud, located at 8 km. This project aborted very soon due to its very high cost (about 3 millions FRF in 1980): an underground line (protection of the environment) crossing the marshes Salins du Midi was necessary and the construction of a mid/low tension transformation station needed. ◊ connection to the national grid through an immersed electricity cable crossing the Rhone from Port Saint Louis: this solution was difficult to implement and not safe due to the frequent dredging of the Rhone. ◊ wind mill project: relatively interesting solution regarding its cost, but not adaptated to the site due to the irregularity of the wind in the region and the size of the aerogenerator. The solar photovoltaic solution: Due to its cost and its demonstrative effect the solar photovoltaic solution for the electrecity supply of La Palissade was chosen. A precise analysis of the needs and consumptions, for the elaboration of the project and its submission to EEC, allowed SOLELEC to respect exactly the project program as defined in the contract. The electricity supply consisted in the alimentation of: ◊ the main building:
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 -
 
 the reception center the exposition rooms the administrative center the animation center the director’s house
 
 ◊ the annex building:
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 - the guard’s house - the technical building - the garages ◊ the water pumping and treatment station for the requirements of buildings and the pumping system of the central heating.
 
 The analysis of the requirements, on an annual utilisation basis and a 7 days and 3 days autonomy respectively in winter and summer is:
 
 Main building: Annex building: Total:
 
 Winter consumption 12000Wh/day 7200Wh/day 19200Wh/day
 
 Summer consumption 9000Wh/day 29400Wh/day 38 400 Wh/day
 
 2) DESCRIPTION OF THE SYSTEM AND COSTS The solar photovoltaic generator consist in: -
 
 a 12 peak KWatts array a regulation and monitoring device a 120V/1420 Ah battery a DC/AC inverter
 
 Two emergency diesel generators (10 KVA each) are automatically driven by the monitoring device which start them in case of low level battery, or failure of the inverters. These generators cover the requirements of
 
 SESSION II: HOUSE ELECTRIFICATION
 
 163
 
 the receivers and also charge the battery till they rich a normal state of charge (see the synoptic of the generator next page).
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 Costs and financial sources of the project: The different costs of the project are the following: ◊ Sizing and project study.................................................................................................... ◊ Photovoltaic modules...................................................................................................... ◊ Array support struture....................................................................................................... ◊ Regulator........................................................................................................................ .. ◊ Manufacture................................................................................................................... . ◊ Battery............................................................................................................................ .. ◊ Inverter........................................................................................................................... .. ◊ Cabling and mounting accessories.................................................................................... ◊ Diesel generator coupling device......................................................................................... ◊ Tansportation and bringing into service............................................................................. ◊ Test, adjustments, on site technical reception..................................................................... ◊ Measurement campaion............................................................ TOTAL......................................................................................................................... .....
 
 60 000,00 FRF 730 000,00 FRF 27.000,00 FRF 37.000,00 FRF 110 000,00 FRF 95 000,00 FRF 98 000,00 FRF 24 000,00 FRF 29 000,00 FRF 150 000,00 FRF 30 000,00 FRF 105 000 00 FRF 1 495 000,00 FRF
 
 Financial sources: European Economic Community........................................................................ Provence, Alpes, Côte d’Azur Region and Agence Française pour la Maitrise de l’Energie................................................................ Conservatoire du Littoral..................................................................................... Conseil Général des Bouches du Rhône...............................................................
 
 40% ............. 598 000,00 FRF 20% ............. 299000,00FRF 10% ............. 149 500 00 FRF 10% ............. 149 500,00 FRF
 
 166
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 Commune 10% ............. 149 500 00 FRF d’Aries............................................................................................... Syndicat Mixte pour la Gestion du Domaine de La 10% ............. 149 500,00 FRF Palissade................................. TOTAL................................................................................................. 1495 000,00 FRF ................................. 3) POWER CONDITIONNING ◊ Array: the array is composed of 60 groups of 5 modules, these groups being wired in series by pairs, to reach the nominal tension of the generator which is 120 volts. A pair (10 PV modules of 40 Watts) is connected in parallel to 5 others to reach the nominal power of a sub array (60 PV modules, nominal 12,5 A/ 120Volts).
 
 ◊ Regulation: the power coming from the 6 sub arrays is treated by 3 regulation stages (4 000 peak watts each). The principle of the regulator is based on the battery tension (V. REF.) which drives the openning or closing of the regulation power contactors (see the diagram hereunder). When the battery tension is lower than V.REF. the three stages of the regulator are connected. When V.REF. is reached, contactor III is disconnected and for a calculated delay of 10 minutes the array still charges the battery through contactors I and II. At the completion of this temporizing, the battery level is once again compared to the reference, if lower, contactor III is reconnected, if upper, contactor II is also disconnected. Metering devices (voltmeter and ammmeter) located on the front part of the regulator allow the control of each sub array and the charging conditions of the battery.
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 ◊ Battery: the battery is composed of 60 long life elements of 2 votls/1420 Ah (capacity in 100 hours) with tubular positive plates sized for 7 days autonomy in winter, and 3 days autonomy in summer. An element consist in a one piece injection moulded container including diecast positive grids with low antimony lead and flat negative plates separated by microporous rubber with spacing material of minimum resistance. This construction ensures an effective separation of the plates and prevent internal short circuit throughout the life of the cell. ◊ Back-up power supply: it consist in 2 diesel generators of 10KVA each, one generator to be used in emmergency (by manual start up), in case of failure of the other one. The start up of the main generator is automatically driven by a low battery level, or a failure of the inverter: the generator then directly provides energy to the user (in AC current), and also charge the battery through a charger. This situation can happen in case of an over energy consumption but in normal operation conditions the diesel generating plant should not be used, for the PV generator has been sized to supply the whole energy needed by the different users. ◊ Inverters: their role is to transform the 120V DC current coming from the battery, into 220 V/50Hz AC current. Due to the very irregular profile of the utilization (depending of the hour of the day, the type of receiving apparatus in use, the number of visitors…) two inverters (2,5 and 10KVA) were necessary to transform energy in satisfactory conditions and with an optimized efficiency. The start up of one or the other inverter is driven by the level of power required by the utilization, the changing of inverter being completely automatic. 4) DETAIL OF PV USER APPLIANCES Main building: -lights..................................................................... -typewriter............................................................... -photocopier...........................................................
 
 number 43............. 1................ 1.................
 
 unit power watts 60............. 650............ 1200............
 
 total power watts 2580 650 1200
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 Main building: -vacuum cleaner...................................................... -aquarium filter device............................................. -aquarium ventilator.................................................. -aquarium neon light.......................................................... -flood light......................................................................... -boiler pump...................................................................... -boiler starter..................................................................... refrigerator..................................................................... . TV.................................................................................. Video.............................................................................
 
 number 1................ 1................ 2.............. 4.............
 
 unit power watts 900............ 100............ 20............ 36...........
 
 total power watts 900 100 40 144
 
 3.............
 
 250.........
 
 750
 
 1.........
 
 165............
 
 165
 
 1...............
 
 100...........
 
 100
 
 1...............
 
 100...........
 
 100
 
 1...............
 
 115...........
 
 115
 
 1..............
 
 50............
 
 50 Total=6 894 W
 
 Outdoor buildings: ◊ dining hall: -lights............................................................................. -heating.......................................................................... ◊ water teatment station light................................................................................ -pump 1........................................................................... pump2............................................................................ -pump 3........................................................................... chlorinator...................................................................... softener........................................................................... .......... ◊ workshop lights............................................................................... .......... drill................................................................................. ..........
 
 number
 
 unit power wattsr total power watts
 
 5............... 100........... 2............... 2000..........
 
 500 4000
 
 1.............
 
 60............
 
 60
 
 1.............. 1..............
 
 1100......... 1000.........
 
 1100 1000
 
 1.............. 1..............
 
 750.......... 200..........
 
 750 200
 
 1............... 55.............
 
 55
 
 3............... 60.............
 
 180
 
 1............... 900...........
 
 900
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 Outdoor buildings:
 
 number
 
 unit power wattsr total power watts Total=8745 W
 
 Guards house: lights............................................................................... .................. heating............................................................................ ................. heating............................................................................ ................. radio................................................................................ ................ refrigetator...................................................................... .................. oven................................................................................ ................. -washing machine (heating)................................................................ -washing machine (motor)................................................................. TV................................................................................... .............. -vacuum cleaner............................................................................. ... -laundry iron.................................................................................. ...
 
 number unit power watts total power watts 12 ............ 60............. 720 1..............
 
 1200.........
 
 1200
 
 1 .............
 
 2000.........
 
 2000
 
 2 .............
 
 5 .............
 
 10
 
 1............... 150..........
 
 150
 
 1............
 
 1000........
 
 1000
 
 1.............
 
 2400........
 
 2400
 
 1.............
 
 900.........
 
 900
 
 1 .............
 
 90 ...........
 
 90
 
 1..............
 
 1000.........
 
 1000
 
 1..............
 
 900 ..........
 
 900 Total=10 370 W
 
 TOTAL POWER TO BE SUPPLIED: 26 009 W 5) MONITORING SHEME The monitoring of the system consist in the daily measurement of the following data: (see the diagram hereunder)
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 the daily solar energy received on site on an horizontal surface (Wh/m2/day) the daily solar energy received on site on the tilted surface (Wh/m2/day) the energy produced by the array (Ahpv) the energy stored by the battery (Ahb) the energy entering the inverter (Aho) the energy supplied by the inverter (Cao) the energy supplied by the diesel generator (Cage) the energy entering the battery charger (Cagb) the energy supplied to the battery through the charger (Ahch) the energy supplied by the diesel generator directly to the utilisation (Cagu) the energy consummed at the utilization (Cap) the daily duration of the utilisation of the inverter the daily duration of the utilisation of the diesel generator
 
 These measurements allow the calculation of the efficiency of the different parts of the generator: photovoltaic array, battery, inverter, battery charger and the comparison of the energy produced by the PV generator and the one produced by the diesel generator (if any). All these data are collected automatically and transmitted, from La Palissade, to their treatment centre by an ARGOS beacon; by this mean the data are received on a micro computer (or on a Minitel) and directly treated and analysed. A complete analysis should be published after completion of a two year measurement campaign. 6) PROBLEMS ENCOUNTERD DURING INSTALLATIONJ AND COMMISIONNING - administrative problems concerning the legislation of collectivity markets in France.
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 - problems relative to urban rules and building licence. - problems to define the optimum location of the array in order to be the nearest to the technical building and in the same time to avoid shades on every part of the array. 7) EXPERIENCE OBTAINED Mainly technical experience has been gained from the La Palissade project: - elaboration of a sequential regulation system. - characteristic of high voltage battery system and differences between lower tension systems. - high power inverters, and their utilization in parallel with lower power models in order to optimize the utilization of energy. - automatic coupling of inverters of different capacity. - automatic coupling between PV generator and diesel generator. - measurement methods and data recording, treatment and analysis. but also an experience in management of important projects, relationship between the different partners involved, management of building site… Due to the numerous data recorded, the La Palissade project will allow an acute analysis of the running of an important PV generator and emphasize its demonstrative effect. Contract n° SE 692–84 PHOTOVOLTAIC LIGHTING OF ARCHEOLOGICAL SITES F.BASEVI, E.BRICCA, M.ORSONI ITALSOLAR S.p.A. Via A.D’Andrea, 6 I—00048 Nettuno Summary Lighting and auxiliary services powering for archeological sites in Tuscany will be provided by means of photovoltaic systems. A 19,800 Wp PV array will power the indoor and outdoor lighting system of Cetona caves, few kilometres from Cetona village, while a 6,600 Wp PV array will feed the external lighting of Ildebranda Tomb near Sovana village and, when needed, the sump pump for rain drainage of the underground chambers. Presently detailed design is completed, as well as purchasing procedures, while installation activities have had a delay to start owing to delays in obtaining permits from Environmental Protection and Fine Arts authorities. 1. INTRODUCTION Objective of this project was to illuminate two extremely interesting archeological sites, in the mounty part of the Etruscian area in Tuscany, not connected to the national utility grid, in order to allow tourists to visit them and to prevent one of them from being regularly flooded by rainfalls.
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 Cetona caves openings, on a steep hillside, lead to several grottos in sequence where human findings of previllanovian period were encountered and an Etruscian necropolys. Internal lighting will be provided in four grottos during the day, while from twilight on, the path leading to the caves and caves openings will be illuminated for a few hours. The second site, Ildebranda tomb, belongs to an important Etruscian necropolys near Sorano and is of high aristic and archeological interest. The front of the tomb, carved in the hillrock, will be lighted from twilight on, while the mortuary chamber will be illuminated during the day. When needed, a sump pump will operate to extract rain water from the mortuary chamber itself that is situated below ground level. The photovoltaic system are modular, the Cetona one being exactly three times the Ildebranda one, and consist of the following main components: Cetona 19,800 700 5,000 1 37 --
 
 photovoltaic array (Wp) storage batteries (Ah) DC/AC converter (VA) control board lights (nr) water pump (nr)
 
 Sovana 6,600 300 3,500 1 17 1
 
 2. PHOTOVOLTAIC ARRAY The photovoltaic arrays consists of 72 DL 2×36 ITALSOLAR modules, for Cetona plant, and 36 MS type for Sovana plant connected in strings of 25 and respectively 21 modules each, with the following characteristics:
 
 modules (nr) strings (nr) subfields (nr) open circuit voltage (V) short circuit current (A) nominal voltage (V) tilt angle (deg)
 
 Cetona 300 12 3 525 54 300 35
 
 Sovana 168 8 1 525 18 300 35
 
 (21 modules each)
 
 3. POWER CONDITIONING The storage was designed to guarantee 5 days of autonomous operation in “no sun” conditions for both installations. In Cetona it consists of 150 lead acid elements FIAMM SMBF/7 type, series connected to obtain a nominal voltage of 300 V and a capacity of 700 Ah (over 10 hrs). In Sovana 150 elements FIAMM SMBF/6 type connected in the same way, provide on overall capacity of 300 Ah (over 10 hrs). Three charge regulators handle the power from the twelve array strings in Cetona while on is sufficient for the Sovano array. In the control cabinet switches and overvoltage and surge protections are also housed.
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 The DC/AC static converters, similar in design but not in size, have the following features: Cetona Sovana 5 3,5 7,5 5,2 300 V, DC, +20 %, −10 % 220 V, ±2 % 50 Hz, ±0,5 Hz >75 %
 
 rated output (kVA, cosø 0,8) maximum output (kVA) input voltage output voltage frequency efficiency at nominal load
 
 4. DETAILS OF PV USER APPLIANCES Twentyfour incandescent 40 W lamps in waterproof casing will be installed inside the Cetona caves, while thirteen 40 W fluorescent ones will be installed outside; incandescent lights, although with lower louminous efficiency, have been chosen because of better quality of light and their better resistance to moist environment. In Sorano two 250 W spot lamps will floodlight the tomb facade while six 40 W incandescent lights will illuminate the underground rooms; nine flourescent 40 W lamps will light up the surroundings and the auxiliaries room. A 250 W sump pump 220 V, 50 Hz is also provided, to drain rain water when necessary. 5. MONITORING SCHEME At Cetona the following parameters will be monitored and recorded:
 
 Insolation, global (horizontal) Insolation, array plane Max. wind speed at 10 m height Wind direction at 10 m height Max ambient temperature Max module temperature Array output energy Battery charging or discharging current Energy to and from batteries Inverter DC energy Inverter AC energy Energy to DC loads Energy to AC loads
 
 Units kWh/m2 kWh/m2 m/s deg degC degC kWh A kWh kWh kWh kWh kWh
 
 as required by the “Guidelines for Photovoltaic System Monitoring” issued by Joint Research Centre and Directorate General for Energy of CEC, January 1985.
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 In addition to that the following data will also be recorded: Units YES/NO YES/NO V A A A
 
 Circuit opening for max voltage array/battery Circuit opening for max voltage battery/loads Battery voltage Array current Current to the load Current to the 5 kVA inverter 6. PRESENT STATUS
 
 Cetona plant has been completed early in 1988. Delay was mainly due to difficulties in obtaining installation permits from Italian authorities. Moreover for Sovana plant, ENEA, the second financial sponsor of the venture, after EEC, deemed necessary to change the type of panels from 72 DL 2×36, to 36 MD 5" type, a new type of panel with double glass encapsulation. It was, therefore necessary to redesign structures, and to adapt balance of system to the characteristics of the new photovoltaic modules. CONTRACT NO. SE 313 83 HE GAVDOS PHOTOVOLTAIC POWER PLANT J.CHADJIVASSILIADIS/G.BETZIOS *) and H.KADELLA **) *) Public Power Corporation, Athens/Greece **) Siemens Solar GmbH, Bergisch Gladbach/FRG Summary Gavdos is a remote island located in the Libyan Sea, south of Crete, and it is the southmost part of Europe. No electricity exists on the island, but it offers the most favourable conditions for solar radiation and photovoltaic applications. The purpose of the project is to demonstrate photovoltaic generators as technically suitable, economically achievable and socially well accepted as todays solution to meet the electrical energy demand of remote islands. The concept for the electrification of the island is to install a central photovoltaic power station to supply the existing small communities. The project is realized by the consortium PPC and Interatom/ Siemens Solar GmbH within the CEC demonstration programme 1983. An architectural design was elaborated adapting the plant to the environment. Seasonal adjustment of the filt angle is provided in order to adapt the output of the PV generator to the demand. Low energy consumption domestic appliances such as lighting lamps, refrigerators and TV sets, are provided for the consumers. A new type of solar inverter is developed for this project, consisting of a DC/ DC-converter and a DC/AC-inverter with very high efficiency. The inverter is designed to operate in four quadrants for a possible integration of a wind converter when the demand will be increased in the future. Two transmission lines leading from the PV plant to the two communities and the relevant network have been erected to supply the consumers with AC 220/380 V, 50 Hz.
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 The plant is in operation since June 87 and is ready to supply the consumers when all internal electrical installation of the houses will be completed. 1 INTRODUCTION Gavdos Island is exactly situated at a Latitude 34° 50' N and Altitude 24° 05' E. Two communities are located on the island, Kastri and Vatsiana, and some dispersed houses. The population varies between 70 persons in winter and 90 persons in summer with additional visitors during the Summer season. A central photovoltaic plant of 20 kWp is installed between the two communities and two lines for three phase A.C. will supply the consumers, one for each community (see Fig. 1). An area of 3000 m2 was necessary for the installation of the plant. An architectural design was elaborated adapting the plant to the environment. An old windmill is used for the installation of the electronical equipment and a small housing for the battery storage was built in a traditional way. 2 PHOTOVOLTAIC ARRAY The rated power of the photovoltaic arrays is 20 kWp. 160 monocrystaline silicon modules type SM 144 manufactured by Siemens AG are installed in 8 arrays (see Fig. 2). The dimensions of the modules is 1020×1470 mm mounted 144 round cells of 10 cm diameter with a rated power of 130 Wp. The module frame is of anodized extruded aluminium, the module thus being capable of withstanding high surfaceloading. The module is equipped with protection diodes which are located within the terminal box. 20 modules are connected in series to one branch and mounted on one supporting structure (see Fig. 3). The supporting structures are simply designed by using H section and tubes of hot galvanized steel. A good stability of the supporting is achieved by placing the middle of the module above the upper mounting tube. The construction provides an easy seasonal adjustment of the tilt angle. Lightning conductors and earthing system is installed in the generator field to protect the installation. Special devices by varistors are used also to protect the modules and the electronic equipment against lightnings. 3 POWER CONDITIONING A storage battery consisting of 250 lead acid elements (2 V, 468 Ah each one) connected in two parallel groups (250 V, 936 Ah) is used, manufactured by TUDOR HELLAS. A new type of solar inverter is developed for this project. In one cubicle are mounted both the DC/DCconverter and the DC/AC-inverter, (see Fig. 4). The task of the DC/DC part of the solar inverter is the decoupling of the photovoltaic generator voltage from the battery voltage. In this way the solar generator can be utilized in an optimal way. In addition an MPP-Tracker is connected to utilize the solar field optimally. The efficiency of the DC/DC part is extremely high (96 %). The DC/AC part is of 30 kVA rated power, three phases 230/ 400 V, 50 Hz. The efficiency is very high, 94% at the rated power and above 90% at 20% of the rated power. The no load losses are limited to 800 W. This inverter is designed to operate in four quadrants for a possible integration of a wind converter when the
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 demand will be increased in the future. The solar inverter is installed in an old windmill while the storage battery in a small housing. 4 PV USER APPLIANCES The consumer will be provided by low energy consumption domestic appliances such as lighting lamps, TV sets and refrigerators. In additional special lamps will be used for street lighting: - for the illumination, special energy saving lamps 18 W, 900 1m - for refrigerators, 120 1 with very good isolation - TV sets, colour TV 50 W with 16" tube. The capacity of the plant can meet the demand of the consumers during summer and winter by a seasonal adjustment of the modules tilt angle. The transmission lines and the distribution sytem are designed to have very low losses and to protect the plant against short circuits. A superimposed control is provided to receive data and to act to the solar inverter and switching devices. 5 MONITORING SYSTEM A monitoring system developed by Interatom according to the CEC/ISPRA guidelines is installed for the beginning of operation of the plant, for a period up to the time when the monitoring system provided by PPC will be ready for installation. This data acquisition sytem is also designed according to the ISPRA guidelines with equipment of Hewlett-Packard. The HP 3421A Data Acquisition unit will be used with a capacity of 30 analog and/or digital indication inputs. The HP 71B Handheld computer is connected to the Data Acquisition unit via a HP-IL link. The HP-71B computer includes a quarz crystal clock and can turn on the HP3421A unit, trigger to scan a list of up to 30 inputs, instruct a mass memory to store the readings and then power down the entire system until the next time passes. The HP-9114B portable Microfloppy shall be used as mass storage media. The active system shall be supplied by 12 V DC. The peak power consumption is estimated to be less than 200 W with an average power consumption less than 25 W. The data scanning of the required measurements will be done on a periodic basis with a time interval of the order of about 10 seconds. By an appropriate subroutine running in the HP-71B computer the average values of the sampled measurements will be calculated and stored in the computer’s RAM every 10 minutes. The 10 minute averaged values will be transfered from the computer’s RAM to the floppydisc every hour. The floppydisc will be transferred in Athens every month and from a central system a copy of a floppydisc will be produced and sent to CEC/ISPRA. The analysis of data for several useful conclusions will be done in Athens in a small central system (HP-86B).
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 Fig. 1 GAVDOS ISLAND THE CENTRAL 20 KWp PV POWER STATION
 
 6 INSTALLATION AND COMMISSIONING An access road to the site has been constructed and the area prepared for installation. A small housing for the batteries was built and the old windmill restored for the installation of the electronic equipment. All the components of the plant have been transported from Germany and Athens via Crete to the island. The transportation from south Crete to the site was a very difficult task due to the lack of infrastructure and site supporting devices. The plant has been erected during the summer season 1986 and it was completed at the end of October. Because of the difficulties to reach the island in the winter season the commissioning was foreseen for the first months of 1987. The commissioning started the first days of March 1987 but unfortunately it had to be interrupted due to the extremely hard weather conditions unusually for this region. Therefore the commissioning was continued in May 1987. The plant is now in operation since June 87 and is ready to supply the consumers when the internal electrical installation of the houses will be completed. CONTRACT NR SE/314/83 ANTIKYTHIRA SOLAR PHOTOVOLTAIC POWER PLANT J.CHADJIVASSILIADIS*, G.BETZIOS* and H.J.LOWALT+
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 Fig. 2 GAVDOS PV PLANT 20 KWp GENERAL LAYOUT
 
 * PPC/Alternative Energy Forms, Navarinou str. 10, Athens—Greece + AEG Actiengesellschaft F.R.G. Summary Antikythira is a small island located between Kythira and Crete. Several small communities and houses are dispersed in the island. Solar photovoltaic generators are used for the electrification of the island except for the harbour Potamos which has recently been electrified by a diesel power station. The aim of this project is to demonstrate photovoltaic applications as technically suitable, economically achievable and socially well adapted, as today’s solution to the electrical energy needs of dispersed communities and houses of a small island. A central photovoltaic power station of a capacity of 25kWp supplies the nearest communities, and twelve small autonomous photovoltaic units supply the remote houses. Low energy consumption domestic appliances are used by the consumers. Lead acid storage battery is used to supply contineously the consumers day and night, even in cloudy days. The plant is designed to operate automatically without attendance, to cover the low season (winter) and high season (summer) demand. The central plant was in a trial operation from April to October 1987 supplying the street lights. After some additional tests, the central plant and the autonomous PV units have been supplying the houses, since October 1987.
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 Fig. 3 GAVDOS PV PLANT 20 KWp PANNEL SUPPORTING STRUCTURE
 
 1. Introduction Antikythira is a small island located between Kythira and Crete, with a latitude of 35°52' N and altitude 23° 18' E. One community, Potamos, is sited in the port and some others are dispersed in the middle of the island. In addition, some houses are located in other sites of the island. Two years ago a diesel power station was installed to supply the community of Potamos. The electrification of the other communities and remote houses is provided by solar photovoltaic power generation under this project. A central photovoltaic power plant of 25kWp capacity, and 12 small autonomous PV units of 0,7 kWp each for 12 remote houses, are provided. The central power plant feeds the consumers by 220V/380V A.C. while the small independent units by 24 V.D.C. Low energy consumption domestic appliances are used by the consumers. The population varies from 70 inhabitants in winter season to about 120 in summer season. 2. Photovoltaic array The rated power of photovoltaic arrays is 25 kWp for the central PV power station and 8,4 kWp for the 12 remote houses. The cells are of polycrystalline silicon manufactured by AEG. The module consists of 40 cells connected in series. All inter-connectors are welded. The cells are embedded like a sandwich between two hardened glass sheets and plastic layers. For an optimal way of
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 Fig. 4 GAVDOS PV PLANT 20 KWp BLOCK DIAGRAM
 
 module installation and to reduce the structure costs, each module is equipped with mounting fittings. The framing of the module is done with stainless steel so a very long lifespan is promised. The electrical data of the modules may be taken from the following data sheet.
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 Caracteristics values
 
 (AM 1.5–100mW/cm2)
 
 Open circuit voltage (V) Short circuit current (A) Current at max. power (A) Nominal power (W)
 
 Solar O° C 24.6 2.37 2.18 42.6
 
 Cell 25°C 22.4 2.41 2.20 38.4
 
 181
 
 Temperature 60° C 19.2 2.46 2.23 32.4
 
 16 Modules are connected in series to from a string. 45 strings comprise the whole generator. The generator is divided into 8 switchable groups which are connected via underground cables to the DC-busbar. Each group is equipped in field with varistors for lightning protection. In addition lightning protection spikes are installed. The supporting structures are simply designed by using normal profile sections of hot galvanized steel. The tilt angle of the module is constant and 43° was found to be the optimum angle to meet the demand for both summer and winter seasons. 3. Power conditioning The inverter is a 30 kVA self commutated inverter manufactured by AEG for the stand alone operation mode, built up with fully controlled thyristor bridges and a comparable output quality with utility boards. For the operation in remote areas it is of great importance to assure all safety preparations for the human life and to guarantee a reliable function. To realize this well adapted function of the whole system an industrial type of inverter is used. Self Commutated Inverter
 
 Technical Data Nominal Power AC Voltage AC Voltage deviation range Frequency deviation range Assymmetrical load (possible) Efficiency Harmonic distrorsion Voltage variation range DC Nominal voltage DC Overload capacity Short circuit Voltage AC adjustable
 
 : 30kVA : 400/230 V 50 Hz : +/−2% at symetrical load : +/−0,5% : 100% (neutral line carry full load) : 91% (100% load, load factor 0,8) : 84% (20% load, load factor 0,8) : 5% : +/−20% : 220 V : 120% for 10 min : proof : +/−5%
 
 Battery size and operation The storage battery consists of 216 lead acid elements of 546 Ah each. The elements are connected in two parallel groups comprising storage system of 216V nominal voltage and 1092 Ah nominal capacity.
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 The batteries for the single houses are of 24 V, 300Ah for each one consisting of 4 blocks (one block consists of 3 cells) Single house supply
 
 The individual house supply systems were installed with their own DC equipment. The solar generator is built upas one electrical group. The electrical systems are very simple, therefore no electronic equipment was installed . Only shunt regulators are foreseen. They regulate the battery voltage above the gassing voltage in order to prevent an overcharge and to reduce water losses of the electrolyte. The voltage range accuracy is +/ −2%. A temperature compensation will be integrated. Special consumer appliances minimize the total power consumption. A deep discharge of the battery is prevented by switching off the consumers if the voltage falls below a certain value. 4. Details of PV User appliances (equipment) Low energy consumption appliances are partly (except of the TV sets) used by the consumers. - for illumination, special lamps of 18 W, 900 1m for the houses and street lights - refrigerators of a capacity of 110 1 and 60 W motors with very good insulation - TV sets color TV of 50 W and 16" tube For the single houses the same appliances are provided in 24V DC. 5. Monitoring scheme A data aquisition system according to the guidelines of ISPRA has been designed with data aquisition and instrumentation equipment of Hewlett—Packard and has been in operation since the end of April 1988 , (see fig. 6 and 7). The H-P 3421 Data Aquisition unit is used with a capacity of 30 analog and/or digital indication inputs. The H-P71B Handheld computer is connected to the Data Aquisition unit via a HP-IL link. The HP-71B computer includes a quartz crystal clock and can turn on the HP3421A unit, trigger to scan a list of up to 30 inputs, instruct a mass memory to store the reading and then power down the entire system until the next time passes. The HP-9114B portable Microfloppy is used as mass storage medium. The active system is supplied by 12 VDC. The peak power consumption is estimated to be less than 200 W with an average power consumption less than 25 W. The data scanning of the required measurements is done on a periodic basis with a time interval of the order of about 10 seconds. By an appropriate subroutine running in the HP-71B computer the average values of the sampled measurements will be calculated and stored in the computer’s RAM every 10 minutes. The 10 minutes average values will be transfered from the computer’s RAM to the floppydisc every hour. The floppydisc will be transferred in Athens every month and from a central system a copy of a floppydisc will be produced and sent to CEC/ISPRA. The analysis of data for several useful conclusions will be done in Athens in a small central system (H-P86B).
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 Figure 1: Antikythira PV plant 25 KWp pannel supporting structure
 
 6. Experience obtained during Installation and Commissioning For the installation of the central power plant an area of 3000 m2 has been used located centrally between the communities. The arrays have been arranged as shown in the fig. 2 . In the north part, a small building has been erected for the installation of the batteries and the electronic equipment. The foundation of the supporting structures of the modules is made by concrete. An extended distribution system has been erected to supply the houses, (Fig. 3). All the materials for the installation have been transported by ship from Piraeus and South Peloponnesus to the port of Antikythira and then by a tractor and carriage to the site. The modules, the electronic equipment and the refrigerators were transported by lorries from Germany to Piraeus and then by the same way to the island. The plant was erected during the summer season 1986 and was completed, after a break during winter time, at the end of March, 1987. Commissioning of the central plant was finished in April 1987, and it had been in trial operation supplying the street lights till October 1987. Acceptance tests were done in October 1987 and 17 consumers were connected to the grid. At the same time commissioning and acceptance tests of the autonomous units and their connection to the consumers were completed. Now the consumers use the lamps and the refrigirators whereas TV sets will be provided later. ARKIISLAND
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 Figure 2: Antikythira PV plant 25 KWp
 
 CONTRACT NR SE/404/83 ARKI SOLAR PHOTOVOLTAIC POWER PLANT J.CHADJIVASSILIADIS* , G.VERGOS*, G.BETZIOS*, and J.WILLE** * Public Power Corporation
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 Figure 3: Antikythira Island
 
 **Tractebel, Belgium Summary The installation of a photovoltaic power plant on the Arki island aims at supplying electricity to the community of this small and isolated Aegean island. The ultimate objective is to prove the reliability of P/V systems in autonomous operation, on which a more substantial P/V systems utilization policy could be based. A central photovoltaic plant of a capacity of 25 kWp will supply electricity to the community. High efficiency domestic appliances will be used by the consumers. The installation of the equipment was
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 Figure 4: Antikythira PV Power Plant 25 kWp Bloc Diagram
 
 Figure 5: Antikythira-Single House Supply Bloc Diagram
 
 completed in December 1987 and the plant was successfully commissioned in late April 1988. The delay in completing the project is attributed to the remoteness of the island and the near total absense of local infrastructure . 1. Introduction The project concerns the installation of a 25kWp photovoltaic station in the Aegean island of Arki for the electrification of its small community, (see fig. 1).
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 Figure 6: Data acquisition block diagram
 
 Figure 7: System for elaboration data and analysis
 
 The population of the island varies from 60 inhabitants in winter season to about 100 inhabitants in summer season. Low energy consumption domestic appliances will be used by the consumers. 2. Photovoltaic array The rated power of the photovoltaic array is 25kWp. The polycrystaline silicon cells have been manufactured by Photon Technology. Each module consists of 40 cells with a rated peak power output of 36 Wp. The whole generator consists of 43 branches with sixteen modules per branch. Each branch is connected by underground cables to the DC busbar, (see fig. 2). The design of the supporting structures is based on standard profile sections of hot galvanized steel .
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 The tilt angle of the modules is season adjustable, for summer time the angle is fixed at 15° and for the winter time at 50° in order to match the load requirements and to increase the power output of the PV array. 3. Power Conditioning The main objective of the power conditioning and regulation systems is to use as much as possible the available solar energy, to prevent overcharging of the batteries and to deliver the current required by the load. The regulation consists of the regulator control unit and the regulator switching circuits, (see fig. 4). The 43 branches of the solar field are considered as current sources and are switched in or out by means of the switching circuits controlled by the regulator control unit, depending on the state of the battery and the load. If the battery is completely charged, the regulator switches on only the branches necessary to supply the current to the inverter input in order to meet the load requirements at that time. The division of the PV array in several branches allows a very accurate control of the charging cycle of the batteriea. Similarly the control unit prevents excessive battery discharge, manual operation allowing the switching in or out of any branch is also possible. The regulator has been manufactured by CET (Liege). The storage battery consists of 105 lead acid elements manufactured by TUDOR HELLAS. The nominal voltage of the battery is 210V and its nominal capacity 1440 Ah. The plant is equipped with a threephase self commutated inverter manufactured by AEG, operating in stand-alone mode. The efficiency of the inverter for three load condition is given in the table below: Input voltage nominal voltage 240V nominal voltage 240V nominal voltage 240V
 
 load full load (cosφ=0,8) 50% load (cosφ=0,8) 10% load (cosφ=1)
 
 efficiency (η) 91% 89% 73%
 
 The plant is also equipped with an AC/DC rectifier also supplied by CET, which allows charging of the battery from an AC back-up power source. 4. Details of PV User appliances (equipment) Low energy consumption appliances will be used by the inhabitants. - special lamps of 18W, 900 1m for the houses and street lighting - refregerators of capacity of 120 1,70W motor - TV sets color TV of 50W and 16" tube. In addition to the houses some shops and public offices will be electrified. All these appliances will be shortly delivered.
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 5. Monitoring scheme A data aquisition system has been designed according to the guidelines of ISPRA. The data aquisition and instrumentation equipment was supplied by Hewlett—Packard, (see fig. page 215). The H-P 3421 A data Aquisition unit is equipped with 30 analog and/or digital indication input circuits. The H-P71B Handheld computer is connected to the Data Aquisition unit via a HP-IL link. The HP-71B computer includes a quartz crystal clock and can turn on the HP3421A unit, trigger it to scan a list of up to 30 inputs, store the readings to a mass memory and to power down the entire system until the next scan. The HP9114B portable Microfloppy shall be used as mass storage medium. The active system shall be powered by a 12VDC power supply.The peak power consumption is estimated to be less than 200 W with an average power consumption below 25 W. The periodic scan rate is fixed at 10 seconds. By an appropriate subroutine running in the HP-71B computer the average values of the sampled measurements will be calculated and stored in the computer’s RAM every 10 minutes. The 10 minute average values will be transfered from the computer’s RAM to the floppydisc every hour. The floppy disc will be monthly collected and transfered to Athens where a copy of it will be produced and sent to CEC/ISPRA. Subsequent analysis of data shall allow to derive from these measurements several useful conclusions. This analysis will be performed in Athens on a small central system (H-P86B). The Data Acquisition system will be installed in the next few months. 6. Experience obtained during Installation and Comnissioning. Aside of the problems caused by the remoteness of the island, the associated access problems and the great difficulty encountered in finding a subcontractor for civil works, everything else run quite satisfactorily and useful experience was gained by PPC personnel. The only problem encountered during commissioning was that some modules have been found to have problems with their insulation. A full report will be given in the next meeting. 7. Experence obtained during Operation As the plant has been operational for only a short period of time we cannot formulate any conclusions but everything seems to be running smoothly. CONTRACT NO. SE 187/85 Autonomous photovoltaic power supply for a housing complex in Greece W.WILLKOMM* and K.P.MAASS** *Institut für Industrialisierung des Bauens Postfach 21 0560, D-3000 Hannover 21 **AEG Aktiengesellschaft Fachbereich Neue Technologien, Raumfahrt
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 Figure 1: Arki PV Plant 25 KWp Map of the Island
 
 Industriestraße 29, D-2000 Wedel/Holstein SUMMARY The project is to demonstrate the autonomous photovoltaic power supply of holiday appartments in Greece. For this purpose, a photovoltaic system will be integrated into such appartments which have been newly built in accordance with the conventional architecture of the region. The location of the project is the Greek island of Karpathos (35°30’N, 27°10’E, see fig. 1). Work was started in April 1986 as planned in the work programme with planning. A preliminary choice of suitable alternatives for building integration was developed and assessed. The results of these assessments were modfications of the building shape and an additional integration task, namely the combination of a thermosyphon collector system and the photovoltaic system within the same roof structure (see fig. 2). The buildings themselves are completed, the P.V. system has been produced and transported in the meantime, the integration and the start of the monitoring phase will take place within the next weeks.
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 Figure 2: Arki PV Plant 25 kWp—General Layout
 
 1 INTRODUCTION The aims of the project are: - Technical, functional and formal integration of photovoltaic power supplies in an autonomous housing complex
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 Figure 3: Arki PV Plant 25 KWp—Pannel supporting structure
 
 - Typical clarification of functional and productional conditions for a group of four units in a vacation colony on the island Karpathos (Greece) - Preparation of the solar generator, for a mass-utilisation in this field, in order to reach a good multiplication effect (economical-ecological) - Establishing criteria for product-integration in the European Communities (especially in Southern Europe) as well as technology transfer to countries of the Third World. The project ist located on the island of Karpathos in Greece about 3 kilometres north of the harbour city Karpathos close to the beach because this shows a very typical case for many decentralized housing complexes in Southern Europe and the Third World. Power supply here as in comparable places comes from a local Diesel generator creating the need of fuel imports and long transportation ways at high costs. Therefore the type and location of the project seemed to be very suitable to gain experiences for a large number of similar cases.
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 Block Diagram
 
 Figure 4: Arki PV Plant 25KWp
 
 SESSION II: HOUSE ELECTRIFICATION
 
 Work was started in April 1986 as planned in the work programme with “Planning and Project Coordination” in phase I in cooperation of the partners A+M Athens and IIB Hannover including the examination of local building concepts according to different alternatives for integration of the PV-System. A preliminary choice was made of generally suitable alternatives for the further detained planning, after development and assessment of different alternatives had been carried out. During site visits on the island of Karpathos with A+M, IIB, the owner of the vacation houses and the local building coordinator and during
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 working sessions in the A+M office in Athens final assessments were made in the time period from 14 th until 21st August 1987. The results of these assessments were modifications of the building shape and an additional integration task, namely the combination of a thermosyphon collector system and the Photovoltaic system within the same roof structure (see fig. 2). Since the owner required collectors and since collector systems following the thermosyphon principle have reached a wide and still growing range of realization in Greece and the whole eastern mediterranean region, this additional integration task was accepted as very reasonable for the future propagation of PV Systems and it was included in the selected building concept. In coordination with the owner a building concept was realized with the following supplementations to the originally planned building shape: - Additional cantilevering members for the shading of facades and improvement of indoor climate by the reduction of radiated heat absorption. Such members were carried out as cantilevered terraces above the ground floor and cantilevered roof slabs above the upper floor. - Additional execution of a sealed horizontal roof slab above the upper floor, on top of that the integration of the PV system with the thermosyphon systems within a combined supporting structure is carried out. These works are currently under construction. They show some additional advantages to the originally planned integration into an inclined roof slab, such as better ventilation and cooling underneath the generator and better access to the generator for easier mounting and control. Additionally a heat buffering air space is created by this arrangement to protect the upper floor rooms, and also later modifications of the generator become possible if necessary. The construction work for the roof integration of the modules and the building integration of batteries, inverter and load control ist currently under execution. The buildings themselves are basically completed already. Running parallel to the phase of planning and construction in Greece was the engineering and production of components by AEG. It was completed with the delivery of the components to the shipping agency on 18th Dec. 1987 in Wedel/Holstein. Phase III (installation) could not be started so far, because the clearance for delivery of the completed hardware was made subject to the arrival of a written approval for additional support. After this approval was arrived the hardware was transported to Piraeus/Greece. As soon as customs regulations are clearified there it will be transported further to Karpathos to be integrated into the building structure. Due to this delay the work programme was updated with the latest Technical Report No. 2 because the monitoring phase (phase IV) could not be started yet. 2 PHOTOVOLTAIC ARRAY Solar generator module: The modules type PQ 10/44/01 are the basic elements of the solar generator. The module PQ 10/44/01 consists of a series connection of 44 square solar cells, each 10×10 cm in size. Mechanical design: glass/glass embedding According to the principle of safety glass (laminated glass) the circuit solar cells are embedded between the front and the back cover.
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 Frame: Stainless steel (V2A) is used for the framing material. The glass/glass composite is hermetically sealed by means of a two-component sealing compound. Connection: The modules are connected with econoseal plug connectors. The plug connectors are protected with a strain relief of stainless steel (V2A). The design data of the photovoltaic array per system are the following: material module quantity series connection parallel connection module surface weight nominal power at 25 deg C cell temp.
 
 : : : : : : : :
 
 multicrystalline silicon 72 pcs PQ 10/44/01 18 modules 3 strings 35 m2 8 kg/module am 1.5–100 mW/cm2 =2765 Wp
 
 3 POWER CONDITIONING The conditioning consists of the system controller (battery charger) “solarmatic”. The “solarmatic” has the following functions: A. Battery charge and discharge monitoring B. Battery overvoltage protection C. Battery undervoltage protection D. Current inverter release or block E. Measuring data processing The “Solarmatic” is a step control with integrated over- or undervoltage monitoring. The voltage monitoring systems are dependent on the battery temperature. The current inverter is released or blocked by means of the battery monitoring, depending on the voltage. The rough data required for the measurement are processed in a measuring rack. Battery
 
 The batteries employed correspond to low-antimony industrial batteries for stationary application. They have a high cycle stability and a low self-discharge. Battery capacity: 200 Ah The construction consists of a series connection of 108 single cells with recombinators. The purpose of the recombinators is to restore by recombination the gas formed during battery loading back to water and oxygen and thus reduce the water requirement of the battery. The capacity applies to 10 hours discharge. The battery voltage fluctuates within the voltage range of approx. 200 V and approx. 260 V, depending on the charge level. Current inverter
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 Name:
 
 “Transopuls”
 
 Type: Nominal data: Input voltage Input current Output voltage Frequency Nominal output Output current Efficiency Interference suppression degree
 
 Self-commutated single-phase Transistor current inverter : : : : : : : : :
 
 220 V DC +20% −15% 20 A (cos φ=0.8 ind.) 220 V AC ±1% 50 Hz ±0.5% 5 kVA (cos φ=0.8 ind.) 23 A (cosφ=0.8 ind.) ≥ 89% N (VDE 0875)
 
 4 DETAILS OF PV USER APPLIANCES (EQUIPMENT) The PV user consists of for seperate vacation appartement units, which are connected to a common electricity supply, to obtain hereby a balaned overall load profile. The equipment of each single appartement contains lighting, refrigerator, radio/TV and ventilator provided for the use of energy saving devices. 5 MONITORING SYSTEM The rough data which has been processed in the “solarmatic” are prepared in the data display and recording system “DAM 800” according to the EEC regulations and then stored on a disc for further processing. The “DAM 800” ist equipped with a monitor which permanently indicates the system data. The following parameters are stored: Symbol JA TA TC EA EB EII ELAC
 
 Designation Insolation, array plane Max. ambient temperature (shaded) Max. cell or module temperature Array output energy Energy to (+) and from (−) battery Inverter/rectifier DC energy (+/−) Energy to all loads
 
 Unit kWh/m2 deg. C deg. C kWh kWh kWh kWh
 
 Accuracy calib. instr. +2 deg. C +2 deg. C +2% F.S. +2% F.S. +2% F.S. +2% F.S.
 
 6. EXPERIENCES OBTAINED DURING INSTALLATION AND COMMISSIONING The basic experience already during the pre-installation phase of structural planning was the need to integrate the PV-system in coordination with a thermosyphon collector system. This integration required
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 intensive and careful steps of planning, because due to the thermosyphon collector system strong impacts occured for the function, construction and shape of the building. But since such thermosyphon systems have reached such a wide spread range of realization in southern Europe— especially Greece and Turkey but also some Near-East-countries—it was decided to develop a solution for this integration task. A number of alternatives for integration was developed and assessed. Finally it was decided for a solution in which the collectors are arranged at the lower front edge of the roof structure facing South, adjacent to them in the roof slope the PV-Modules, and the storage tanks for the collectors situated behind the PVgenerator at the North edge of the roof structure (see fig. 2). Under the given functional conditions this appeared to be structuraly and formaly the most suitable solution, which also makes a good cross ventilation and cooling of the generator possible. The installation itself will start soon and deliver additional experience with the construction process. 7 EXPERIENCES OBTAINED DURING OPERATION none so far.
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 Fig. 1 Project location 3 km north of the harbour Karpathos
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 Fig. 2 Perspective view of combined integration of PV system and thermosyphon collector system
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 Activities of the joint research centre related to photovoltaic
 
 ACTIVITIES OF THE JOINT RESEARCH CENTRE RELATED TO PHOTOVOLTAICS K-H KREBS Commission of the European Communities Joint Research Centre, Ispra Background The European Communities’ Joint Research Centre at Ispra was originally established to undertake research and development of nuclear technology. Work on solar energy technology commenced in 1974. The work on photovoltaics corresponds to the interests of the Commission in several fields. First is the challenge of new energy sources for the community to supplement or substitute for existing sources. The environmental benefit of introducing a non-polluting resource is also very important. The PV programme supports the objective of developing norms and standards to facilitate international trade and also to improve industrial competitivity. The development of photovoltaic technology will also be beneficial to the southern member states in particular as well as providing opportunities for export links with developing countries. Past and Present Activities The first major phase of PV development is reckoned to have occurred from 1974 to 1983 when implementation of a terrestial PV industry was the goal. During this period JRC was concerned with the installation of test facilities, the testing of modules and the preparation of standard test procedures. In the period 1984 to 1989 JRC is concerned with the demonstration of PV applications. The main activities cover monitoring of PV plants, analysis of monitoring data, assesment of novel devices, the procedure for thin film module testing and support for materials research. The past work programmes were grouped into three areas which were: Device Analysis
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 - solar cell studies - PV module studies - PV related solar radiation studies System Performance - plant monitoring and the PV database - evaluation/prediction modelling - experimental system studies PV Materials Research - installation of test facilities - material preparation techniques - material/device characterization JRC activities have made a significiant impact on the development of photovoltaic energy in Europe. The JRC has installed comprehensive facilities for Performance Testing and Qualification Testing of modules and cells. To-date over 300 modules of 70 types from 25 different manufacturers have been tested. JRC has participated in international activities including the preparation of base-line documents, documents for international standards organisations and the execution of world-wide Round-Robin testing for the calibration of reference devices. JRC has developed on-site acceptance test procedures for photovoltaic installations and set up a monitoring and data collection system for the EC funded pilot plants and demonstration programmes. Future Activities The method of operation of JRC has been reviewed and it has been decided that operations should in future be more commercial and market orientated. The EC funding of activities is planned to decline from 87% of the total to about two thirds, the balance being made up with research work commissioned from third parties. The organisational structure is being changed to suit this new style with concentration of responsibility into a number of Institutes. The Institute of System Engineering will include the work on nonnuclear programmes including solar energy. Despite the changes JRC will continue to support photovoltaic energy technology. The three objectives of the continuing ESTI programme are: - to support the PV industry, helping it to remain competitive - the elimination of technical barriers to trade in PV products - assessment of the potential of photovoltaics as a large scale energy option The three tasks identified for the future continue current activities in: - developing reference methods and pre-standardization base-line documents - testing PV components and systems - monitoring and evaluating demonstration projects
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 The previous work on materials research has been discontinued. JRC will continue to support the General Directorates of the Commission and will undertake some specific and preparatory research. Contracted work for third parties will assume greater importance in the future.
 
 SESSION IV: LIGHTHOUSES
 
 Autonomous photovoltaic and wind power supply for an unmanned lighthouse (Sapientza) Autonomous PV/battery power supply for an unmanned lighthouse (Lithari) Palmaiola Island photovoltaic lighthouse Photovoltaic plant for the energy supply of a lighthouse at Punta Libeccio, Egadi Islands, Sicily
 
 CONTRACT NO. SE 648 84 HE AUTONOMOUS PHOTOVOLTAIC AND WIND POWER SUPPLY FOR AN UNMANNED LIGHTHOUSE (SAPIENTZA) H.KADELLA *) and J.CHADJIVASSILIADIS **) *) Siemens Solar GmbH, Bergisch Gladbach/FRG **) Public Power Corporation, Athens/Greece Summary A new long-range flashing system, rotary type, shall replace the existing system which consists of beacon, oillamp, supply system and rotation mechanism. The beacon shall be electrical, autonomously powered by a combined solar photovoltaic and wind generator system. Both systems feed the energy in a battery storage. The rated power of the solar generator is 1300 Wp. The battery of a total capacity of 2000 Ah at 24 V can supply the whole beacon system for 12 days without recharging. An automatic telereporting system is integrated to transmit data and alarms of the facility to a central control station. Moreover, an autonomous photovoltaic powered data monitoring system according to the JRC-Ispra-"Guidelines for Photovoltaic Systems Monitoring" shall be installed for the 2 years monitoring campaign. The Commissioning of the PVpowered beacon system took place at the end of November 1987 but the final mounting atop the lighthouse is scheduled for May 1988.
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 1 INTRODUCTION Along the Greek coasts operate today about 900 lighthouses and beacons. It is historically verified that their installation started in about 1831 and has gradually increased to the present number with projections to be extended up to twice as many according to international navigation rules. The first beacons were of a rotating type with a glass-lense system and a glowing type lamp using lighting oil as fuel, reaching a range of up to 22 nm. The Sapientza lighthouse was built in 1850 and uses an optical element of 1.85 m in diameter and operates with lighting oil. The lighthouse is placed at a height of 96 m above sea level, on an inaccessible location. Approach is quite difficult while a permanent personnel is responsible for the lighting and extinguishing of the beacons, the immediate intervention in case of irregular operation as well as the winding of the lighthouse’s rotation mechanism. The main part of this mechanism is composed of a system of gears, which in turn, rotates the ring supporting the optical lenses via counterbalances and a centrifugal regulator. The interval between two successive windings is 1.5 hours. The aim of this project is to install a new long-range electric flashing system, rotary type, in the existing light-house. The beacon shall be autonomous, electrically powered by a combined photovoltaic and wind generator system (see Fig. I). The solar modules will operate via battery charge controller on a 24 V battery storage of 2000 Ah. The beacon DSL 3 with a grpfl (3) characteristic in a 30 seconds period and a luminous range of 23.2 nm at transmission factor 0.74 needs an energy of 1890 Wh per day. 2 PHOTOVOLTAICC ARRAY The ten solar modules are divided in 2 subarrays and the battery consists of two parallel groups. So a certain redundancy can be achieved with respect to particular system failure. The solar generator sizing is done with the insolation values of Athens which are available from a data volume of University Wisconsin. The values can be taken as reference for the Sapientza island. Generally the insolation values on this island are better than in Athens. The solar generator is designed to supply the system also during the month with the least solar radiation (December) of
 
 the energy demand of the complete marine rotary beacon for a 14 hour operation. Daily power consumption: Minimum insolation: Amb. panel temp. during operation: Nominal solar generator voltage: System efficiency: Engineering security factor: Minimum power of solar generator:
 
 2.124 Wh/d 107.9 kWh/m 2. month 20 deg. C 24 volt 67 % 1.1 1.130 Wp
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 The array comprises 10 modules SM 144–18; 5 parallel strings of 2 modules in line with a total rated power of 1300 Wp. 3 POWER CONDITIONING Mode of operation;
 
 The regulator is a battery charging control unit for photovoltaic power supplies. The control unit automatically limits the battery charging voltage and regulates the charging maintenance current. When the battery voltage decreases again, the charging operation is automatically started, i.e. taking the irradiance into consideration, the battery is always maintained on a very high charging level. Diodes prevent battery discharge via the solar generator during sunless periods. The regulator monitors the battery voltage. Separate connection terminals are available for sensor lines to monitor the battery voltage. The maximum regulator output voltage varies inversely with temperature to match battery voltage requirements, which also vary with temperature. For this purpose, a remote temperature sensor has to be connected to the regulator (approx. −6 mV/K for each battery cell). The regulator recognizes the following pre-fault and fault conditions: a) Pre-fault (Battery voltage out of range) - Battery voltage greater than the overcharged control voltage threshold - Battery voltage less than the discharge control voltage threshold b) Fault (Load off) - Battery voltage less than the overdischarge control voltage - Load current greater than the allowed maximum load current. If one of the pre-faults or faults is recognized, it is signalized with the light-emitting diode and a floating signal contact (24 V, 8 A DC) is opened so that the fault signal can be externally processed. There is one contact for pre-fault and one for fault. The fault type is indicated via the corresponding light-emitting diode: “Battery voltage Discharged”. Batteries:
 
 12 Battery cells Varta Block Vb 2420 are arranged in series. The expected service life is approximately 10–15 years, depending on operating conditions. The self-discharge rate is less than 3 % C10 per month at 25 °C. Capacity: 2000 Ah. Battery Charge Controller Type: Manufactured by:
 
 Characteristic features:
 
 LR45–24EK Interatom
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 - Protection of battery against deep discharge and overcharge by automatic load disconnection and current limitation respectively. - Solid state shunt switching regulator using SIPMOS power transistors which force the connected modules in short-circuit operation. - 100 Hz operating frequency with defined current gradients - Shottky diode as blocking diode - Load disconnection with optical signal, when the battery voltage is below the deep discharge threshold (adjustable) and automatic reconnection with hysteresis - Temperature depending reduction of maximum charge voltage by PTC-sensor input of battery temperature Switching Regulator: Type: Manufactured by:
 
 PSR 158–9 Option: LiRC Melcher AG
 
 Characteristic features: -
 
 Voltage input 19…80 V Output current (max.): 8 A High efficiency=91 % Parallel operating Indication signal for failure Power FET-technology Max. temperature TAmax=71 °C 4 MONITORING SCHEME
 
 A small meteorological station will be installed at site (leasing for 2 years monitoring campaign). A special feature is the compact design and the robustness of the used measuring devices (Fig. II). This station can be installed at nearly every site without special protection requirements. Data acquisition and logging is done automatically with a minimum of manual operation (exchange of micro cassette and printer paper, correction of internal clock). 5 TELEREPORTING SYSTEM (DIGISPONDER) A telereporting system (Digisponder) will collect the information relating to the operation of the rotary beacon system of the lighthouse and will transmit this information to a central station. This may operate without personnel and will monitor the operating condition and may interfere in case of an emergency. (It will automatically call by telephone preselected telephone numbers and will announce the emergency occurred or may when asked by telephone give a report concerning the existing situation). The monitoring data of the Small Meteo Station are not transmitted by the digisponder.
 
 SESSION IV: LIGHTHOUSES
 
 207
 
 Fig. I: Power supply forMarine Rotary System DSL 3 (Sapientza)
 
 6 INSTALLATION AND COMMISSIONING After finishing the preceding works on site the electronical equipment was transported by ship to the lighthouse. The Commissioning began in the middle of November at fairly bad weather conditions and ended November 28, 1987. Since then, the new lighthouse beacon DSL 3 (Pintsch Bamag/ FRG) has been in operation provisional mounted inside the lighthouse on the ground floor. No operational difficulties occured, so the Greek Lighthouse Service intend to replace the old system with the new one as soon as possible after the five months trial operation. Because of some problems with the monitoring system on site the small Meteo Station has been slightly modified and is now ready for reinstallation. CONTRACT NO. SE 624 84 HE AUTONOMOUS PV/BATTERY POWER SUPPLY FOR AN UNMANNED LIGHTHOUSE (LITHARI) H.KADELLA *) and D.TSANAKAS **) *) Siemens Solar GmbH, Bergisch Gladbach/FRG **) Democritos University of Thrace, Xanthi/Greece Summary The existing system of the Lithari lighthouse operating with oil and the permanent manual work of 6 persons shall be replaced by an autonomous and unmanned system powered by a photovoltaic generator of 4680 Wp. The battery of a total capacity of 1700 Ah at 48 V can supply the whole beacon system for 10 days without the necessity of recharging. A large scale measuring station according to the ISPRAguidelines for supervision of PV-systems greater than 3 kWp is foreseen for the 2 years monitoring
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 Fig. II: Small Meteorological Stastion (Sapientza)
 
 campaign. Moreover, a telereporting system (digisponder) is integrated to transmit the operation data of the beacon system. The Commissioning will be during summertime 1988. 1 INTRODUCTION The Lithari lighthouse, on Skyros Island, was built in 1850 and operates with lighting oil. Access is quite difficult while a permanent personnel of 6 persons is maintained with a minimum of 3 people in continuous attendance. The existing system comprising rotation mechanism, optical lenses, oil lamp, centrifugal regulator, shall be replaced by a new long-range electric flashing beacon system powered by a photovoltaic generator system (see Fig. I). An adapted telereporting system transmit significant data and alarms of the facility to a central control station. The project shall be executed in the existing lighthouse “LITHARI” on Skyros Island in Greece with the geographical data of 38° 46' latitude and 24° 40' longitude. The intention of the project is to demonstrate the possibility of the energetic-autonomous and reliable operation of the lighthouse system powered by solar generators under the environmental conditions of the Greek coasts. In case of success of the project, some important advantages in comparison to old conventional lighthouse systems will be available:
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 Reduction of the running costs of the existing lighthouse Saving fossil fuel costs No operation staff Reduction of maintenance works 2 PHOTOVOLTAIC ARRAY
 
 Three static beacons of type PR 500 DC from Automatic Power/GB will be installed and will be autonomously supplied with electricity by an array of solar generators of 4680 Wp. The energy demand of one beacon is specified as 56.21 Ah at 48 V with a peak current at switch-on-moment of 200 A (nominal current 24 A). The total energy demand of the complete system is 168.63 Ah at 48 V for a 14 h operation with a grpfl (3)-characteristic. That means that the PV-generator has to supply minimum 8.095 Wh per day to the beacon system. To deliver this energy with a 15 % engineering supplement even in the month with the least solar radiation (December) of
 
 without taking additional energy from the battery, a solar generator of 4,300 Wp has to be installed. The hardware configuration which was chosen with the aspect of certain redundancy comprises 36 solar modules SM 144 with a total of 4680 Wp which means an additional power-supplement of 8.8 %. The energy which can be delivered by the battery is essentially determined by the peak current of the complete beacon system and the lower voltage limit of 1.75 V per battery cell. The chosen battery capacity of 1.700 Ah at 48 V can supply the beacon system for approx. 10 days with energy without being recharged, if the peak current of the complete beacon system is limited to about 300 A. This can be done by a delayed (approx. 50 ms from each other) switching-on of the 3 beacons. If the peak current was 600 A, the battery capacity would only be sufficient for about 5 days. Data of PV-generator: Daily power consumption: Minimum insolation: Amb. panel temp, during operation: Nominal solar generator voltage: System efficiency: Engineering security supplement: Power of solar generator:
 
 8,100 Wh/d 107.9 kWh/m2/month 25 °C 48 volt 77 % 15 % 4680 Wp
 
 Array comprises 36 modules SM 144–18; 9 parallel strings of 4 modules in 1 line. 3 POWER CONDITIONING DC-Chopper
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 Type: Manufactured by:
 
 GSH48/6800 Interatom
 
 Characteristic features: -
 
 -
 
 Microprocessor controlled power conditioning unit Modular constructed with one central control section and 1 to 4 power sections each of 1700 W maximal Available power range up to 6800 W (1–4 power sections) Maximum power point tracking (MPPT) for maximum power extraction from the solar modules for each temperature High efficiency (≥93%) Following data can be read out from central control board via IEEE 488 or RS 232c interface: Input voltage and current Output voltage and current Temperature of the cooling ribs and battery Reduction of battery overcharge limit according to battery temperature Sensor input for battery voltage
 
 Technical data: Rated power per device Rated power per unit
 
 6800 W 1700 W
 
 Battery Storage for PR 500 system Type: Manufactured by:
 
 Varta Bloc Varta AG
 
 - capacity 1700 Ah at 48 V - Expected service life is approximately 10–15 years, depending on conditions (especially temperature) - The self-discharge rate is less than 3 % C10 per month at 25 °C. 4 MONITORING SYSTEM The guidelines for supervision of PV-systems published by the Commission of European Community (CEC) require for PV-plants greater than 3 kWp an extensive data logging with specified accuracy and data storage on special media. The data acquisition system consists mainly of components which are normally designed for the use in industrial applications under rough environmental conditions. The PV-Generator for Data Logging System comprises 5 parallel modules of type SM 144–36. The daily power consumption of the data logging system is 1200 Wh/d. A battery is foreseen for a 10 days sunless period with a capacity of 525 Ah at 24 V nominal battery voltage (see Fig. II).
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 Fig. I: Power Supply for Static Beacon System PR 500-DC (Lithari)
 
 Fig. II: Data logging System (Lithari)
 
 5 INSTALLATION AND COMMISSIONING The installation of the system will be in spring time, the commissioning is foreseen during summer time 1988.
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 Contract N° SE—674–84 PALMAIOLA ISLAND PHOTOVOLTAIC LIGHTHOUSE F.BASEVI, E.BRICCA, M.ORSONI ITALSOLAR (exPragma) S.p.A. Via A D’Andrea, 6–00048 Nettuno—I Summary Photovoltaic is a form of energy particularly suited when unfavourable environment makes fuel supply expensive and dangerous; gas fueled lighthouse are a typical example of abovesaid difficulties, like Palmaiola island lighthouse, placed on a small island in the Tyrrhenian sea, that has been converted from gas to photovoltaic thus increasing considerably the efficiency and the operating range of the lighthouse while lowering its operating and maintenance costs. 1. INTRODUCTION Project is aimed to supply power to the unattended lighthouse of Palmaiola island. Palmaiola is a small island placed in the middle of Piombino channel approximately half way between Piombino and the island of Elba. The lighthouse is property of the Italian Navy, that agreed to “convert to photovoltaic” an important navigation signalling unit with the goal of increasing the operating range of the lighthouse, from 14 to 21 nautical miles, and of lowering maintenance and operation expenses, quite heavy in lighthouses supplied by gas. The project has been carried out from May to October 1986, in summer season, with the help of boats of the Italian Navy and a contractor helicopter. The whole system is composed by two separate photovoltaic arrays, a main array feeding the light’s lamp, and a second acting as an emergency power supply. The main photovoltaic array hangs from the south-east wall of the lighthouse, in correspondence to the windows of the upper storey. The emergency photovoltaic array is mounted on the terrace adjacent to the light tower. In order to keep seagulls from perching on the array, lengths of high —strength steel wire (bird spikes) were mounted along the perimeter of the frames of each system’s panels. Both systems were activated on September 29th, 1986 and the Italian Navy, future owner of the system, was informed of this at the same time. A pictural view of the plant is shown in fig. 1. 2. PHOTOVOLTAIC ARRAY(S) The main photovoltaic array, feeding the light’s lamp, comprises 70 Pragma 2×36 type modules (the characteristics of which are listed below) connected in series of ten, in order to obtain a generator with a rated output of 4.5 amperes at 120 V d.c. (4,690 Wp exactly). The emergency photovoltaic array (402 Wp) consists of six Pragma 2×36 type modules, parallel connected to feed a 100 Ah, 12 V battery located in the light turret, and is activated by a signal from the main control system.
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 Module Pragma DL 36×2 (monocristalline 4") Electrical Data (Typical): Open circuit voltage, Voc Short circuit current, Isc Max power output, Pm Voltage at Pm, Vm Average current density of cells, Isc NOCT
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 21 V 4.5 V 67 W 16 V 29 mA/cm2 39 deg. C.
 
 The module characteristics dependance on temperature is reported here below (insolation=100 mW/cm2): Voc. Volts Isc. A Isc, ma/cm2 Vm, V Im, A Pm, W
 
 25°C 21 4.5 29 16 4 67
 
 0°C 22.5 4.5 29 17.9 4 71.6
 
 45°C 19.6 4.5 29 14.9 4 59.6
 
 60°C 18.6 4.5 29 14 4 56
 
 3. POWER CONDITIONING Power conditioning and control is made through an electrical switch-board, which bears: -
 
 terminal board voltage regulator flasher for the main light (signal) data acquisition unit.
 
 Voltage regulation is achieved by interrupting the current in five of the seven string of the main array. The two remaining strings are wired directly to the battery through a clamping diode, as the USA Coast Guard standard demands for purposes of reability. The five strings that can be disconnected are regulated as follows: - one regulator controls three strings, and is calibrated for a cut-in threshold value of 132 V, - a second regulator controls the remaining two array strings and is calibrated at 138 V. Thus, a stepped regulation is obtained, especially suitable for battery proper operation. The two unregulated strings make up for the battery self-discharge and for the power drain of the data acquisition system. Furthermore, they supply a part of the minimum annual charge. This redundant arrangement guarantees the maximum reability for the signal device.
 
 214
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 The quantities gauged on the electrical panel are the battery voltage, the battery current output and the voltage of the unregulated strings before the clamping diode. A block diagram of the power conditioning system is shown in fig. 2. The battery of the main PV system consists of 60 elements, Fiamm SMBF6 type, having an overall capacity of 600 Ah/10 h and an output voltage of 120 VDC, while the emergency system emploies 6 elements Fiamm SMF 10 type, with a capacity of 500 Ah/10 h and an output voltage of 12 Volts. Batteries are lead-acid stationary ones with tubular plates; their main characteristics are: -
 
 no topping-up is required for three or more years under normal float charge conditions long and reliable life very good charge retention (self-discharge rate lower than 10%/year) good cycling capability 4. DETAILS OF PV USER APPLIANCES (EQUIPMENTS)
 
 Appliances are normal marine light, with an operating range of 20 nautical miles. Light power consumption is 1000 Watts and signalling duty cycle is 1 second on and 4 seconds off. The lamp is activated by a light sensitive switch, mean working time during the year being, obviously, 12 hours per day. 5. MONITORING SCHEME Data acquisition system consists of a data acquisition unit, a personal computer and a mass memory storage. The data acquisition system is housed in a standard 19" 4U container, with rack mounting. It is composed by standardized boards having a Eurocard format of 10 cm×16 cm size. They perform the following functions: - signal treatment The current and voltage measurements are made by means of 100 mV shunts and voltage dividers. A Burr Brown ISO 100 amplifier, guarantees galvanic insulation between the photovoltaic array and the measuring system. - analogue scanner and A/D conversion The scanner is built to handle 32 channels, of which the system uses only 18. Each channel is supplied with overvoltage protection by using a transient suppressers of the General Semi conductor type P6KE18C. The Analog/Digital conversion is performed using National Semi-conductor devices, and an acquisition precision of 1 % of the full-scale value is guaranteed. - CPU Z80 The CPU board uses the Z80A microprocessor, a 2.5. MHz clock, an 8k ROM, a 2K RAM, and completes one acquisition cycle every two seconds, and stores in memory the following data: Channel
 
 Type of measurement
 
 Unit
 
 0
 
 Analog test
 
 V
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 Channel
 
 Type of measurement
 
 Unit
 
 1−3 4−6 7 8 9 10−12 13 14 15 16 17 18 19–31
 
 Voltage in PV sub-arrays 1−2−3 Current in PV sub-arrays 1−2−3 Battery voltage Battery charging current Load current Temperature in PV arrays 1−2−3 Temperature in battery room Outside temperature Solar radiation on horiz. plane Solar radiation on PV array plane Wind speed Wind direction Not used
 
 V A V A A deg. C deg. C deg. C kW/m2 kW/m2 m/sec. deg
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 Each measurement cycle has the date and hour associated with it. Furthermore, it was felt suitable to acquire and store in memory the following statuses: 1. twilight switch operation, 2. emergency light operation, 3. command for main light to operate intermittently (to flash). The arithmetic average, of the data thus acquired is made for each hour of acquisition, the purpose being to obtain greater precision in the data gathered, while cutting down the volume of data stored. The system is then able to accumulate data for four consecutive months. The data acquisition software is written in ASSEMBLER Z80, and is stored in the ROM memory of the UA2 unit. The data processing and diagnostic software is written in BASIC A (IBM). The operative system used is the DOS 2.11. The support used consists of dual-face dual density disks, and utilizeable on the IBM PC/AT, PC/XT, Olivetti M24, and Sharp PC/7000 personal computers, and all the IBM compatibles (6th level). The data processing software lets the following data be computed, stored in memory, displayed, and printed out: incident solar energy; electrical power generated; losses in the cables; losses in the voltage regulators; battery efficiency; PV array efficiency. Furthermore, a summary and a listing of the data acquired and processed is generated. The diagnostic software signals any system anomalies, and helps the operator in calibrating and setting up the analog parts of the sensors. 6. EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING Main difficulties in plant erection were those encountered during installation, material transport and electrical and mechanical erection works.
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 Difficulties due to the natural position of Palmaiola island have been increased by the total absence of landing point, by shallow waters, and by the steepness of the only access lane to the lighthouse. Abovesaid problems have been overcome with an helicopter rented to transport material and a small fishing boat to transport technical personnel. The helicopter, taking off from Cavo, in Elba island, transported all materials in a little artificial space, opened near the lighthouse while the boat leaving from Cavo too, brought in and out, in the morning and the evening, the installing team. The team was composed by 6 workers, 1 foreman of subcontractor company (SEI-Prato) and one Pragma supervisors. In spite of above said problems and of adverse weather conditions the whole plant was mounted in eight days and made perfectly working. CONTRACT NO. SE/565/85 PHOTOVOLTAIC PLANT FOR THE ENERGY SUPPLY OF A LIGHTHOUSE AT PUNTA LIBECCIO, EGADI ISLANDS, SICILY C.MACCIO' CESEN—Via Pieragostini, 50—Genova—Italy Summary The lighthouse of Punta Libeccio, on Marettimo island is a very important navigation signalling unit in the Mediterranean Sea. Access difficulties make fuel supply unreliable and expensive. A 18.2 kWp photovoltaic generator will ensure a self-sufficient, reliable power supply both to the maritime signalling system and to all the equipments necessary to give comfortable lodgings and fresh drinkable water to the Navy personnel who is charged to attend to the lighthouse. 1. INTRODUCTION The aim of the project is to meet the energy requirements of a lighthouse at Punta Libeccio, Marettimo Island, one of the three islands forming the Egadi Archipelago (Sicily), situated at 38 km from the port of Trapani. The only urban settlement of Marettimo is situated on the eastern coast of the island as well as the only landing facilities. The lighthouse, on the opposite side of the island, is a very important navigation signalling unit in the Mediterranean Sea and is connected with the town of Marettimo through a narrow military track of about 9 km often blocked by landslides. Now the light-house is powered by a diesel generator, but fuel supply is extremely difficult; furthermore no fresh water is available on site. The photovoltaic generator, with a rated power of 18.2 kWp, will represent a self-sufficient, reliable power supply both for the maritime signalling system and for the domestic user appliances necessary to give comfortable lodgings to the Navy personnel: one lighthouse keeper and two subordinates should dwell in the lighthouse. Fresh water requirements will be met by a sea water desalination unit fed by the same P.V. generator. The project activities, according to the project programme, started on April 1988 with the revision of the preliminary system design. Unfortunately the problems of “red tape” that produced the suspension of the
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 Figure 1: Palmaiola Island Photovoltaic Light House Block Diagram
 
 contract up to February ‘88, have not been completely solved, but a favourable resolution by the Regional Authorities is expected in a short time. 2. PHOTOVOLTAIC ARRAY The photovoltaic array field consists of no. 520 P.V. modules manufactured by ANSALDO, type AP 35, connected in a proper series-parallel configuration, with relevant protection diodes and mounted on a
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 galvanized steel supporting structure, providing an adjustable tilt angle between 10° and 80° on the horizontal surface. The P.V. array field is conceptually divided into two sub-fields. The first one (sub-field 1), devoted to the maritime signalling system, is characterized by the following figures: -
 
 no. of P.V. modules AP 35 rated power no. of series strings no. of modules in series terminal rated voltage rated open circuit voltage rated short circuit current
 
 240 8,400 Wp 24 10 120 V 200 V 60 A
 
 The second one (sub-field 2), devoted to the domestic users and the desalination system, is characterized by the following figures: -
 
 no. of P.V. modules AP 35 rated power no. of series strings no. of modules in series terminal rated voltage rated open circuit voltage rated short circuit current
 
 280 9,800 Wp 28 10 120 V 200 V 70 A
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 Taking into account the peculiarity of the maritime signalling service, the P.V. generator has been designed according to the most unfavourable conditions (month of december); consequently, as regards the array sizing, tilt angle was set to 55° and the conservative value of 2.56 kWh/m2 was adopted as daily mean irradiation on array plane. 3. POWER CONDITIONING The storage system consists of two indipendent lead-acid batteries for stationary installation. The first one (battery 1) will ensure ten days autonomy to the maritime signaling system, which is directly fed at 120 VDC. Main features of “battery 1”: -
 
 rated voltage rated capacity (10 h discharge) configuration: no. 60 cells, series connected
 
 120 V 1,300 Ah
 
 The second one (battery 2) will feed (through the inverters) the domestic users and the desalination system even in case of a three days solar radiation shortage. Main features of “battery 2”: -
 
 rated voltage rated capacity (10 h discharge) configuration: no. 60 cells, series connected
 
 120 V 300 Ah
 
 In both cases, the batteries are protected against excessive charge/ discharge by the control system, which provides for temperature compensated regulation, by monitoring the battery voltages. Furthermore, the control system can manage the charging current to each battery and possible energy transfers between the two sub-systems by means of a flexible interconnection system: the array subfields are divided into blocks (four strings connected in parallel) that can be separately disconnected or connected either with "battery 1" or with "battery 2". The above mentioned flexibility allows a good exploitation of the available solar energy: in summer, for instance, surplus energy can be changed into extra drinkable water while, in case of exceptionally unfavourable weather conditions, most of the array blocks can be devoted to high priority services. While the lighthouse lamp is fed at 120 VDC, the domestic user appliances and the desalination unit require AC power supply. Consequently, two high efficiency inverters are provided; they will be operated by the control system according to the load conditions. Main features of inverters (each) -
 
 rated power input output efficiency
 
 5 kVA (at cos ø=0.9) 120 VDC (100÷150 VDC) 220 V—50 Hz—single phase ≥ 85 % (full load)
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 A pre-existing diesel generator is available and can be operated, if necessary, only by manual commands with the purpose to charge the storage systems. 4. DETAILS OF P.V. USER APPLIANCES The lighthouse of Punta Libeccio is provided with a normal incandescent lamp, with a power consumption of 1 kW and an operating range of 32 nautical miles; the rotation of the lantern is driven by a D.C. motor with a power consumption of about 25 W. So, if a max. operating time of 15 hours is assumed, the energy requirements of the maritime signalling system will be of 15,375 Wh/day. The lighthouse is continuously attended by personnel of the Navy: one lighthouse keeper and two subordinates will dwell in the lighthouse together with their families. Appliance
 
 Installed power (W) Appraised energy requirements (kWh/ day) no. 1 washing machine (common utility) 2,000 300 no. 1 colours TV set, 26" (common 200 1,000 utility) no. 3 refrigerators 300 3,000 no. 20 fluorescent lamps 500 1,500 The domestic appliances shown in the table, all fed in A.C. (220 V 50 Hz), have been identified in cooperation with the Authorities concerned. A thermal solar system, not included in the present contract, will pre-heat the water for the washing machine. Furthermore, a reverse-osmosis desalination unit will be installed to provide the lighthouse with fresh drinkable water. The desalination unit and the relevant hydraulic system (sea water pump, circulating pumps, pipes, reservoirs, etc.) have been sized so as to allow a wide range of possible daily water production: the R.O. unit will meet the minimum daily water requirements (about 200 l) in one hour of operation; so, in case of energy surplus, the daily production can be increased up to 4 cubic meters. The energy requirements for the whole hydraulic system has been appraised at about 8,500 Wh/day, assuming a normal water consumption of 400 l/day. 5. MONITORING SCHEME An automatic data acquisition system will monitor the following parameters in accordance with the requirements set out in the Guidelines from JRC. Parameters Irradiation, global (horizontal) Irradiation, array plane Ambient temperature Sub-field 1 output voltage Sub-field 1 output current
 
 Symbol IG IA TA UA1 JA1
 
 Units kWh/m2 kWh/m2 deg. °C V A
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 Parameters Sub-field 2 output voltage Sub-field 2 output current Current input to battery 1 Current output from battery 1 Current input to battery 2 Current output from battery 2 Battery 1 voltage Battery 2 voltage Current to D.C. loads Inverters D.C. current (total) Inverters A.C. energy (total) Energy to all A.C. loads Energy from aux. generator Fresh water production
 
 Symbol UA2 JA2 JBI1 JB01 JBI2 JB02 UDC1 UDC2 JLDC JII EIO ELAC EG WM
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 Units V V A A A A V V A A kWh kWh kWh m3
 
 All numerical data will be hourly sums of measurements taken at one minute intervals. As regards the array output data, information about the actual composition of each sub-field (average no. of blocks per hour) could be recorded as well. As an alternative, global energy values, coming out from a weighted average of data from the two subsystems, could be recorded.
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 Photovoltaic power supply for ground-water level measurement Photovoltaic solar current generator to supply an early warning system for forestal fire Photovoltaic system for fog-warning in the Milan-Venice motorway
 
 CONTRACT NO. SE/560/83 PHOTOVOLTAIC POWER SUPPLY FOR GROUND-WATER LEVEL MEASUREMENT H.-J.Lowalt and E.Krausen AEG Aktiengesellschaft Fachbereich Neue Technologien, Raumfahrt Industriestraße 29, D-2000 Wedel/Holstein SUMMARY Level meter wells serve to determine ground water level variations so that the raising of water can be optimized in accordance with its availability. The HWW (Hamburger Wasserwerke, Hamburg Waterworks) are operating about 500 drinking water pumping wells. The increased use of deep well drinking water requires more frequently inspections. About 300 levelmeterwells are installed in the area of the HWW. This wells are equipped with mechanical control systems. A data collection is up to now done by a crew, driving by car from well to well. About 150 water-level meters are situated in the remote area of the Marschland, west of Hamburg, In wintertime, at snowfall or other extreme weather conditions, a few level-meter-wells cannot be reached. An automatic level-meter-network with a radio wave-system powered by photovoltaic solve the problem. 1. INTRODUCTION Sites of installation for three photovoltaic powered data transmission systems were chosen by HWW (Hamburg Waterworks). All sites are away from a grid supply, but important for continuous data
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 observation. The main goal for operating these systems is to save manpower at the regularly inspection and data collection. 1.1 MAIN TASKS - Foundation: Standard foundations - Structures: Prefabricated hot galvanized steel structures, standardized type - Solar Generator: AEG Module type PQ 10/20/0 16 modules, 307 Wpeak power - Charge Regulator: AEG type BCR 12 Sh 300 - Battery: Nominal voltage 12 V DC, capacity 100 Ah, type VB 624 - Data Monitoring System: Type ME - Data Transmission System: Type DT 7000 2. PHOTOVOLTAIC ARRAY Solar generator module: Modules of the AEG type PQ 10/20/0 are the main part of the photovoltaic array with the following design data (per system): Material Module quantity Series connection Parallel connection Module surface Nominal power at am 1.5– 100 mW/cm2, 25 deg C cell temp.
 
 : : : : : :
 
 multicrystalline silicon 16 pcs. PQ 10/20/0 2 modules 8 strings 4 m2 =307 W
 
 The array is built up with standard structure components. The material for these structures is hot galvanized steel. Each station consists of 16 modules and all these are installed on one structure unit. 3. POWER CONDITIONING The battery type VARTA bloc was selected for all three systems: Each battery has a capacity of 100 Ah at 12 V. This capacity was designed to guarantee a 14-day autonomous operation time. The approved charge regulators for all three systems are AEG standard types BCR 12 Sh 300.
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 4. DATA MONITORING AND TRANSMISSION SYSTEM The data monitoring and transmission system consists of following components: -
 
 water level meter sensor for air-pressure sensor for ambient temperature reference solar cell radio-interface transmitter station (DT 7000) antenna central station incl. transmitter station terminal and screen printer
 
 Following data are recorded: -
 
 water level charge current load current battery voltage global irradiation air-pressure internal temperature
 
 -
 
 humidity ambient temperature reference voltage
 
 m A A V W/qm hPa deg C % deg C V
 
 These data are printed and shown on request on the screen at the central station. The data recording frequency is adjustable from 10 min to 24 h. The operation mode is, that every 30 min the central station receives the measuring data automatically. The received data will be immediately turned into physical values and shown on the screen. Once a day automatically daily average data are calculated and printed. On the following pages you will find the drawing “DATA MONITORING and first results. 5. PRESENT STATUS, EXPERIENCE OBTAINED All three systems are installed, tested and in operation. In 1987 different optimizations were performed on the field of software and hardware of the data monitoring and transmission system. The photovoltaic system including the energy storage is in a fully satisfactory condition.
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 All these up to now performed modifications assure a saver and more reliable operation. In April 1988 a new test phase started. One main point of the optained experience is the weakness of the printer for the data collection. The system seems to be to susceptible for an operation without continuous review. Sometimes the data transmission of the system 30 km away is not faultless, but in overall the HWW gets usefull data for operating drinking water pumps.
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 M I T T E L W E R T E 19.03.88 15:07:48 Station Nummer 1: Brunnenpege1 Betteriespannung Ladeenergie Verbraucherenergie Globalsthalung Station Nummer 2: Brunnenpege1 Betteriespannung Ladeenergie Verbraucherenergie Station Nummer 3: Brunnenpege1 Betteriespannung Ladeenergie Verbraucherenergie M I T T E L W E R T E 21.04.88 15:07:48 Station Nummer 1: Brunnenpege1 Betteriespannung Ladeenergie Verbraucherenergie Globalsthalung Station Nummer 2: Brunnenpege1 Betteriespannung Ladeenergie Verbraucherenergie Station Nummer 3: Brunnenpege1 Betteriespannung Ladeenergie Verbraucherenergie
 
 = = = = =
 
 −2.704 [m] 13.922 [Volt] 2518.783 [Wh] 39.240 [Wh] 1.0014414E+04 [Wh/qm]
 
 = = = =
 
 4.047 [m] 12.589 [Volt] 2112.732 [Wh] 67.819 [Wh]
 
 = = = =
 
 −0.815 [m] 12.763 [Volt] 742.136 [Wh] 43.132 [Wh]
 
 = = = = =
 
 −3.084 [m] 13.186 [Volt] 618.916 [Wh] 38.486 [Wh] 2576.830 [Wh/qm]
 
 = = = =
 
 ***Keine Daten *** ***Keine Daten *** ***Keine Daten *** ***Keine Daten ***
 
 = = = =
 
 −1.200 [m] 12.790 [Volt] 761.098 [Wh] 47.944 [Wh]
 
 CONTRACT NR SE/123/83 PHOTOVOLTAIC SOLAR CURRENT GENERATOR TO SUPPLY AN EARLY WARNING SYSTEM FOR FORESTAL FIRE F.FONZI
 
 227
 
 228
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 Photo 1
 
 Technical Director of Italenergie S.p.A. Summary Photovoltaic solar system with microprocessor central unit, equipped with particular sensors, allows the monitoring of the meteorological and climatic physical quantities, even of catastrofic nature. The system is able to: 1) detect quickly forest fires in ten kilometers range and operate an early warning system; 2) forecast frost about 14–12 h in advance with 95% certainty; 3) forecast river floadings in correlation with rain fall intensity. The system includes the following essential parts: -
 
 photovoltaic current generator electrical energy storage batteries electronic detection unit data recording and transmission data elaboration unit monitor and control computer
 
 The system represents one unit of an early warning system network to protect a large territory. The system was in operation in the year 1987 and we give here the results of the measurements.
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 Photo 2
 
 Contract n° SE—159–85 PHOTOVOLTAIC SYSTEM FOR FOG-WARNING IN THE MILAN-VENICE MOTORWAY F.BASEVI, ITALSOLAR S.p.A. E.BRICCA, ITALSOLAR S.p.A. G.TOGNONI, Soc. Autostrada BS—VR—VI—PD S.p.A. Introduction The financial contribution of EEC and moreover the interest and technical cooperation of Autostrada BS— PD Co. enabled the Italsolar co. to design and to realize a complete fog-warning system for a stretch of Milan—Venice motorway, 8 Km long (near Verona). The purpose of the project was to create a fog detection and signalling system supplied by photovoltaic, not to be linked to the constraint of the existence of an electric network along the motorway, or to an heavy maintenance job to replace exauste dry-batteries supplying fog-detectors and flashing-lights. This system operates along the motorway section lying between the Verona Sud and Verona Est tollgates, and activates emergency flashing lights warning car-drivers of the existence of a fog-bank and at the same time delimitating the outside edges of the motorway. Called for, too, is the creation of an experimental system with the use of an alphanumeric sign to transmit signals in clear to the car drivers at the toll-gate of income.
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 Figure 1
 
 Figure 2
 
 This sign will be installed, for demonstration purposes, on a public square located nearby the Verona Sud tollgate. A schematic diagram of the whole plant is shown in Fig. 1.
 
 SESSION V: WARNING AND MONITORING SYSTEMS
 
 231
 
 Figure 3
 
 Figure 4
 
 1. DESCRIPTION OF SYSTEM 1.1. Fog detection and signalling system The system comprises 20 fog detection stations that activate automatically when visibility becomes low and transmit an activation signal to the danger signalling units, each one of these units comprises 20 flashing lights located on the outside edge of the northbound and southbound carriageways. The fog detection stations are located 400 meters apart and each one activates one signalling unit with 20 flashing bulbs, this activation signal is repeated in the nearest operation room by means of a telephone cable; this, setting aside problems involved in the quality of the connection, is already available along the edge of the motorways’ southbound carriageway.
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 Figure 5
 
 Every detection station is composed of: - Power supply system - fog-sensor - remote transmission unit The station power supply is provided by a 12 V, 105 Ah lead acid battery of the sealed type, contained in a waterthight compartement. The battery will be kept charged by one or two 36 cells monocrystal photovoltaic module (s) of the type Italsolar 36 MS/C having a nominal voltage of 12 V and putting out 45 watts of peak power; a voltage regulator will be included as well. The battery is sized for five sunless days. Three different types of fog detectors are provided. One type is of very high quality and is by far the most expensive; because it is largely insensitive to measurement variations due to dirty or salt deposition on lenses it is mainly used for calibration purposes. Only three instruments of this type have been purchased. The other two types of instruments are less expensive but don’t seem to be so stable as the first type, because selfcompensation circuits are not provided. The working principle of fog detectors is the same for all instruments types; a light emitting diode (LED) generates a ray of modulated infrared light, the light is back-scattered from water droplets of fog, the level of back-scattering is measured and stored in a memory, a series of high level back-scattering measurements generates an alarm signal of fog detection. Envisioned is a pre-alarm and alarm signaling system, fog density marking the difference between the two.
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 Figure 6
 
 Figure 7
 
 Both the pre-alarm and the alarm signal are transmitted via a telephone cable to the signalling unit and to the central station. All the equipment described above is installed at the top of 6 metres tall, galvanized steel, poles set at the side of the southbound carriageways of the motorway.
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 Figure 8
 
 Figure 9
 
 The remote transmitting unit comprises a single channel 12 V transmitter that sends the fog detection signal to the signalling units. These units, positioned in cluster of ten, with flashing bulbs, and spaced thirty meters apart, comprise: - a power supply system (one per each group of 10 lamps; situated on the northbound or on the southbound side of the motorway); - a command reception system (one per each 10 bulb cluster); - signalling devices. The power supply is a 12 V, 105 Ah sealed type, lead-acid battery contained in a watertight container.
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 Figure 10
 
 Figure 11
 
 The battery will be kept charged by a 2×36 cells monocrystal photovoltaic panel, having a rated voltage of 12 Volts and 70 Watts peak power, tilt angle of panel is 60° from the horizontal plane. The command receiving unit comprises a receiver for each ten-bulb cluster. The receiver, as other electronic equipment, is installed in a waterthight box and, on decoding the actuation signal coming from the transmitter, gives the lighting command to the ten bulbs it controls. The signaling device comprises emergency bulbs for roadway signals, flashing at high intensity, yellow in color, and visible over 180°. 1.2. Experimental system The system is composed by a set of five functional blocks:
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 Figure 12
 
 Figure 13
 
 -
 
 detection stations remote acquisition system data processing, monitor and supervision units remote control system of road-sign signalling unit.
 
 The detection stations consist in the stations along the motorway, as previously described, and comprise other three stations positioned nearby the Verona Sud tollgates. These stations are equiped with two-channel transmitters to send the fog detection signal to the operations center, using the existing telephone quad. All the informations coming from the detection stations are channelled into an Operation Control Center that organizes it and displays it, to the operator in such a fashion as to make it easy to evaluate the situation.
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 Figure 14
 
 Figure 15
 
 To do this the Operation Center is based on the use of a work station set up around the Olivetti M 24 microcomputer. The Operation Center activates also a road sign to give informations in a clear way to the car drivers. The power supply for the unit will be two lead-acid stationary batteries 24 Volts 1370 Ah C10. The batteries are sized for five days of no-sun. The photovoltaic array powering these batteries comprises 60 panels, 2×36 monocrystal cells. The generator will have an output voltage of 24 Volts and a peak available power of 3960 Watt. The photovoltaic generator will be broken down into six subarrays, each of which will be connected to the storage batteries by means of a voltage regulator and switching devices. The storage batteries, the voltage regulators and the switchboard will be installed in a suitable brick building near the array. To display fog data a high visibility signboard is provided, the signboard writing will be of the fixed and of the variable type, and will inform the drivers were fog can be expected.
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 Figure 16
 
 Figure 17
 
 The signboard will be suitably lighted by fluorescent lights to increase its visibility. 2. MONITORING SCHEME The monitoring and control system is based on the use of a work station comprising: a) an intelligent supervision master station b) an operator post, consisting of: - graphic video - console operator
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 Figure 18
 
 Figure 19
 
 - memory - communication system The system supports: a) The synchronizing generator for the signals input coming from the detection stations; b) The restitution unit for the central post; c) The unit for transmitting commands to the signalling signboard, together with the interface. The supervision of the whole system takes place through the following functions:
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 Figure 20
 
 Figure 21
 
 -
 
 data acquisition input/output processing man/machine conversation operator functions statistical files.
 
 The operations center is located nearby the Verona Sud motorway tollgates, and will use a traditional electrical power supply already available on the spot. Parameters monitored by the system are: - Metereological data
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 Figure 22
 
 -
 
 Electrical parameters as per ECC specifications Charge regulators status (on/off) Experimental sensors pre-alarm Experimental sensors alarm Motorway sensors alarm
 
 Output data from the system are: - Commands to actuate signboard - Operator display- Data trends Data are recorded every minute. All the analog data are averaged for one hour time and then stored for one month. Digital data are stored on the basis of working time computation on an hourly basis. All data are recorded on floppy disk 5" 1/4 in EEC standard format. 3. EXPERIENCE OBTAINED DURING OPERATION The system is working since 1988. Main problems encountered were fog sensors testing and proper calibration. One type of fog sensors was discarded because absolutely unsuitable. Other two types had to be modified to obtain a fog detection span (visibility) of 50 mt or more. Now the system can be considered, with the exception of some minor fault in data monitoring, as properly operating.
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 Figure 1: Fog survey and signaling project Working diagram
 
 SESSION VI: WATER PUMPING AND TREATMENT
 
 Demonstration projects for stand-alone systems with renewable energy sources Photovoltaic water pumping in rural area Zigliara (Corsica) 35 KWp desalination plant for the Melos Island PV pumping for irrigation
 
 CONTRACT NR SE 713/84 DEMONSTRATION PROJECTS FOR STAND-ALONE SYSTEMS WITH RENEWABLE ENERGY SOURCES H.K.KOETHE and E.ROESSLER Fraunhofer Institut für Solare Energiesysteme (ISE) Oltmannsstr. 22 D—7800 Freiburg Summary The Demonstration-Project consists of a subproject A “Information Pavilion” and a subproject B “Water Pumping System”. Subproject A has been postponed due to budgeting reasons. Subproiect B was taken into service in April 1986 for the opening of the “State Garden Show, Freiburg, 1986". The water pumping system consists of a PV-array, a lead acid battery, two DC-water pumps and a wind generator as a back-up. It raises up to 2 l/s (7.2m3/h) to a height of about 14 m and would be able to supply a village in Africa with approx. 5000 people with drinking water. Because of the defect in the temperature sensor from the solar generator, we had incorrect measurings of the temperature and the wind speed. The reason for this was that both channels are measured with the same preamplifier IC. The system, which originally was planned as a double battery system, is now working as a single battery system, because there were too many disadvantages in the control strategy on the one hand and too high energy losses on the other hand.
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 1. INTRODUCTION The water pumping system is located on the area of the “State Garden Show” in Freiburg with a latitude 48. 0 N and altitude 7.84 E. It consists of a PV-array with a peak-power of 1.73 kWp, a lead acid battery with 350 Ah and a nominal voltage of 64 V, two DC-driven water pumps with a power of 0.4 kW and a wind generator with a nominal power of 0.6 kW at a wind speed of 8 m/s. The water pumping system raises a water quantity of 2 l/s (7.2 m3/h) to the top of a hill with a height of about 14 m for ten hours each day. The two pumps are mechanically connected in series, so that one pump feeds the other, in order to reach the needed height. In spring and in autumn, the wind generator sup-ports the solar generator with the power supply. The water pumps are controlled by a special start-/stop-control logic, which ensures that the current for the water pumps is less than 6 A at all times. The whole system is controlled by a control-logic, which cuts off the water pumps if the battery experiences a deep discharge or the system fails. 2. PHOTOVOLTAIC ARRAY The solar array is orientated towards the south with an inclination of 45, and is mounted with a special supporting structure on a steel grid tower. It consists of 45 solar modules, type PO 10/40/01, manufactured by AEG, with a total peak power of 1.73 kW (STC). Because we did not use a MPPT (maximum power point tracker), it was necessary to connect 5 modules in series to get a nominal voltage of 64 V. Consequently we have 9 sub-arrays, which are connected in a switch box on the top of the tower. This switch box also includes the protection against lightning and over voltages. 3. POWER CONDITIONING For the water pumping system, a lead acid battery, consisting of 64 battery cells with a capacity of 175 Ah, type Berga 4BB27 is used. The storage battery is connected in two groups to get a nominal voltage of 64 V. The advantage of using a storage battery in a water pumping system is to use low currents of the solar generator too, which normally could not power the pumps, if they were connected to the solar generator directly. The system will be mainly controlled by the state of charge of the storage battery. In normal operation the solar generator and, if there is a sufficient wind speed, the wind generator too provide the battery with DCenergy. A shunt regulator will prevent the battery from being overcharged by limiting the charge-voltage to a level of 2.35 Volts per cell. The battery provides energy directly to the two water pumps which are controlled by a timer also. If the battery is deeply discharged or any other failure happens to the system, the control-logic will switch off the water pumps. The plant only returns to work, if the battery voltage reaches 2.2 Volt per cell on charging or the fault is remedied off manually. For back-up power supply, a wind generator mounted on the top of the tower is used. Its cut-in windspeed is at 3 m/s and it reaches the nominal power of 0.6 KW at a windspeed of 8 m/s.
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 4. DETAILS OF PV USER APPLIANCES The chosen 60 VDC/400 W—centrifugal pumps type AQUASOL 50L manufactured by KSB are normally intended for direct connection to solar modules with a limited short circuit current (Isc ca. 7 A max.). Because the pumps are not allowed to be operated from batteries, a special starting circuitry had to be developed in order to limit the motor current to safe values (less than 6.0 A) under all circumstances (e.g. starting of the pumps, pumps blocks mechanically etc.). 5. MONITORING SCHEME At the water pumping system, the following parameters are monitored: 5.1 meteorological data * * * *
 
 insolation (array plane) IA wind velocity VM wind direction VD solar module temperature TC 5.2 DC-energies
 
 * * * * * *
 
 solar generator current and voltage shunt current current to DC-loads voltage DC-loads wind generator current and voltage battery voltage
 
 All recording is performed by a data logger type Modas 1223 manufactured by NES, which has 16 analog input channels and 7 pulse input channels with 12 bit resolution. Readings will be taken every 2 seconds and average values calculated from these readings will be recorded every hour. The data logger is able to take up to four plug-in memories (RAM), which have an on-board lithium battery. An advantage of this data logger is that it has a very low power consumption of 0.5 W and a sealed onboard lead acid battery. Reading the plug-in memories and calculating the energy flow is done by an IBMPC using a special equipment, which transfers the data from the memories via an RS 232 interface to the IBM-PC.
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 6. EXPERIENCE OBTAINED DURING INSTALLATION AND COMMISSIONING The water pumping system has been put into operation on April 1986 along with the “State Garden Show in Freiburg 1986”. Although some provisional installations were made, the system operated properly from the start. According to the original time schedule the Data Acquisition Unit (DAU) should already be in service. Instead, the solar generator, wind energy converter, batteries and pumps are measured by using Ahintegrators. The DAU was put into operation after installation of the electronic start-/stop circuitry in September 1986. 7. EXPERIENCE OBTAINED DURING OPERATION Due to the long distance of about 50 m between the solar generator and the shunt transistors, protecting the battery against overcharge, high voltage transients across the transistors occured on current turn-off, which consequently can damage the transistors. In the last year we solved the problem of the defect charging regulator limit. To do as, we optimized the control circuit and added a special protection circuit for the transistor. Furthermore, we had to replace the temperature sensor of the solar generator because of a failure of the previous one. During winter operation of the pumps the upper pump broke down and the start-/stop electronics failed partially. Therefore no consumer was connected to the battery for a few days. However the problem could be solved by installing a reserve pump. The removed pump was inspected for the cause of the breakdown and a transistor was found to be defect. Due to this reparation there is now a reserve pump in the case a fault should appear again. A further locus of our work was the improvement and completition of our analysis software. It is no longer restricted to the calculation and transfer to the ISPRA-Format, as it is now possible to calculate important parameters for our own use and display them in diagrams. This was a very important requirement for us because we are now able to assess the data ourselves. In figure 1 we plot the monthly array output energy against the input energy of the pumps from October 1986 to September 1987. Figure 2 shows the monthly charging and discharging energies of the battery. Contrat SE 593/85 FR PHOTOVOLTAIC WATER PUMPING IN RURAL AREA ZIGLIARA (CORSICA) H.BONNEVIOT TOTAL ENERGIE 24, avenue J.Masset—69009 LYON (FRANCE) SUMMARY The aim of the project is to demonstrate the possibility of a solar pump to solve the problem of water needed to develop the production of quality meat in a corsican area. The pump was installed in March 1987 and lifts around 20 m3 of water per day at 80 meters from a brook. A 3840 Wp array feeds a 380 V submersible pump through a variable frequency inverter.
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 Fig. 1: Monthly array output energy against the input energy of the pumps
 
 The system is working since 14 months without problems. The measurements have been put in operation afterwards and will be modificated in order to collect the data through an ARGOS satellite beacon. 1— INTRODUCTION Developping cattle on his good meadow meant for this corsican butcher to have water on both slopes of the hill. The water of the brook could water the animals, irrigate the meadow during the hot months and, with pressure, wash the slaughtered animals. The electricity line was too far, using a diesel pump was not feasible and nobody lives on site. This typical case was a good opportunity to demonstrate a solar pump in this sunny island. The solar pump commissioned in early March 1987 is providing enough water for the user who since has been able to increase the number of cattle (cows and sheeps) and use some water to irrigate a smal kitchengarden and make local cheeses. 2— PHOTOVOLTAIC ARRAY The photovoltaic generator is made with 96 modules of 40 Wp each for a total of 3840 Wp. Characteristics of the modules:
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 Fig. 2: Monthly charging and discharging energies of the battery Maker: Type: Peak power: Voltage at P. maxi: Current at P: maxi: Short circuit current: Open circuit voltage:
 
 PHOTOWATT BPX 47 400 40 W 16 volt 2.5 Amp 2.73 Amp 20.2 Volt
 
 The array is made with 24 panels of 4 modules wired in series. The panels are wired in series two by two and in parallele in connection boxes. Each module is protected with 2 shunt diodes, each serie of 8 modules (2 panels) is protected with blocking diodes (this diagram is homogeneous with our standard range). The frame structures and feet are in anodized aluminium with stainless steel bolts and nuts, with adjustable tilt rods.
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 3— POWER CONDITIONING The inverter designed for this project converts the 96 volts nominal voltage in 380 voltsAC with variable frequency as to match the power from the panels to the power taken by the pump (flow) through the speed of the pump. Main characteristics:
 
 · Input:
 
 · Output:
 
 · Protections:
 
 voltage: maximum current: maximum voltage without load: number of PV modules in series: maximum power: voltage: maximum current: frequency: efficiency:
 
 setting from 100 to 120 volts 40 Amp DC 170 V 8 4000 VA 40 to 420 volts, threephase AC 3×10 Amp 6 to 60 Hz 93 to 95 per cent
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 polarity inversion short circuit or overload over- vol tage dry running of the pump Whenever any fault occurs the inverter trips and a warning light is on (electric fault or water shortage). The resetting is manual by switching off and on again, or automatic after one night. Conditioning: 2 cabinets electronic control transformer total weight
 
 IP 55 IP 54 120 kg
 
 Working principle: The inverter generates a threephase AC output with a variable frequency which monitors the speed of an AC electric motor. For an electric pump, the absorbed power is related to the speed. The inverter is designed to continuously adapt the power taken by the pump (speed, that is flow) to the power delivered by the PV array (current). In order to use the PV array at its best, the inverter adapts the electric pump system to work at the maximum power point of the photovoltaic cells. This is in particular achieved by varying the output frequency to keep a fixed input voltage. The shape of the signal is P W M (pulse width modulation). The power variation induces the frequency variation while keeping the ratio voltage/frequency constant in order to get a good efficiency of the motor. The power stage is designed with a threephase bridge using field effect M.O.S. type transistors. The electronic circuit is divided in three plugged racks: · power supply · control · monitoring In order to use threephase 380 V AC standard motors, the voltage is elevated to 380 V through a transformer. The protection against overload is made with Hall effect sensors and stops the inverter. The resetting is made after a power input stop (manual or after a night). The lack of water protection is actuated when the generator reaches 1.20 time the working voltage. 4— DETAILS OF PV USER APPLIANCE (equipment) The pump is a submersible 4" with 20 stages and 2.2 kW 380 V LS motor. A small dam has been made to have the necessary storage of water and get enough depth to immerge the pump in a metallic stainer. From the brook the water is pumped to a 20 m3 concrete reservoir into a 800 m long pipe (dia 80) at the top of the hill 80 meters above.
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 80 m elevated 20 m3 reservoir
 
 From the reservoir, the water goes down to the slaughter-house 40 meters below to give the necessary pressure, and along both slopes to watering points for animals. The remaining water irrigates the grass especially during the hot months.
 
 5— MONITORING SCHEME On site 6 parameters are measured manually: · · · · ·
 
 insolation in W/m2 and kWh/m2 for one day: HAENNI Solar 118 voltage (voltmeter) current (ampmeter) amphours (ORTHOTRON amphour meter) flow (FLONIC SM 40 watermeter)
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 3840 Wp array and inverter
 
 Submersible pump in the brook dam
 
 · T.M.H.: pressure gauge Both spot and cumulated data have been measured (see charts). In June 1988, the measurement system will be removed to use a SOLARGOS beacon that will automatically record the daily flow and the insolation.
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 CUMULATIVE DATA FROM THE SITE Daily delivery/daily radiation
 
 DATA RECORD SCHEME THROUGH ARGOS SATELLITE BEACON
 
 Data will be transmitted via satellite in order to follow the performance in real time. Irradiation W/M2 280 332 356 454 606 650 750 800 850 920
 
 Delivery L/mn 0.00 12.00 14.00 28.00 40.00 52.00 59.00 67.00 74.00 80.00
 
 TMH M 82.00 32.00 82.00 82.00 82.00 82.00 82.00 82.00 62.00 82.00
 
 SPOT DATA FROM THE SITE
 
 Voltage v 109.00 109.00 109.00 309.80 110.00 108.90 109.50 110.00 110.00 110.00
 
 Current a 9.00 11.00 12.00 15.00 20.00 21.00 24.00 25.50 27.30 29.50
 
 Efficiency % .00 .13 .14 .23 .24 .30 .30 .32 .33 .33
 
 PV array % .91 .94 .96 .94 .95 .92 .91 .91 .92 .92
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 6— EXPERIENCES OBTAINED DURING INSTALLATION AND COMMISSIONING The system has been designed and tested on TOTAL ENERGIE pumping test bench. There, parameters of the site have been recreated (T.M.H.) and overall efficiency of the pump in particular have been measured and optimized. No particular problems have been encountered on site (only the water-meter blocked by dirt following the installation of piping). Performance datas of pv pump system Pump type : RA 20 Motor : LS 2.2kw Inverter : TSP 4000 The efficiency is the ratio of the hydraulic power and the input power of the inverter Delivery L/mn 97.4 95.1 93.5 90.8 88.6 85.4 82.8 79.7 75.9 70.7 60.8 54.9 43.5 31.2 11.0 0.0
 
 TMH M 80.9 80.4 80.4 80.2 79.7 79.6 79.4 79.2 79.1 79.2 79.2 80.4 79.2 80.7 82.9 82.1
 
 Current A 36.9 35.6 34.0 33.4 32.3 30.6 29.6 28.4 27.1 25.5 24.2 20.7 17.5 14.8 11.4 9.6
 
 Voltage v 108.6 108.6 108.5 108.4 108.4 108.3 108.2 108.1 108.0 108.0 107.6 107.7 107.5 107.5 107.0 106.8
 
 Power W 4006.8 3866.0 3752.4 3622.1 3501.2 3339.2 3204.6 3074.4 2928.4 2751.9 2605.5 2229.0 1874.4 1589.4 1221.0 1028.5
 
 Efficiency % 32.1 32.3 32.8 32.9 33.0 33.3 33.5 33.6 33.5 33.3 33.1 32.3 30.1 25.9 12.2 0.0
 
 7— EXPERIENCE OBTAINED DURING OPERATIONS Some minor ameliorations of the inverter have been made after this first design. The good efficiency obtained and the demand of the market in the mean time decided us to include this power in our standard range of pumps. Contrat Nr. SE/143/85 35 KWp Desalination Plant for the Melos island F.FONZI
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 MEASUREMEMTS ON THE PUMPING TEST BENCH AFTER FINAL DESIGN AND ADJUSTEMENTS
 
 4 kW INVERTERS ON TEST BEFORE SHIPMENT (connected to the pump bench)
 
 Technical Director of Italenergie S.p.A. Summary The proposed project for the site of Embourion (Island of Melos) intends to solve two important problems for the people who are still living there: – the possibility to have electrical energy – the possibility to have drinkable water Embourion is a small village with 9 houses near the beach and other 11 houses in a range of 200 mt. There are about 30–40 people living there the whole year. Among them there is a shepard with about 1000 sheeps
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 and goats. In summer time—for about 4 months—the people increase till about 100 per day and, sometimes, they have a peak of 120–150 if they consider even the small camping near the beach. There is no road connecting the site to the main village (Adamas) and it is possible to reach the place only by boat, crossing the bay from Adams to there (about 4 miles). It is possible to get drinkable water only by boat on summer time, while on winter time they use the stored rain water or brackish water. The Authorities of the Cyclades Islands have requested our Company to submit a project to solve the above described problems, as there are, in the Cyclades Islands, many places in the same situation as Embourion, so that the demonstration project of Embourion can be the first step for a possible solution of the problems of villages in similar conditions. The demonstration project will include the following photovoltaic systems: 1) reverse osmosis desalination plant of sea water of 15 m3/day of 30 KWp; 2) photovoltaic generator of 1.5 KWp to supply the beach restaurant (lighting and 1000 litres refrigerator) 3) 10 lighting poles for the landing (totally 350 Wp) 1. DETAILS OF THE PROJECT 1 .1 Prefabricated photovoltaic desalination plant The combination between photovoltaic generators and desalination plants using reverse osmosis is technically advantageous for the following reasons: - low specific consumption of KWh/m3 for desalinated water compared to other desalination processes (13 KWh/m3 for seawater, 3 KWh/m3 for brackish water) - simplicity and flexibility of function because the process is realized by actuating electric motors for the flowing of water - modularity: the increase of the production capacity can be obtained with modular units The convenience of the photovoltaic desalination plant compared to other traditional systems is evident in limit cases, such as small islands in open sea, remota areas (small islands without natural springs, very far from the coast, and with an avarage insolation of 4 KWh/m2d) and so on. The cost for m3 of produced water by such system is actually comparable, if not less, to the cost of a traditional system diesel+desalination plant, to the cost of the water transportated by tankers. As a reference case, for the slall Greek islands the cost of the transportated drinkable water amounts to about 1520 Dra/m3, while the cost of the produced energy by the diesel generators is about 296 Dra/KWh. Nevertheless, in remote areas, exist noticeable problems regarding the realization of plants, due to transport difficulties and to the lack of normal construction materials and ground organization. That is why, for such areas, it is foreseen a type of plant composed by ‘package’ units of easy transportation and installation. The above mentioned requirements (easy transportation and installation) can be achieved by a prefabricated plant.
 
 SESSION VI: WATER PUMPING AND TREATMENT
 
 257
 
 That is valid for the desalination plant, for the control panels, for the leas acid batteries, for the spare parts and for the chemical substances to be used, and so on. Therefore, the prefabricated housing, once arrived to the site, will constitute respectively: -
 
 desalination room control panels room storage area for chemicals storage tank for sea water and storage tank for desalinated water
 
 Concerning housing having on the roof pv modules, they are designed to become mechanicallu and electrically pre-assembled, in such a way to make a fast installation and to reduce greately the covered area, without disturbance to the natural environment. In this way it is clear how the transportation and installation costs are greatly reduced limiting the civil works on site, and consequently even the transportation of the materials and of the equipment relative to them and reducing also the installation time. A plant so composed has even the advantage to be, when needed, dismantled and remounted in other places quite easily, and therefore it can be considered a plant of quick application. 1.2 Project steps The project will be carried on in the following succession: Phase 1: Design: It includes the ‘blu print’ project in all details Phase 2: Manufacturing and pre-assembling
 
 01.06.87–30.04.88
 
 01.01.88–30.06.88 It includes the manufacture of all parts, their pre-assembling in the factory and the execution of several performance tests Phase 3: Installation on the site and star-up 01.07.88–31.12.88 This step includes transport, organization of the building area, infrastructure, civil works, trails and acceptance tests Phase 4: Management and monitoring of the plant 01.01.89–31.12.90 The project will start on June 1st 87 and will be closed on December 31st 90. 1.3 Technical description The yearly avarage insolation of Melos Island is estimed in 4.3 KWh/m2d on 20° tilted surface. Considering the specified power consumption per m3 desalinated water equal to 13 KWh/m3 and considering also the power requirement of the auxiliary loads (lighting, fans, monitoring etc.) equal to 15% of the basic consumption, it is possible to calculate the yearly water production dividing the yearly electric energy produced by the above global consumption per m3:
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 This quantity seems absolutely sufficient for the needsof the landing of Embourion in winter and summer time. Being the daily water production 7.3 m3 in avarage, they foreseen a desalination R.O. of the nominal capacity of 15 m3/d. The pv field is foreseen directly coupled to the battery (1500 Ah 250 V, back-up 3 days). Furthermore, the main loads (electro pumps of the desalination unit and of the sea water pumping station) will be supplied directly from the battery. In such a way they obtained the easier configuration of the plant increasing the operational reliability and the global energetic efficiency, with the possibility of management of the plant from unskilled personnel. The plant will be located the nearest possible to the sea to minimize the power requirement for the sea water pumping. The photovoltaic field, thanks to the large preassembled panels which are described at point 1., will be very compact with a tilt angle of 20°, so to maximize the fresh water production in summer time. The total surface of the panels will be about 410 m2. The total area of the plant, thanks even to the use of the containers, can be estimated in 800 m2, that is almost 1/3 respects to a traditional layout. They foresee a monitoring and control system to take all the functional and environmental parameters of the plantant and to allow the automatic management. Nevertheless, for flexibility of operation, they foresee even the alternative manual management. A container with air conditioning will house the control system. The total cost of the desalination plant is estimated in 1800 millions lira. 2. TECHNICAL FEATURES a) Panels For the plant we have chosen the Siemens photovoltaic panels type SM 55 in number of 564 for the desalination plant and 27 for the restaurant. The panel has the following features: -
 
 short circuit current voltage by open circuit peak power breakdown voltage test voltage dimensions weight cells number of cells internal connections cover frame rel. humidity temperature irreversible degradation protection
 
 3,27 Ampers 21,8 Volts 53 Watt 3 Volts 2000 Volts 1295×332 mm 6,3 kg monocrystalline 36 see scheme glass EVA sheet treated aluminium 90% −40ºC−+50ºC 10 2 per year IP 54
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 b) Main batteries -
 
 type Bären lenght
 
 -
 
 width height of the box height incl. poles number of poles diameter of poles weight with acid weight without acid density of the acid densidty of the filling quantity of acid material of the box rated voltage internal resistence short circuit current capacity in 10 hours
 
 392 mm 383mm 500mm 525mm 8 30mm 194 kg 142 kg 1024 kg/lt 1023 kg/lt 43 lts SAN OPACO 2 Volts/el 0.075 m 26.5 KA 1500 Ah
 
 c) Auxiliary batteries -
 
 type Bären lenght width height of the box height incl. poles number of poles diameters of the poles weight with acid weight without acid density of the acid density of the filling quantity of the acid material of the box rated voltage internal resistence short circuit current capacity in 10 hours
 
 131 mm 275 mm 413 mm 413 mm 440 mm 2 30 mm 29.1 kg 20.48 kg 1.24 kg/lt 1.23 kg/lt 7 lts SAN OPACO 2 Volts/el 0.48 m 4.16 kA 250 Ah
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 3. THE PHOTOVOLTAIC FIELD The photovoltaic field for the desalination plant, located outside the container, has a rated peak power of 30 KWp. It has 250 Volts in direct current to operate by means of electronic devices the reverse osmosis desalination plant, the lifting pump and the auxiliary services. The batteries, the monitoring system and the instrumentation will be located inside the container. A particular care will be adopted to avoid large winding, which will increase the inducted power by lightning. Different kind of lighting protection will be adopted. The plant will be executed with the application of the security prescription and alarms to protect the personnel. The structures for the panels have been calculated for permanent loads, accidental loads and wind load. The panels have been cabled in sub-arrays, each one constituted by 12 modules in serie, so that each sub-array has a voltage of 250 Volts. The sub-arrays are parallel connected to the main bus, with 47 units. The bus is in alluminium with rectangular section. The intercomunications of the modules are in covered aluminium cable. Each sub-array will have near the bus a junction box with switches to operate ON/OFF on the bus and the short circuit and the grounding of the sub-array. The panels are protected against hot-spot by by-pass diodes and against inverse currents by block diodes. All metal parts will be frankly grounded. There will be poles and ropes of guard against lightning. The batteries have been dimensioned to allow a continuous working of the plant and to avoid its stop by sunless days. The rated voltage of 250 Volts is obtained by 125 cells of 1500 Ah. The self descharging of the batteries is very low (3% month) and has a long life (15 years). The batteries are protected against short circuit and have alarm signals for excessive charge or descharges. 4. PLANT CONTROL AND INSTRUMENTATION The plant has a control system to protect the plant itself and the personnel. It operates automatically the short circuit and grounding of the sub-array if there are prolonged overvoltage. The cable will be automatically grounded by descharges if there are high istantaneous overvoltage. There will be the automatical switch off in the case of functioning out of the voltage limits, to avoid the propagation of failures. The bus voltage to the entrance of the battery will be visualized. All security and control devices are failure proved. There will be audio visual alarms which signalize the misfunctioning and/or the functioning out of the working limits of the critical components of the plant. 5. THE WATER PRODUCTION The plant has a rated production of 15 ton/day and an avarage production of 7.3 ton/day. The drinkable water will be, according to the W.H.O. standards (residual salt 500 mg/lt), and must be free from organic substances, batteria and virus. -
 
 pumped sea water produced drinkable water concentrate recover factor
 
 1.57 m3/h 0.63 ” 0.94 ” 40%
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 The following chemicals will be used for the water reconditioning: -
 
 Fe Cl3 Na Cl O N2 SO4 (Na PO3)6 Na OH
 
 37% 10% 98% 100% 100%
 
 10 gr/m3 15 ” 25 ” 2” 8”
 
 The reverse osmosis plant will be defined to have the lowest possible energy consumption and to have an high flexibility in dependance of the energy disposal. It will be microprocessor controlled and managed. The attached block scheme shows the different section of the reverse osmosis plant. The maufacturer is STILMAS S.p.A., Milan. 6. MEASUREMENT AND MONITORING PROGRAM ‘The measurement programme will be carried out in conformity with the “Guidelines for photovoltaic system monitoring", issue 2, October 1985, established by the Commission’ s services. The contractor will notify the Commission about the starting date of the 2 year measurement phase. From this date on the measurement results will be communicated to the Joint Research Center Ispra every two months for evaluation’. The global system consists of 4 sections: -
 
 transducers section actuators section data gathering and handling subsystem plant management subsystem
 
 The transducers section includes all sensors for the different variables, signal conditioning devices, interconnection wiring. Additional design criteria were: - possibility of operation by unskilled personnel - lowest possible power consumption - high reliability in the unfavourable marine environment (100 % RH, condensating, salt particles and chemical vapours contained in the air) All sensors used in the monitoring system, except the insolation measuring devices, are active transducers giving a d.c. current output, whose value is function of the measured variable. Therefore, no correction is required for the wiring resistence, and its temperature-variation. The following data will be measured: Outdor
 
 - solar radiation (horizontal and tilt angle)
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 air temperature in shadow air humidity wind load measurement on the structures wind speed wind direction module temperature
 
 Indoor -
 
 produced energy of the panels main battery voltage and charge status auxiliary battery voltage and current energy of the batteries (+ and −) absorbed energy by the motors absorbed energy by the monitoring system pumped sea water and distributed fresh water
 
 Contrat Nr. SE/215/83 HE PV PUMPING FOR IRRIGATION Avaritsiotis John, National Technical University, Department of Electrical Engineering, Division of Computer Science, 157 73 Zographou, ATHENS The installation of the demostration project was completed at the end of the summer in 1986, in Menetes of Karpathos island. Since the installation of the monitoring system, in August 1986, and a short period of testing, the plant is operated by the local community for the irrigation of the area. The system was designed to meet the irrigation needs of the region in the most satisfactory way as well as to achieve the best possible utilization factor for the PV generator. Main problems encountered up to now are difficulties of transportation to and from the island and the consequent long breakdown periods, which to same extend are covered by a diesel generator used as an emergency back-up. 1. INTRODUCTION Hellenic Industrial Development Bank S.A. (ETBA S.A.) in co-operation with B.P. of Greece and Athens University (see Table I) has installed a PV solar pumping system for irrigation at Karpathos island, in Greece in a borehole which was drilled approximately twenty years ago. The solar PV array feeds a submersible centrifugal pump through a 10KVA DC/AC inverter which keeps independently of insolation a constant V/f ratio at the output. Pumped water is stored in two tanks, and the operation of the system is controlled either manually or automatically. The monitoring system provides a comprehensive range of data for the analysis of the performance of the whole system. All the equipment are protected inside a small building which has been erected above the opening of the well.
 
 SESSION VI: WATER PUMPING AND TREATMENT
 
 263
 
 Figure 1
 
 2. PHOTOVOLTAIC ARRAY The PV generator consists of 309 modules, type BP-A -1233, manufactured by BP SOLAR SYSTEMS
 
 264
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 Figure 2
 
 LTD, and it is subdivided into two sections:
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 Figure 3
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 The first section (8,850Wp) is incorporated in the main system and it feeds a submerged centrifugal pump through an 10KVA inverter.
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 Figure 4
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 Figure 5
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 Figure 6
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 Figure 7: Block scheme of the photovoltaic plant
 
 The second section (1,150Wp) powers the monitoring system, the controls of the main system and electrifies the small building and constitutes part of the auxiliary system. The modules of the main system are arranged in sections each containing 7 modules connected in series. Three adjacent sections are connected in series to form a sub-array of 21 modules, with a nominal terminal voltage of 330V DC. Each sub- array of the auxiliary system consists of 5 modules connected in series. The output of each of the 17 sub-arrays (i.e. 14 for the main and 3 for the auxiliary system) is transferred from the PV field to the control room via a two core NYY cable. Each section of the PV array is supported by a galvanized steel framework. The inclination of the modules is 35° towards the south. The metallic structure is electrically earthed to provide protection against lightning. 3. POWER CONDITIONING The pump is powered by the PV main system through a 3-phase inverter with sinusoidal output current and variable votage amplitude and frequency. The inverter is the 10KVA SOLARVERTER (G) of AEG, and it is directly connected to the PV array since it is equiped with a Maximum Power Point Tracker. At the inverter output the ratio of the voltage to the frequency is maintained at a constant value, so that the motor of the pump operates continuously at a constant magnetic flux and consequently it can be loaded with its rated momentum at all rotational speeds, up to the rated rotational speed. At the lower frequencies the voltage is increased in order to compensate for the ohmic drops in the stator of the motor. Technical specifications for the AEG inverter are given in Table II. The auxiliary system has 60V DC voltage output. A bank of batteries is used with a total capacity of 600Ah. A solid state battery charge regulator, sensing the battery voltage safeguards against overcharging and deep decharging. The auxiliary system provides 220V rms/50Hz through a 600 VA DC/AC inverter.
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 Figure 8: Power plant block diagram
 
 4. DETAILS OF THE LOAD The combination of the pump and the borehole characteristics may be considered to constitute the load of the system. The pump, a PLEDGER N65–8, is of a submersible cen trifugal type coupled to a 3-phase motor with rated power 6.3 KW at 380V. Fig. 1 shows the characteristics of the pump fo various speeds toghether with the characteristics of the hydraulic network to both tanks. The water is pumped either to a tank situated 12m below and 1,550m far from the borehole opening or to a second one positioned 27m above and 264m far from the same opening. Changeover from one tank to the other is being done automatically according to the level of insolation. According to computer simulation studies performed the threshold value of 400W/m2 has been selected for the changeover between the two tanks in order to satisfy two requirements: a)minimize the time during which the water flow rate exceeds 14m3/hour and keep the upper tank with water for an estimated water use from the upper tank. The level of the water in the well varies with pumping flow rate from 8.1m down to 69.5m (depth of the well). From preliminary measurements of the dynamic behaviour of the well the level of the water in the well dropped to 32.4m from the opening, after 8 hour pumping at the rate of 8m3/hour.
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 Figure 9: Block scheme for monitoring and measurements
 
 5. MONITORING SCHEME The data logging is performed with the aid of a PC which is fully IBM compatible and two signal conditioning cards, the µ-MAC 4000 and µ-MAC 4010, manufactured by Analog Devices. Data are recorded on 360 KB DS/DD 5" 1/4 floppy disks. Data measuring frequency is 1sec with integration every hour and subsequent recording of the resulting values. A copy of the data on floppy disk is sent to ISPRA for evaluation. Parameters which are monitored are: -
 
 insolation (horizontal) insolation at the plane of the PV array Ambient temperature Wind velocity PV cell working temperature at 3 modules employing thick film Pt 100 sensors encapsulated in the modules during the lamination process. Power o/p of the PV array (IxV) Power o/p from the AEG inverter Water flow events, like change over from one tank to the other, etc.
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 Figure 10: Block scheme of the desalination plant
 
 6. EXPERIENCE AQUIRED SO-FAR The most serious problem encountered during the installation was the difficulty of shiping the various componenents to the site. The same problem still exists having as a result the rather long repairing time which is required when something goes wrong specially during the winter period. Problems encountered so far may be classified in two categories: a) Problems with the electronic gear. The auxiliary inverter was replaced because it was damaged. The 10KVA inverter developed problems three times in its auxiliary switching supplies and it was necessary to ask to be repaired by the manufacturer, on the site. b) Problems with the pump and the borehole. Due to the old age of the borehole the iron walls have been oxidizad and rather large amounts of rust exist in it. That according to the greek manufacturer who sold the pump damages the rings of the pump. The rings of the pump have been changed twice up to now and a solution of that problem is expected to come from the consultation of the mother company. Problems with the cables which connect the pump with the inverter have been encountered due to the rubbing of the cables on the rusty walls of the borehole during the im mersion of the pump into the well. It is believed that this problem will be solved by changing the way the pump is immersed into the borehole. c) Lack of electronics technician on site who will be able to locate the problem and carry out repairing work.
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 7. RESULTS The wire—to—water efficiency of the system or in other words the overall efficiency of the PV pump installation may be defined as the ratio of the power output divided by the power input: Power output is the useful work done by the pump and it is the rate of energy input to the liquid. That is the product of the pumping rate and the head, against which the pump works: The input power is the electrical power required to run the motor of the pump. That may be the AC power provided by the inverter. Some information about the performance of the pumping system may be extracted from fig. 2 which shows the “pumping efficiency” against AC energy provided to the motor of the pump. The pumping efficiency is defined here as the flow rate over the AC energy multiplied by 100. Pumping efficiency (PE) decreases with increasing AC energy level. More specifically when AC energy increases from 1.5KWh to 4KWh PE decreases from 600 to 300, i.e. a drop of 50%. Two factors are believed to contribute to that decrease of PE; one is the pipe friction head and the second one is the lowering of the water level in the borehole with incresing pumping rate. Pipe friction head can be modelled as where Q is the flow rate and k a constant that depends on the pipe size and material. The lowering of the water level in the borehole may be approximated by a simplification of the ARMA model, i.e. where bo a constant characteristic of the particular borehole. Consequently, assuming a relatively constant efficiency for the motor and a slightly increasing efficiency for the pump, the decrease of PE may be attributed to the lowering of the water in the well. As to the efficiency of the power conditioning unit, i.e. the 10KVA inverter which incorporates a MPPT it seems to be rather lower than expected. Fig. 3 shows the efficiency of the power conditioning unit as a function of the array power. A special instrument is used for the measurement of AC power on one of the phases of the inverter, which samples at very high frequency both current and voltage and integrates over the period. That system has a frequency range 5–100Hz and gives an output 0−20mA. It has been calibrated by the manufacturer. TABLE I PROJECT PARTICULARS Main Contractor Site Rated peak power of PV array Starting date of the project Starting date of 2–year monitoring campaign Manufacturers of the main components
 
 HELLENIC INDUSTRIAL DEVELOPMENT BANK 18, Panepistimiou Str., GR 106 72, ATHENS Menetes, Karpathos island, Greece. 10 KW. 7–1–1984 1–10–1986 BP Solar Systems Ltd, UK:
 
 PV array
 
 AEG Telefunken:
 
 Inverter 10 KVA
 
 274
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 Fig. 1: CURVES FOR PUMP AND NETWORK
 
 Main contractor’s project leader
 
 Pleuger of Greece: water pump Athens University: electronic control, and data logger J.N.Avaritsiotis, National Technical University, Department of Electrical Engineering, ATHENS.
 
 TABLE II Technical Specifications of the Inverter Rated o/p power Rated o/p current Output voltage maximum (at Ui n=345V) Output frequency Minimum/maximum Standard frequency range Rated i/p voltage Ui n minimum/maximum Efficiency Type of protection Cooling
 
 10KVA 25A 0–0. 75U 255V 1/500Hz 1–60 Hz 300V DC 200/250V 95% IP 20 self cooling
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 Fig. 2: P.E. vs AC ENERGY
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 Fig. 3: EFFICIENCY vs. ARRAY POWER
 
 SESSION VII: TELECOMMUNICATIONS
 
 Photovoltaic installation of the R.F. Station Antikythira Gros Bessillon: A monitored PV/Diesel hybrid system for telecommunications Autonomous photovoltaic supply (20 KWp) of the kaw mountain relay transmitter center
 
 CONTRACT NO. SE 704 83 HE PHOTOVOLTAIC INSTALLATION OF THE R.F. STATION ANTIKYTHIRA H.KADELLA *) and D.TOUZOPOULOS **) *) Siemens Solar GmbH, Bergisch Gladbach/FRG **) Hellenic Telecommunications Organization (O.T.E), Athens/Greece Summary The objective of the project is to demonstrate that an isolated telephone, radio and television repeat station can be power supplied by a PV-plant in cooperation with an existing diesel plant. The station is located on Antikythira Island, between Crete and Peloponessus. The electric power of 20 kWp is generated by 160 solar modules. Eight Varta bloc batteries with a total capacity of 13600 Ah are installed. Three separated small solar modules are foreseen for charging the starter batteries of the diesel generators. The PV-plant meets the energy demand of two different types of consumers. The 24 V DC consumers are the monitoring system, receiver and transmitter, fan, emergency room light, and the 220 V AC, 50 Hz consumers are antenna light, airway beacon, compressor and air-dryer, carrier telephone and voltage relais. The installation and commissioning was finished at the end of October, 1985 and the data acquisition system has been operating since November 1, 1985. The performance of this project had been monitored for a two-year period, namely from November 1985 to October 1987. The data obtained from the analytical monitoring are encouraging. Apart from some initial problems during the set-up phase and irregularities of the data acquisition system in the second year after commissioning the obtained monitoring results from the Antikythira station are of good quality and show that solar energy is a reliable source for remote and isolated telecommunication relay stations.
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 1 INTRODUCTION The construction of the PV-Power Plant for the Antikythira Telecommunications Relay Station was partly sponsored by the European Community, Energy Directorate DG XVII as part of its energy demonstration programme. This PV-plant had to be tailored to and integrated into existing components such as Diesel aggregates and auxiliary systems. The PV-generator reduces the fuel requirements of the Diesel generators, which in the past had solely powered the relay station. 2 DESCRIPTION OF THE INSTALLATION 2.1 PV-Plant The PV-field has a nominal power of 20.8 kWp and consists of 8 subfields of 2.6 kWp (Fig. 1). A total of 160 modules of type SM 144–09 with 130 Wp each are installed. Eight batteries with a capacity of 1700 Ah/ 24 V each provide storage for approx. 8–10 days. Eight DC/DC-converters with maximum power point tracking adapt the field to the load. The Diesel generators remain available for back-up. Three small PVmodules are mounted for loading the starter batteries of the Diesel engines. Besides the DC-consumers also 220 V AC-consumers are supplied with electrical power via an 1 KVAinverter. 2.2 Monitoring System Analytical monitoring is provided by a HP 9915A computer via a HP 3421A data acquisition and control unit. The data are written by a tape-drive CDS 2.50 unto ECMA-46 cartridges and sent to JRC-Ispra. The following variables are measured: -
 
 Insolation, global (horizontal) Insolation, array plane Ambient temperature Module temperature Output energy PV-array Output energy DC/DC converter Input energy battery Output energy battery Energy to the consumers Energy from the diesel generators. 3 RESULTS OF MONITORING
 
 The results of the first year of monitoring are shown in Table I and summarized by JRC-Ispra [1].
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 The mon-time gives the total number of hours for which monitoring data were recorded, EAt is the integrated energy output from the PV array field and PVU is the energy from the PV-field effectively used in the load (transmitter). The Capacity Factor Cap. F.=PVU/(Pp*mon-time)=(mean power to load)/(peak power) i.e. a capacity factor of 10 % corresponds in this case (P=21 kWp) to a mean load power of 2.1 kW and represents a fairly standard value for solar powered telecommunication installations. Mean array efficiency Mean Eff.=EAt(month)/((monthly integrated irradiance) *Ftot) while maximum array efficiency is the maximum of such a ratio computed for each hour. The Arr. Eff.(max) data are typical for the type of modules used and were found also in other PV installations for the same modules. The mean array efficiency may be considerable lower than the maximum array efficiency in cases of bad load management. The present case is an example of excellent operation procedures, as the mean efficiencies are only about 10 % less than the maximum efficiencies. During the sommer months the efficiencies are lower than in winter time because of the temperature effect. The tilt efficiency is the ratio of integrated irradiance in the array plane to horizontal integrated irradiance: since the inclination of the modules is chosen in such a way as to absorb more energy during the winter months, the tilt efficiency is greater than one in winter and lower than one in summer. The converter efficiency is the ratio of energy output to energy input at the DC/DC-converter which transforms the operating voltage of the PV-field to that used by the transmitter. The overall efficiency is the ratio of PVU to the total integrated horizontal solar energy, i.e. it is PVU/((global horizontal monthly irradiation)*Ftot) It also clearly reflects the seasonal trend of the tilt efficiency. During the second year of the monitoring campaign several interruptions of the Monitoring system occured. The data of November 1986 were unrealistic, December 1986 had still a capacity factor of about 7, 2 %, but the cartridge with data from January 1987 to April 1987 were rejected by the JRC-Ispra computer. The following data cartridge were also of no use for the evaluation of the Plant. Because of the missing data conservative assumptions were made to get an estimation about the amount of produced kWh during the two years after Commissioning. In this simulation the total PV-energy production during the first two years amounts to 46400 kWh or 23200 kWh annually. The objective of this project was to reduce the fuel requirements of the Diesel generators which had powered the relay station in the past. By means of the PV-plant annual fuel savings of about 7000 litres are possible. 4 CONCLUSION Since the transport of fuel presents major logistical problems during a large part of the year with associated high costs the substitution of Diesel fuel for isolated Telecommunications Relay Stations has a high priority. The PV-installation of R.F. Station Antikythira demonstrates reliability and appears economically attractive. REFERENCES 1
 
 [] G.Blässer: Monitoring Results from Demonstration Projects, CEC-DG XVII-Contractors Meeting, Brussels, 28–29 April 1987
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 Fig. I: One-line diagram power supply Table I: Summary of Antikythira Monitoring Month Nov. 85
 
 Dec. 85
 
 Jan. 86
 
 Mar. 86
 
 Apr. 86
 
 Jul. 86
 
 Aug. 86
 
 Sep 86
 
 Oct. 86
 
 mon-time(h) EAt (kWh) PV U (kWh) Diesel (kWh) Capacity F.% A. Eff. (max)% A. Eff. (mean)% Tilt Eff. % Convtr Eff. % Ov. all Eff. %
 
 687 1578 1380 0 96 7.2 66 163 78 94
 
 537 1137 1016 3 9.0 7.1 6.4 (352) 78 (20.2)
 
 337 321 278 433 (3.9) (28) (1–7) (600) (113) 89
 
 173 172 140 0 9.1 6.1 5.4 109 87 4.8
 
 46 120 90 0 93 58 5.3 94 09 3.7
 
 175 528 372 0 10.1 6.0 5.5 79 91 3.0
 
 334 1054 713 3 10.2 62 5.1 95 92 33
 
 648 1821 916 0 6.7 7.0 55 111 91 3.1
 
 Source: JRC-Ispra
 
 Project No. SE 114/85 FR GROS BESSILLQN: A MONITORED PV/DIESEL HYBRID SYSTEM FOR TELECOMMUNICATIONS M.AUBREE and D.MARQUET FRANCE TELECOM CNET/PAB/STC/ESA
 
 397 1124 853 0 10.2 6.8 5.3 128 92 5.1
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 38–40, rue du Général Leclerc 92131 ISSY-LES-MOULINEAUX FRANCE SUMMARY The objective of the project is to demonstrate the technical and the economical interest of the combination of a PV system (PVS) with a diesel engine generator (DEG) supplying remote telecom stations over 500 mean watts. The “Gros Bessillon” microwave relay is supplied by a 3 200 Wp PV generator, a 2 500 Ah battery and a 8 kVA DEC. The sizing of the PV system is reduced by half compared to a single PV system. The major targets of the project are: - the industrial design - the optimization of the combined power sources - the remote supervision and data acquisition with a low cost microprocessor subsystem linked to the telephone network. 1— INTRODUCTION The National Telecommunications Laboratory (CNET) of FRANCE TELECOM has been led to design a hybrid PV/DEG power system for the “Gros Bessillon” microwave relay in the South East of France near Toulon. The principles of sizing are those defined by the CCITT* of the International Telecommunications Union. 2— POWER SUPPLIES NOT ADOPTED - no mains connexion, owing to the high investment cost and risks with lightning - no single PVS owing to the high investment cost to supply 600 mean watts - no hybrid PV/wind generator: already experimented by the CNET - no double cycled DEC owing to the high maintenance cost. 3— ADVANTAGES OF THE PV/DEG HYBRID SYSTEM The combination of two power sources leads to a reduction of the disadvantages of each one used individually, without decrease of the overall reliability: - thanks to the DEG, the PVS is sized on the mean yearly solar radiation and no longer on the month of low sunshine.
 
 * Comité Consultatif pour le Télégraphe et le Téléphone set in GENEVA
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 - thanks to the PV generator, the DEG working time is reduced. The yearly energy provided by the DEG is generally between 10 and 40% in order to have a significant reduction of the overall costs. 4— DESCRIPTION AND PRINCIPLE OF OPERATION (Fig. I) 4.1— Telecom system and site features The telecom system is a microwave relay used for the telephone routing of severall small cities and their surroundings. Its mean power consumption is 600 W/48 V. The “Gros Bessillon” relay is located on the top of a hill at the altitude of 810 meters. The climate is a mediterranean type with short but hard conditions during the bad season. The access is possible by a track. The site frequently suffers from local thunders and lightning. 4.2— Description The system is composed of: -
 
 a photovoltaic generator (PVG), lightning protections (LP), a storage battery (B), a diesel engine generator (DEG), a battery control unit (BCU), a rectifier (RE), a supervision unit (US). 4.3— Block diagram 4.4— Principle of operation (see figure II)
 
 When there is sufficient solar radiation the microwave relay is supplied by the PVG and the battery. After a period of bad weather, the DEC automatically starts on a voltage-discharge threshold provided by the battery control unit (ECU). Then the DEG supplies the microwave relay through the rectifier. The charge of the battery must be the fastest as possible (10 hours maxi) and limited to 90 % of the full charge in order to reduce the working time of the DEG. The DEG-stops on the indication of the BCU (end of charge voltage threshold or 10 hours time out). In case of DEG failure, an alarm is sent to the remote maintenance center. Then the remaining capacity of the battery may be used to provide the energy during the access time to the site of the maintenance staff.
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 Figure I
 
 Figure II
 
 4.5— Using conditions of the battery The capacity of the battery is used as following: Al = an autonomy for usual charge-discharge cycles. This autonomy reduced to 3 days has a direct influence on the number of DEG starts up. A2 = an autonomy which depends on the organization of the maintenance staff and the access time ot the site. This autonomy is set to 3 days (1 week-end+1 day). With those two conditions the start-up voltage threshold is choosen with the help of the battery manufacturer and the following data: - temperature, - discharge rate. This threshold is fixed to 48,50 V at 25°C. The DEG stop voltage threshold is set to the end of charge voltage of the battery: 57 V. A complement of charge is eventually realized by the PVG if the weather allows. Eventually, if a sunny period follows the working time of the DEG, short and not dangerous overcharge of the battery may happen.
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 5— SIZING AND EQUIPMENT FEATURES 5.1— Maintenance target The acceptable maintenance visit frequency must be similar to a single PVS and not exceed twice a year. 5.2— Percentage of energy provided by the DEG: X Several technical and economical sizing with different values of X allow the definition of the best theoritical yearly proportion of energy provided by the DEG. For “Gros Bessillon”, X has been set to about 30 % and this choice leads to a reduction of 50 % of the PVG and the battery capacity which would be used in a single PVS. 5.3— PV generator (see fig. III) The peak power Pp is calculated from the formula: where Gm is the mean solar radiation on a 50° south tilt angle (Gm= 4,61 kWh/m2/d, instead of 3,50 kWh/ m2/d for the bad season) K is a factor which integrates PV modules curves dispersion, charge efficiency, ageing etc…. It does not integrate the meteo data error owing to the presence of the DEG. (K=34,8) (1−X) is the theoritical proportion of energy provided by the PVG (70%) Pm is the mean power of the telecom system (Pm=600 W). Calculations lead to 3 200 Wp in excess. The PV array is composed of 80 multicrystalline silicon modules PWP 402 of 40 Wp manufactured by PHOTOWATT company. It is organized in a serial-parallel network of 5 subarrays and 5 branches providing a peak current of about 10 A each. The distance between the PVG and the telecom building is 50 meters, so a lightning protection has been connected at each extremity of each branch. The parallel connexion of the branches is realized in a switchboard into the building. 5.4— Battery The battery capacity is calculated with the formula: where n is the autonomy (n=6 days=Al+A2) Ud is the mean discharge voltage (Ud=48 V) k is a factor which integrates ageing, capacity derating with temperature, long discharge at low current, 80 % depth of discharge (k=1,23).
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 Calculations lead to 2 500 Ah C10 in excess. The battery is a solar battery composed of 24 cells from OLDHAM Company. 6.5— Charge regulator Months J F M A M J J A S O N D Theoritical Ah/Day PV Generator 140 180 195 202 199 207 231 224 216 180 147 128 Ah/Day Telecom System 288 288 288 288 288 288 288 288 288 288 288 288 The theoritical daily energy balance shows that a charge regulator is not necessary. 6.6— Rectifier and DEG (see fig. IV) After each DEG start-up, the rectifier supplies the telecom station and charges the battery for 10 hours long at most. The rectifier integrates in a same rack, five plugged in and independant modules. Each one can provide 20 A/57 V. This configuration increases the reliability and makes the maintenance easier. This equipment is manufactured by HOUVENAGHEL Company. The DEG is an 8 kVA SAFARI type, developped by DIESEL ENERGIE Company on the base of an air cooled DEUTZ engine. It integrates in a same sound proofing rack: - a 350 liters fuel tank in the upper part, - the engine and its alternator in the lower part, - an extra large oil tank allows 250 hours time space between oil charges, - electronics control which allows 3 automatic attempts for each start-ups. In order to reduce the fuel transport, a 2 500 liters extra fuel tanks has been connected to the integrated SAFARI tank. The DEG and rectifier equipment are standard and widely used for small mains connected telecom stations in France. 6.7— Battery control unit (BCU) The BCU has been developped by the CNET It controls the DEG operation by means of accurrate voltage balances which detect: - the DEG start-up threshold voltage: 48,5 V - the DEG stop threshold voltage: 57 V - the deep discharge and alarm voltage threshold: 47,50 V These 3 thresholds can be adjusted to other values. In addition after each start-up, the DEG working time is limited to 10 hours by an external timer. The combination of a voltage threshold and a timing for the DEG stop, allows in a same time: - a quickest charge of the battery in the likelihood of sunny weather coming back,
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 - a limited charge of the battery until about 90 % and eventually a safety DEG stop. In addition after each start-up, the DEG working time is limited to 10 hours by an external timer. The combination of a voltage threshold and a timing for the DEG stop, allows in a same time: - a quickest charge of the battery in the likelihood of sunny weather coming back, - a limited charge of the battery until about 90 % and eventually a safety DEG stop. 6.8— Supervision unit (see fig. V) The US is used as a preventive maintenance tool in order to increase the availability of the power supply. The US has been developped by the CNET, it integrates in a small rack: -
 
 Z80 CMOS microprocessor card, a binary input card (16 inputs+8 current loop), an analogic card (8 inputs—12 bits precision) a memory card (32 Kbytes) modem card (V23).
 
 The US makes periodical checks and measurements on the power equipments and can early detects failures and send alarms. The automatic check fo the DEG consists in a weekly 15 minutes operation; it also prevents from long period with no start-up, in particular during summer. The state of the power station and the recorded data may be displayed on site or on a remote Minitel terminal through the telephone network. The man-machine communication and the reading of a logbook allow the access to: - the general synoptic of the station with refreshed measures (indoor temperature, PV current, battery voltage and current, rectifier current, telecom system current) - dated alarms provided by the DEG (low fuel level, high oil temperature, pump failure, regulator disfunction, excess of working time, start-up failure, etc…), the rectifiers (fuse failure—rectifiers failure), the battery (low voltage), the PVG (robbery), the building (irregular temperature—fire—house-breaking) - dated events as DEG start-up and stop sequences with battery voltage, maintenances - statistical data: amperehours, solar energy, battery voltage are recorded and may be transmitted to a remote computer (PC). 7— PROBLEMS During the beginning of the operation of the hybrid system a few problems have appeared. 7.1— Overvoltage Overvoltage reaching 60 V may happen after a charge of the battery by the DEG, if the sun comes back. There is no real drawback for the battery, but the radiowave DC/DC switching converters cannot stand input voltage higher than 57 volts.
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 So a voltage drop of the DC distribution has been made with 4 serial diodes which are automatically connected when the battery voltage is higher than 57 V. 7.2— Lightning In spite of the lightning protections connected on the PV generator and the switching board, several components and microchips in the US and the BCU have been destroyed by residual pulses. So tertiary lightning protections have been added directly on the BCU, the US and the DEG electronics. 7.3— Low temperatures Battery capacity and voltage are affected by the temperature. With a 48,50 V fixed voltage threshold, the cycling autonomy (A1) is reduced significantly at low temperature and the DEG starts needlessly and too frequently. So the DEG start-up threshold is compensated on the BCU with a slope about 12 mV/°C. 8— FIRST OPERATION RESULTS The sizing validation is given by the starts-up number NS and the yearly working time TW of the DEG. For a yearly operation, the theory gives: and TW=10×NS with NS X A1 TR
 
 = = = =
 
 yearly starts up number % energy provided by the DEG (30 %) cycling storage (3 days) recharge time of the battery by the DEG (10 hours)
 
 So, the theoritical results are NS=32 and TW=320 hours The first practical results recorded with the Supervision Unit from March 1987 to March 1988 shows lower values. 1987 NS TW
 
 M 9 65
 
 1988 A 1 9
 
 M 2 20
 
 J 3 27
 
 J 0 0
 
 A 0 0
 
 S 0 0
 
 O 1 10
 
 N 3 29
 
 D 2 20
 
 J 4 38
 
 F 2 15
 
 M 0 0
 
 Total 27 233
 
 The difference with theory is explained by the last exceptionally fine winter and also by short recharge time in particular when the end of charge of the battery coincides with the come back of the sun (this is the case for the working time during March 87).
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 9— DATA ACQUISITION 9. 1— Measurement equipement In order to measure solar energy and amperehours data, precise electronic counters have been developped by the CNET, around ready to use microcontroller cards. Each unit has two voltage inputs with amplifiers, and the integration is based on a voltage to frequency conversion. The US read these counters, and the values are stored and transmitted through the telephone network with other measurements in secured X25 data packs. The monitored parameters are included in the following table: Description Daily solar radiation on a 50 south tilt angle Amperehours provided by the PV generator Amperehours provided by the rectifier Amperehours discharged from the battery Amperehours absorbed by the battery Battery voltage
 
 Sensor HAENNI pyranometer counter 1 Shunt 60 A/100 mV counter 1 Shunt 125 A/100 mV counter 2 Shunt 200 A/100 mV counter 2
 
 Measure Period Number of records +energy 1 day 60 +energy 1 day
 
 60
 
 +energy 1 day
 
 60
 
 +energy 1 day
 
 60
 
 1/2 hour 9.2— Data acquisition block diagram
 
 2 880
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 fig. 3: Gros Bessillon PV plant 3200 Wp
 
 9.3— POWER CONSUMPTION Those counters have been developped in order to be used in small PV stations, so their power consumption is limited to 2 watts under 48 volts. The supervision unit is intented to rather large PV system and needs 5 watts. So the total, control and data acquisition power requirements is lesser than 10 watts, that is 1,6 % of the telecom mean power. 10— CONCLUSION Now the power station and supervision unit have been working correctly for more than one year; the design and the sizing seem to be confirmed and the reliability target reached. The energy counters have been recently installed, so the monitoring phase can begin. Further results should show the correlation between DEG operation and energy measurements. CONTRACT SE/122/85 AUTONOMOUS PHOTOVOLTAIC SUPPLY (20 kWp) OF THE KAW MOUNTAIN RELAY TRANSMITTER CENTER B.AUBERT Renault Automation 2, Avenue du Vieil Etang—B.P. 19 F—78391 BOIS D’ARCY Cédex SUMMARY This 20 kWp photovoltaic generator is designed to supply electrical power to the Kaw Mountain Relay Transmitter Center, completely isolated on the road-side of the Kaw—Roura track—70 km far from Cayenne, the main town of French Guyana. The center will comprise two Television Relay Transmitters
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 fig. 4: Integrated 8 kVA DEG “SAFARI”
 
 fig. 5—The Supervision Unit and the “Minitel” terminal with the displayed station synoptic
 
 and two relay transmitters for frequency modulation radio broadcasting. These different relay transmitters use the most modern technology and have been designed to be particularly economical as regards energy consumption. This project will make it possible to validate the photovoltaic alternative for supplying power to such facilities subjected to public service constraints, and to demonstrate the total autonomy and reliability of this type of generator under particularly difficult conditions.
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 That is why reliability and automatic working were taken into account as from the beginning of designwork. That is also why the choice of components has been made with the utmost care. In particular, all the power contactors operate in controlled atmosphere and electronic control systems have been made up from extensively tested standard sub-assemblies. Besides, special precautions have been taken in various parts of the installation to protect it against theft. 1. INTRODUCTION The project attempts, on the one hand to demonstrate that the photovoltaic generation of electricity in the several tens of a kW range is a solution particularly well adapted for supplying power to relay transmitter centers comprising modern relay transmission facilities, the energy efficiency of which has been specially studied, and on the other hand that reliability is such that public service can be satisfactorily assured. In the Kaw Mountain Center, two television channels are relayed 10 hours per day and two frequency modulation radio channels 24 hours per day. The forecast average daily energy consumption is 40 kWh. The isolation of Kaw Mountain has obliged account to be taken of reliability as from the design phase, for a stand-by generator is not provided. Whatever the malfunctions that may affect the photovoltaic generator, everything is planned so that they cannot have any consequences on the broadcasting facilities. Special precaution have been taken against theft and in particular that of the photovoltaic modules, both in respect of design of the panels and in their construction and their on-site installation. A telesurveillance device ensures the proper functioning of the installation and transmits information to Télédiffusion de France (TDF)'s regional centre at Montsinery. 1.1. Present status of the Project The Kaw Mountain Relay Transmitter Center is a fundamental link in the chain designed to give complete radio and television coverage to the East of Guyana. Construction of the solar generator has proceeded as follows: - building and civil engineering: November ’87 to 20 January ’88 - transportation of equipment: December ’87 to 22 January ’88 - installation: 20 January to 16 March ’88 Photovoltaic power supply to Kaw Mountain Relay Transmitter Center was commissioned on 16 March ’88 and was followed by various operating tests and performance tests. Since then, the installation has been in operation, supplying power to the first television channel relay transmitter. The equipment necessary for retransmission of the two FM radio channels and the second television channel were installed during the month of April. The data acquisition system is in operation and the sending of the first cassette to Ispra is planned for the end of May.
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 1. 2. General specifications PV ARRAY -Mean daily load supply Composition -21 panels of 24 modules from Photowatt -Tilt: 10°/horizontal STORAGE BATTERY -Type: stationary cells lead/acid from Oldham -Number of cells in series per battery -Capacity -Autonomy at full load -Voltage range -Self discharge POWER CONDITIONING -Manufactured by Photowatt -Maintains the state-of-charge of battery in the range -System fully instrumented to allow all energy balances: solar irradiation, DC energy generated, storage contribution energy supplied to the relay transmitter center…
 
 -Peak photovoltaic power (at S.T.C.) 40 kWh 40 Wp
 
 20 kW
 
 -2 batteries in parallel 23 3510 Ah at C/10 7 days 43,7–55,2 V 3%/month -Fully automatic operation, designed by 30%–100 % Renault Automation
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 2. PHOTOVOLTAIC ARRAY To facilitate maintenance of the photovoltaic array in a region of the world where vegetation grows extremely quickly, the photovoltaic panels have been installed on a concrete slab. Since the supply voltage of the retransmission facilities is 48 and 24 V, the rated voltage of the array is 48 V. The array consists of: 21 panels, each comprising a galvanized steel structure supporting 24 photovoltaic modules of 40 W peak each (with irradiance of 1000 W/m2 and a cell temperature of 25º C. Electrically, these 24×12 V modules are connected in series in 4’s (48 V) and these groups are connected in parallel in 6’s, to form one 960 Wp panel. The modules have a rated power of 40 Wp, at 12 V, type BPX47–401 from Photowatt. They comprise 36 cells, size 100×100 mm, made of multicrystalline silicon encapsulated between two glass sheets. They meet French standard NF C 57–100 and are approved by the CEC’S JRC Ispra. They have been specially sorted for this project into three power classes in the 40±2% Wp range and are divided as follows: 28 58 418
 
 modules modules modules
 
 38 39.3 40.7
 
 Wp Wp Wp
 
 ≤ ≤ ≤
 
 P P P
 
 < < ≤
 
 39.3 40.7 42
 
 W W W
 
 This division makes it possible to only group particularly homogeneous power modules in series and therefore reduce losses due to dispersion of characteristics. The six groups of 4 modules of each panel are connected in series to a central junction box situated underneath the panel. Each of the 21 panels is connected directly to the control/monitoring cabinet. Each module comprises two hy-pass diodes and each group is protected by blocking diodes, which are placed in the central junction boxe of the panel. Anti-theft protection of the modules is completely passive and consists of two types of measures: - on the one hand, constructive and installation arrangements, - on the other hand, identification of all the modules with labels marked “Région Guyane”, placed on the very interior of the constituent “sandwich” of the module. The cost of the modules (ex works) is 7.8 ECU/Wp, and the panel structures and the internal wiring (ex works) have a price of little more than 1.3 ECU/Wp. 3. POWER CONDITIONING 3.1. Control strategy The state of charge of the battery is checked by monitoring of its voltage and is kept at between 30 and 100 % of the maximum charge. The charging current is modulated as function of the state of charge by the connection of a greater or lesser number of photovoltaic panels. To do that, 20 panels grouped in parallel in 5’s are connected sequentially to the battery, as required. The 21st panel is permanently connected, ensuring a certain amount
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 of floating. Connection or disconnection of the groups takes place when a threshold is crossed by the voltage of the battery. Power switching takes place by means of controlled atmosphere mercury relays. 3.2. Battery size and operation Storage consists of two batteries of 23 cells each, connected in parallel. Each battery has a capacity of 3510 Ah at C/10, giving approximately 4610 Ah at C/100. The cells are stationary lead/acid cells type HZT 26 “S” from Oldham. The two batteries were connected in parallel as from the very first charging and they are connected up so that the voltage drops in the link-up cables are exactly the same for each one of them. Overcharging of the battery is considered as a malfunction and the photovoltaic panel in this case is completely disconnected by the regulation system. Re-connection can then only be done manually. In the event of undercharge (1.9 V/cell), the retransmission facilities are stopped to allow the panel to recharge the battery until the voltage reaches 2.1 V/cell. Re-connection is then automatic. 3.3. Inverter An inverter has been installed to allow the occasional use of small hand tools or testing instruments (oscilloscope) at the time of maintenance intervention. It is a 1 kVA inverter (48 V d.c. input, 220 V, 50 Hz output) of PWM technology, making use of thyristors. In view of the fact that it is rarely in operation, reliability rather than efficiency was favoured at the time of selection. 4. DETAILS OF TDF’S EQUIPMENT 4.1. Television relay transmitters Their energy efficiency has been specially studied. They are powered directly by direct current at 48 V ±20%. - HP output power 100 W - K’ standard (K’4 reception, K’23 transmission) The following characteristics were measured on the appliances installed at Kaw Moutain: Input voltage (V) Consumed power (W) Radiated power (UHF) (W)
 
 38 1064 (−0.1 dB) 98
 
 48 1104 100
 
 58 1160 (−0.13 dB) 97
 
 To assure high relay transmitter reliability, it comprises 2 automatically switched basic relay transmitters with power 2×10 W. These operate a common amplifier made up of 2×50 W (UHF) amplifiers connected in parallel. Thus, in the event of failure of one of the “basic” relay transmitters, automatic switching brings the
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 stand-by unit into operation. In the event of breakdown of one of the two 50 W amplifiers, minimum service at half-power is assured.
 
 4. 2. FM radio relay transmitters These have a rated HF output power of 100 W at 24 V d.c. A 48/24 V d.c./d.c. transformer with efficiency 75% provides their power supply at a voltage of 24 V ±20%. The characteristics measured at the time of acceptance were as follows: Input voltage (V) Consumed power (W) Radiated power (UHF) (W)
 
 22 163.9 90
 
 24 168 100
 
 32 166.4 100
 
 5. MONITORING SCHEME 5.1. Parameters monitored The parameters, the values of which are recorded, are as follows: - global solar irradiation, thanks to a Kipp & Zonen CM 11 pyranometer, calibrated by the manufacturer, - solar irradiation in the plane of the modules, measured using a “standard cell”, made up of a cell of the same technology as those used for the modules and surrounded so as to have the same thermal behaviour as a cell of a current module, calibrated by Photowatt, - ambient temperature measured by a sheltered probe Pt-100, - junction temperature measured by a probe Pt-100, stuck underneath a module at right-angles to a central cell of a middle-of-array module, - solar energy supplied by the photovoltaic array, calculated by the data acquisition system from current coming from the array and its voltage, - energy crossing the battery, calculated from the positive or negative current crossing it and its voltage,
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 - energy used by the retransmission facilities, calculated using the measurement of the operating current and the voltage. 5.2. Data acquisition The parameters are measured every minute and their average is recorded every hour in the format compatible with that specified by the JRC of Ispra. The recording is compacted in EEPROM memories by means of an ADAS system, from the firm ELSYDE. The recording capacity of a memory cassette is longer than 4 months. A special reader allows the recording to be transcribed on a diskette in the JRC format. The cartridges are sent to Ispra every two months. Recording of data began on 30 March ’88. 6. EXPERIENCE GAINED DURING INSTALLATION AND COMMISSIONING The installation of a photovoltaic generator in such an isolated place presents major logistic difficulties and engineering design needs to be undertaken with the utmost of care. In a first stage, the transport of 25 tonnes of cement and necessary materials, then 130 m3 of modules, batteries, electrical cabinets and so on, by track and a trip on a pontoon to cross the river Comté, were very delicate operations. The same applied for supplying water to the worksite. Consequently, co-ordination of the various assembly and erection operations, in spite of the equatorial rain, difficulties in procurement…, was successful, for commissioning took place within the scheduled time and practically without any incident calling for repair or rework. Acceptance was undertaken by the Guyane Region, future proprietor, assisted technically by engineers from the Regional Industry and Research Directorate and the AFME (French Agency for Energy Management) . In fact, the problems that took longest to resolve as regards the project were administrative problems with the local authorities. As for technical problems, thanks to very careful preparation, a solution was very quickly found to all of them, in spite of the isolation of Kaw Mountain.
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 PHOTOVOLTAIC SUPPLY OF THE KAW MOUNTAIN RELAY TRANSMITTER CENTER (General view)
 
 297
 
 LIST OF PARTICIPANTS
 
 AUBERT, B. RENAULT AUTOMATION/SERI avenue du Vieil Etang 2 B.P. 19 F—78391 BOIS D’ARCY CEDEX Tel.: 331–1–3058–8682 AUBREE, M. Centre National d’Etudes des Télécommunications rue du Général Leclerc 38–40 F—92131 ISSY LES MOULINEAUX BASEVI, F. ITALSOLAR SpA Via A. d’Andrea 6 I—00048 NETTUNO (ROMA) Tel.: 06–9850246/7/8 BETZIOS, G. Public Power Corporation Navarinou Street 10 GR—10680 ATHENS Tel.: 3627069 BLAESSER, G. Centro Comune di Ricerca Ed. 45 I—21020 ISPRA (VA) Tel.: 39–332–789688 BONNEVIOT, H. TOTAL ENERGIE avenue Joannes Masset 24 F—69009 LYON Tel.: 33–78477272 BOPP, G. Fraunhofer Institut für Solare Energiesysteme
 
 LIST OF PARTICIPANTS
 
 Oltmannstrasse 22 D—7800 FREIBURG Tel.: 0049–761–4016439 CANDIL, A. GOMAR SOC. COOP. LTDA Carrera 17 E—ARCHIDONA (MALAGA) CLAVERIE, P. Le Club Alpin Français rue la Boétie 9 F—75008 PARIS Tel.: 62.93.77.71 COROLLER, P. Agence Française pour la Maîtrise de l’Energie Route des Lucioles F—06565 VALBONNE CEDEX Tel.: 93957900 CREWS, S. GOMAR SOC. COOP. LTDA Carrera 17 E—ARCHIDONA (MALAGA) DICHLER, A. Solapak Limited Factory Three, Cock Lane UK—HIGH WYCOMBE HP13 7DE Tel.: 44–494–452941 DUFRIEN La Grande Traversée des Alpes Françaises rue de la République 14 F—38019 GRENOBLE CEDEX FONZI, F. ITALENERGIE SpA Viale delia Repubblica 39 I—67039 SULMONA (AQ) Tel.: 0039–864–55744 or: 0039–6–88444028 or: 0039–6–853236 GILLETT, W.G. Sir William Halcrow & Partners Ltd. Burderop Park UK—SWINDON SN4 OQD Tel.: 0793–812479 GUERRY, J.
 
 299
 
 300
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 Ingénieur Conseil Allée de la Panissette 59 F—01500 AMBERIEU en BUGEY Tel.: 74.34.59.59 HACKER, R.J. Sir William Halcrow & Partners Ltd. Burderop Park UK—SWINDON SN4 OQD KADELLA, H. Siemens Solar GmbH Buchenallee 3 D—5060 BERGISCH-GLADBACH 1 KAUT, W. CEC. DG. XVIII—E 2 rue de la Loi 200 B—1049 BRUXELLES Tel.: 2–2353970 KREBS, K.-H. Centro Comune di Ricerca Ed. 44 I—21020 ISPRA (VA) Tel.: 39–332–789902 LORENZO, E. Instituto de Energia Solar ETSI Telecommunicacion Ciudad Universitaria E—28040 MADRID Tel.: 341–2441060 LOWALT, H.-J. AEG (Aktiengesellschaft) Industriestrasse 29 D—2000 WEDEL/HOLSTEIN MAASS, K. AEG (Aktiengesellschaft) Industriestrasse 29 D—2000 WEDEL/HOLSTEIN Tel.: 0049–4103–60–823 McCARTHY, S. National Microelectronics Research Centre University College Cork Lee Maltings Prospect Row IRL—CORK Tel.: 353–21–276871×2694 MACCIO, C.
 
 LIST OF PARTICIPANTS
 
 CESEN Via Pieragostini 50 I—16151 GENOVA Tel.: 010–4106–274 MARQUET, C. Bureau d’Etude APREN (Association pour la Recherche et les Etudes Nouv.) Le Bouloud/chez M.Goubier F—38610 ST. MARTIN D’URIAGE MENENDEZ, A.G. CIEMAT—IER av. Complutense 22 E—28040 MADRID Tel.: 3466360 PREVI, A. ENEL—CREL Via A.Volta 1 I—COLOGNO MONZESE (MI) Tel.: (02)88475255 REIS, M. CEC. DG. XII rue de la Loi 200 B—1049 BRUXELLES Tel.: 2–2362858 REPETO, A. ANSOLADO SpA Via Nicola Lorenzi 8 I—16152 GENOVA Tel.: 39–10–6556356 RIESCH, G. Centro Comune di Ricerca Ed. 45 I—21020 ISPRA (VA) Tel.: 39–332–789646 ROESSLER, E. Fraunhofer Institut für Solare Energiesysteme Oltmannstrasse 22 D—7800 FREIBURG Tel.: 0049–761–4016439 STARR, M. Gloucester Street 23 UK—FARINGDON, OXON. SN7 7JA Tel.: 0367–20686
 
 301
 
 302
 
 PHOTOVOLTAIC DEMONSTRATION PROJECTS
 
 WALDNER, P. Le Club Alpin Français rue la Boétie 9 F—75008 PARIS Tel.: Lyon: 78.42.09.17 WEIRICH, T. Stadtwerke Saarbrücken AG Postfach 408 D—6600 SAARBRUCKEN
 
 INDEX OF AUTHORS
 
 AUBERT, B., 78, 320, 329 AUBREE, M., 320 AVARITSIOTIS, J., 308
 
 MARQUET, C., 87, MARQUET, D., 320 MAASS, K.P., 134, 223
 
 BASEVI, F., 197, 245, 274 BETZIOS, G., 200, 206, 216 BLÄSSER, G., 65 BONNEVIOT, H., 285 BOPP, G., 142 BRICCA, E., 197, 245, 274
 
 ORSONI, M., 197, 245 PASTORINO, G., 158 PIDATELLA, S., 175 PREVI, A., 112 REPETTO, A., 175 ROESSLER, E., 151, 280
 
 CHADJIVASSILIADIS, J., 200, 206, 216, 236 COROLLER, P., 78
 
 SCHÄTZLE, R., 142 SCHMID, J., 142 SOLELEC, 189 STARR, M.R., 73
 
 DICHLER, A., 119 FONZI, F., 165, 262, 293 GUERRY, J., 95 GILLETT, W.B., 71
 
 TOGNONI, G., 274 TOUZOPOULOS, D., 316 TSANAKAS, D., 241
 
 HILL, M., 103 HULLMANN, H., 134
 
 VERGOS, G., 216
 
 KADELLA, H., 200, 236, 241, 316 KAUT, W., 54 KIEFER, K., 142 KOETHE, H.K., 151, 280 KRAUSEN, E., 182, 256 KREBS, K.-H., 232
 
 WALDNER, P., 95 WEIRICH, T., 128 WILLE, J., 216 WILLKOMM, W., 223 WOLFE, P.R., 119 WRIXON, G.T., 103
 
 LANTERI, C., 175 LOWALT, H.-J., 182, 206, 256 McCARTHY, S., 103 MACCIO, C., 158, 250 303
 
					    

		

            

	        	    
    		
    		    

    		    

    		

		    			
    
		
	    
		
		European Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		The Institutional Framework of the European Communities

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Reforming the European Commission (Palgrave Studies in European Union Politics)

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Seeing and Demonstration

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Handbook of Photovoltaic Science

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		European Union governance: effectiveness and legitimacy in European Commission committees

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Student_s Bedroom Demonstration

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Symposium on Automatic Demonstration

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Practical DWR 2 Projects

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		The Pericles Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		European Communities' Health and Safety Legislation

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Photovoltaic Systems Engineering

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Photovoltaic solar energy generation

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Sins of Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		Proceedings of the European Computing Conference 2

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		The Elysium Commission

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		The Commission In Lunacy

	    
	

	
	    Read more
	

    



		    			
    
		
	    
		
		The Pericles Commission

	    
	

	
	    Read more
	

    



		        	    
 
	            

	
	    
		
	    
            
                
                    Recommend Documents

                

		
		    						    
    
	
	    
	
    

    
	
	    
		European Commission	    
	
	
	    Lecture Notes in Computer Science Edited by G. Goos, J. Hartmanis and J. van Leeuwen

1815

 3

Berlin Heidelberg New Yo...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		The Institutional Framework of the European Communities	    
	
	
	    THE INSTITUTIONAL FRAMEWORK OF THE EUROPEAN COMMUNITIES

 THE INSTITUTIONAL FRAMEWORK OF THE EUROPEAN COMMUNITIES D.A.C...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Reforming the European Commission (Palgrave Studies in European Union Politics)	    
	
	
	    Palgrave Studies in European Union Politics Edited by: Michelle Egan, American University, USA, Neill Nugent, Mancheste...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Seeing and Demonstration	    
	
	
	    Seeing and Demonstration John Hawthorne; Mark Scala Philosophy and Phenomenological Research, Vol. 61, No. 1. (Jul., 200...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Handbook of Photovoltaic Science	    
	
	
	    Handbook of Photovoltaic Science and Engineering Edited by

Antonio Luque Instituto de Energ´ıa Solar, Universidad Polit...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		European Union governance: effectiveness and legitimacy in European Commission committees	    
	
	
	    European Union Governance

The European Commission has increasingly focused on the beneﬁts it can derive from the great...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Student_s Bedroom Demonstration	    
	
	
	    

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Symposium on Automatic Demonstration	    
	
	
	    

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		Practical DWR 2 Projects	    
	
	
	      CYAN   MAGENTA

  YELLOW   BLACK   PANTONE 123 C

EMPOWERING PRODUCTIVITY FOR THE JAVA™ DEVELOPER Author of Practical ...

	

    

    

    



						    
    
	
	    
	
    

    
	
	    
		The Pericles Commission	    
	
	
	    

	

    

    

    



					    		

            

        


    





    
	
	    
		
		    ×
		    Report "Photovoltaic Demonstration Projects 2 (Commission of the European Communities)"

		

		
		    
			Your name
			
		    

		    
			Email
			
		    

		    
			Reason
			-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint


		    

		    
			Description
			
		    

		    
			
			    

			

		    

		    
		

		
		    Close
		    Send
		

	    

	

    




	
	    
		Copyright © 2024 EPDF.PUB. All rights reserved.
		
		    About Us | 
		    Privacy Policy |  
		    Terms of Service |  
		    Copyright | 
		    DMCA | 
		    Contact Us | 
		    Cookie Policy 
		

	    

	    

	
	
	    
		
		    
			×
			Sign In

		    

		    
			
			    
				Email
				
			    

			    
				Password
				
			    

			    
				
				    
					
					 Remember me
				    
				    Forgot password?
				


			    

			    Sign In
			

		    

		

	    

	

	
	
	
	

	
	

	

	
	
	    Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & close
	

	
	
    