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SOLAR ENERGY TECHNOLOGY
MODUL  II
The present Module has been developed within the framework of the LEONARDO DA VINCI project SERVITEC (D/97/2/00655/PI/II.1.1.b/FPC). An Internet version of the module as well as further information about the SERVITEC project are freely accessible on the Internet at http://www.eduvinet.de/servitec/
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Function of a special layer storage with external heat exchangers















p. 52

Diagram 41:

Function of a special layer storage with external heat exchangers















p. 52

Diagram 42:

Function of a complete solar energy system of the Sandler company based on a










pipe layer storage system







































p. 53

Diagram 43:

Loading of the heating system zone (pipe layer storage system)

















p. 54

Diagram 44:
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1.
General developments in the solar energy technology

The first solar energy systems and devices came on the market in the middle of the seventies favoured by the ongoing oil crises. Many of these first systems still had some small technical problems. Also, the craftsmen who installed the devices had very little experience in dealing with the new technology. So, in many cases the systems and devices did not work as long as the manufacturers had promised. In addition, they very often did not produce the energy yields the buyers had expected. Quite frequently, the handicraft companies also had convinced their customers to buy the new technologies by giving them cost-benefit information which later on turned out to be wrong because the companies themselves were too inexperienced to advice their customers correctly. All these factors contributed to the fact that the solar energy technology never really managed to achieve a broad breakthrough in the customer acceptance and so it only existed in a small market niche for many years.

In the meantime over the last few years however, the environmental awareness in the society has increased considerably. In the first place this was caused by the quickly progressing degradation of our natural living conditions, e.g. by the ozone hole, CO2 emissions, the greenhouse effect, nuclear energy accidents, etc.. With these growing global environmental problems the readiness in the society had increased to change the own consumption behaviour. These developments have contributed to the fact that the customers do not make their purchase decisions in regard to the purchase of new energy technologies any longer exclusively based on economic reasons, i.e. a new energy technology can indeed be a little bit more expensive than a conventional one if it helps to protect the environment.

Another development which is also helping to accelerate the customers acceptance of new energy technologies is the technical progress occurring in this field. So e.g., the independent German "Testing Foundation" ("Stiftung Warentest") today certifies the reliability and quality of the solar technology components available on the market.

In this way, increased environmental awareness and technical progress have considerably contributed that since 1989 the installed solar collector area in Germany has grown from around 325000 m2 to 1,3 million m2 in the year 1995. Experts are expecting further growth with annual growth rates of 20% and more until the year 2000 and beyond.

In contrast to common opinion, the use of solar energy is possible in all of Europe independent from the geographical location. The annual sunshine duration in Europe is between 1500 and 2000 hours and the average global radiation is between 900 kWh/m2/year and 1200 kWh/m2/year - see also diagram 1 and diagram 2. Only some valley and foggy locations have unfavourable conditions for the use of solar energy installations. A correct planning of systems that are especially adapted to those conditions (e.g. by using bigger collectors) can make the use of solar energy possible even in these areas.

Diagram 1: Average global radiation in Europe
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English translation of technical terms and sentences in diagram1:

Einstrahlung kWh/m2 = Radiation in kWh/m2
Globalstrahlung = Global radiation

Himmelsstrahlung = Sky radiation

Jan.,..., Dez. = January,..., December

Diagram 2: Average sunshine duration in Germany
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English translation of technical terms and sentences in diagram 2:

Stunden pro Jahr = Hours per year

2.
The initial and continuing training of service technicians in solar energy technology

The increased customer demand for environment protecting energy technologies, especially for solar energy technology, makes it compellingly necessary to adapt the initial and continuing training in the solar, heating and air-conditioning sector to the new requirements. Very often the entrepreneur or company owner was exclusively responsible for the customer advisory, sales and planning of solar energy installations, particularly in small and medium sized companies. The reason for this was primarily that the service technicians or skilled workers of the respective companies simply did not have the technical knowledge or did not receive the corresponding continuing training to also be able to do these jobs. The currently occurring rapid changes of the basic economic conditions in the sector however, make it urgently necessary that especially the service technicians are being trained appropriately. So, they not only have to be able to install and maintain new technologies but in the near future they also should be able to secure valuable additional orders for their company through competent customer advisory at their work place or in the customer's home.

For these reasons the highest goal of the continuing training measures of this project is to provide the service technicians with all the knowledge and skills they need in order to being able to completely process a customer order on their own.

In general terms, the processing of a solar energy technology order includes the following steps:

· Make the customer aware of the company's range of solar energy technology products and services.

· Advise the customer thoroughly.

· This can either be done in the company if the customer visits e.g. the company's product exhibition rooms or in the home of the customer if e.g. the service technician has to carry out a service repair job there.

· For a competent customer advisory above all special technical knowledge is required but also one has to know and has to be able to tell the customer how emission reductions of harmful substances can be achieved with the new technology. Also, one has to be able to compare the efficiency of solar energy technology with the one of other energy producing technologies.

· After the customer has made an order, information materials about different systems and devices have to be gathered from different manufacturers and suppliers.

· With the help of particular check lists project specific data is collected at the location where the systems and devices have to be installed.

· Special computer simulation programmes are being used to e.g. select the right collector type for the project, to select the right size of storage tanks and pumps and to select the suitable regulator units and pipes. With such simulation programmes also the so called "solar coverage rate" as well as the achievable emission reductions can be determined. This information is not only important from a technical point of view but also can be used to support the own argumentation in a customer advisory conversation.

· Based on the collected project data and on the results of the computer simulations the whole installation is being designed in co-operation with the customer using components from different manufacturers.

· It follows the assembly and installation of the system or device. Then everything is put into operation. Afterwards, the installations have to be checked and maintained at a regular basis.

All these points will at least briefly be discussed in the following text. The most important points will be discussed more in detail.

3.
General technical prerequisites for a practice-oriented teaching and training of the solar energy technology topic

In order to make the service technicians the solar energy technology topic as clear as possible the teaching lessons should be as practice-oriented as possible. Only the practical demonstration of collectors, solar regulators and different types of storage systems that have to be assembled first and then checked through the collection of measurement data, make a deeper understanding of the function of solar energy installations with all its components possible. In addition, the practical handling of the different system components makes it possible to examine and to compare their individual efficiency.

So, if possible the below named experimental training installations should be available at the own training location or centre. In this way, it can also be avoided that installations at outside locations (e.g. company exhibition installations or customer installations) will have to be used for training purposes. The training installations should be set up as modular systems so that the different collector types with their corresponding hydraulic storage circuits, the different storage system types as well as the electronic wiring of the different regulator units and their function can be studied. For the collection of measurement data ZEBA (a partner company of this project) offers the necessary modular measuring instruments.

Using the mobile measuring instrument ZEBA-Logic or the ultrasonic measuring instrument Digiflo measurements can be performed also outside of the own training installations if this should be necessary (e.g. by using company exhibition installations or customer installations). This will especially be the case if it should prove to be too expensive to set up an own solar energy technology training centre or installations. Wherever own solar training installations can financially be realised they should be realised since experience has shown that training course participants or students can study the many different system components much better at own internal training installations than outside.

The following installations should be available for a general experimental training installation setup in regard to the solar energy technology topic:

· Three different types of flat plate collectors with measuring connecting pieces and measuring points

· Four different kinds of tube collectors with settings for the taking of measurements

· Two different kinds of storage collectors with measuring units

· Four different types of storage tanks that function in different ways

· One special layer storage system with regulator circuits

· One latent heat storage system for the optimal use of the energy output

· Hydraulic circuits for "high-flow" and "low-flow". Different regulation units, starting from the simple two point regulator up to building control technology with building monitoring and remote servicing

· Different measuring installations if possible also including a weather station

· Test setup for electronic circuits and a sensing element installation simulation for solar energy systems

· Video camera for the recording of customer advisory and sales conversations in regard to the use of solar energy installations

An important part of solar energy installations represent the storage technology and the control and regulation technology. So e.g., in order to be able to chose the right type of collector for the requirements of the customer one needs to have a good knowledge of storage technology since the collector type and the storage system have to fit to each other and have to be optimised for each other in order to produce the desired maximum energy output. Very closely related to the storage technology are the technology of pumps and the control and sensing technology as well as technology of hydraulic circuits. In all these fields one has to have very good knowledge as well in order to be able to plan, build and install a complete solar energy system for the customer. The probability of making mistakes during the planning and the installation of a solar energy device that can cause it to malfunction or can cause it not to function at all is very high. So e.g., pump outputs can be programmed too high, sensing elements and outlet vents can be installed incorrectly and control units or regulators can be adjusted wrongly, etc..

In order to make the service technicians the technical interdependencies as well as the different assembly steps as clear as possible, also the training lessons in storage technology and in regulation and control technology should be as practice-oriented as possible. If one gives the students the opportunity to make measurements with real system components and assemble components on their own they usually develop a better understanding as to how to avoid mistakes. Also, the strength and weaknesses of different storage systems can clearly be recognised and so a better customer advisory is possible.

For these reasons, the following experimental training installations should be available for training lessons about storage systems and regulation technology used for water heating:

· Hot water heater with wrapping (storage in storage) including heat exchanger located inside (heat exchanger for the heating circulation system and heat exchanger for the solar circulation system)

· Storage collector

· Storage with layer loading device

· Storage with heat exchanger located at the outside and with layer loading aids

· Storage with performance regulator (hydraulic)

· Kit for "high- flow" and "low- flow" with measuring unit

· Storage with electronic performance regulation, flow control and flowmeter (layer storage)

· Buffer storage for the support of the heating system

· Latent heat storage 

· Different regulators with sensing elements

· Experimental setup of a regulator PC simulation (ZEBA-RE-SIM)

· PC simulation programme for the selection of pumps (220 Volt / 12 /24 Volt)

· Different hydraulic circuits with measuring units

· Computer simulation programme F-Chart

· Market review of an energy technology advisory centre

4.
Order planning:
The most important actions service technicians should be able

to take in this regard

Like it has already been mentioned the overall goal of the continuing training measures of this project consists in providing the service technicians with all the knowledge they need in order to be able to completely handle an entire order process on their own. A good way to train all the many different steps that are part of such an order execution process is to split the class into small groups and give each group an assignment in the form of a fictitious customer order, e.g. the planning and realisation of a solar energy installation for a family with four members. 

First of all, the service technicians now have to collect in their companies, i.e. under real conditions, as many data as possible for the execution of this fictitious order. In this way, they also learn to judge if at all and in which time such an order can be realised. Special emphasis should be put on the fact that the students work with original manufacturer information and product documentation.

Below one finds a list with actions the service technicians should be able to take in order to prepare the realisation of a customer project or order:

· Order manufacturer documentation for solar collectors

· Order solar control units or regulators from different manufacturers

· Write and send requests for information to different storage manufacturers

· Get different hydraulic circuit diagrams from the manufacturers

· Request advice from different solar energy advisory organisations

· Request the special edition magazine "solar energy technology" of the German "Goods Testing Foundation" (Stiftung Warentest)

· Explore the possibilities of public financial support programmes for the use of new energy technologies

· Collect product documentation about achievable emission reductions and compare them with the results of the own calculations and PC simulations

· Compare different types of collector designs

· Request information materials from the German Weather Service about sunshine duration and global radiation

· Design a planning data sheet for the collection of project specific data for a family with four members

· Put together device components according to manufacturer manuals and guidelines

· Assemble model devices using the prepared components

· Get technical advice directly from the collector manufacturers

· Determine the fuel, oil or gas quantities that can be saved by using solar energy technology

· Install and be able to handle measuring units and instruments

· Determine temperatures and throughput rates in order to compare the efficiency of the collector with manufacturer data and specifications

· Keep measuring protocols

· Request product documentation from pump manufacturers for the planning of the characteristics of pumps and pipes

· Compare the measuring results of the different collectors

· Get assembly guidelines from the different collector manufacturers including installation requirements for in-roof and on-roof assembly

· Get information about the lightning protection of solar energy installations from an electrician

· Make a check list for the installation of solar energy systems and devices

The following diagrams 3 and 4 show planning data sheets that are used for the collection of project specific data at the location where the devices and systems are going to be installed:

Diagram 3: Planning data sheet for the collection of data for a solar energy project
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English translation of technical terms and sentences in diagram 3:

Planungsdatenblatt für Erstellung einer 









Planning data sheet for the collection of

Solaranlage -Datenerhebung des Objekts




=



data for a solar energy project

Name, Vorname:






















=



Last name, first name

Straße, Haus-Nr.:






















=



Street, house number

PLZ, Ort:



























=



ZIP code, city

Objektanschrift:























=



Direction of the location where the system is

going to be installed

Bearbeiter:


























=



Person in charge of the data collection

Nutzung der Solaranlage für













=



Use of the solar energy installation for

Brauchwassererwärmung

















=



Water heating

Brauchwassererwärmung + Raumheizung






=



Water heating + room heating

Schwimmbeckenerwärmung















=



Swimming pool water heating

Brauch- und Schwimmbeckenwassererwärmung


=



Water heating and swimming pool water

heating

Warmwasserbedarf/Wohnbereich









=



Warm water consumption/living space

Persohnenzahl
























=



Number of people

Warmwasserbedarf (45°C) geschätzt je Tag





=



Estimated warm water (45°C) consumption 

und Person einschließlich Verluste















per day and person including losses

niedrig 35L, mittel 50L, hoch 80L















low 35 litres, medium 50 litres, high 80

litres

Warmwasserbedarf gewerblich











=



Warm water consumption for business

purposes

Verwendungszweck




















=



Purpose of use

Bedarf L/Tag
























=



Consumption in litres per day

Temperatur °C
























=



Temperature in °C

Raumheizung
























=



Room heating

Nur empfehlenswert bei Flächenheizungen





=



Only recommendable with area heaters or

oder sehr geringen Rücklauftemperaturen










very low return flow temperatures

zu beheizende Wohnfläche m2














=



To be heated living space in m2
Heizungsrücklauftemperatur °C












=



Heating system return flow temperature in°C

Wärmebedarf w/m2





















=



Heat consumption in w/m2
Projekt




























=



Project

Einfamilienhaus























=



Single family house

Mehrfamilienhaus, Wohnungen













=



Multiple family house, apartments

geplant, im Bau, Altbau


















=



Planned, under construction, old building

Vorhandene Anlage



















=



Existing systems and devices

Brauchwasserspeicher



















=



Water storage tank

ja, Inhalt L, nein























=



Yes, volume in litres, no

Öl, Gas, Elektro, Zentral

















=



Oil, gas, electro, central

Fabrikat, Typ, Baujahr


















=



Brand, type, manufacturing year

Standspeicher, im Kessel

















=



Standing storage, in the boiler

Pufferspeicher, ja, nein


















=



Buffer storage, yes, no

Größe L, Fabrikat





















=



Volume in litres, brand

Schwimmbadheizung


















=



Swimming pool heating system

Freibad




























=



Outdoor swimming pool

freie Lage, geschützte Lage















=



Unsheltered location, sheltered location

Hallenbad



























=



Indoor swimming pool

Abdeckung vorhanden, ja, nein













=



Covering existing, yes, no

Beckengröße

























=



Size of the pool

Länge m, Breite m, Tiefe m















=



Length in metres, width in m, depth in m

Nutzungszeitraum





















=



Period of time in use

Mai-August

























=



May-August

April-September






















=



April-September

ganzjährig (Hallenbad)


















=



Full year (indoor swimming pool)

gewünschte Wassertemperatur °C











=



Desired water temperature in °C

Badewasserheizung vorhanden, ja, nein







=



Bath water heating system existing, yes, no

Diagram 4: Planning data sheet for the collection of local structural data for the installation of solar collectors
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English translation of technical terms and sentences in diagram 4:

Planungsdatenblatt für die Aufnahme von

=


Planning data sheet for the collection of local 

baulichen Voraussetzungen















structural data for the installation of

solar collectors

- Anordnung der Kollektoren












=


Collector arrangement

- Ausrichtung der Kollektoren











=


Collector orientation

Bauliche Voraussetzungen













=


Installation conditions

Nutzbare Dachfläche, Länge m, Breite m




=


Useable roof area, length in metres, width in m

Neigungswinkel ( °


















=


Inclination angle ( in °

Ziegeldach, Typ





















=


Tiled roof, type

Anordnung der Kollektoren












=


Collector arrangement

Indachmontage (auf die Lattung)










=


In-roof installation (on the roof battans)

Aufdachmontage (oberhalb der Ziegel)






=


On-roof installation (on top of the tiles)

Flachdach

























=


Flat roof

an der Hauswand




















=


On the exterior walls of the house

Balkonbrüstung





















=


Balcony balustrade

auf den Boden






















=


On the floor

Sonstige Anordnung


















=


Other arrangements

Werden die Kolektoren beschattet ?








=


Does shadow fall on the collectors from (e.g.

(Baum, Nachbarhaus, etc.), ja, nein











trees, houses of the neighbours, etc..), yes, no

in den Monaten
























in the months of

von (Uhrzeit) bis























from (time) to

Entfernung
























=


Distance

zwischen Kollektor und Speicher













between the collector and the storage system

(Leitungslänge) m






















(length of pipes) in metres

Sind bereits Rohrleitungen vorhanden ?



=


Are there already existing pipes ?

Nur empfehlenswert bei Flächenheizungen



=


Only recommendable in case of area heating

oder sehr geringen Rücklauftemperaturen







systems or very low return flow temperatures

ja, nein, Cu, Stahl




















=


Yes, no, copper, steel

Durchmesser, Isolierung















=


Diameter, insulation

Vorhandene Anlage

















=


Existing systems or devices

Ost, Süd, West, Süd/Ost, Süd/West








=


East, South, West, South-East, South-West

Zeichnen Sie mit einem Pfeil die Himmels-



=


Draw in the direction of the collector

richtung der Kollektorausrichtung ein








 

orientation with an arrow

Beispiel


























=


Example

5.
Some facts in regard to the protection of the environment and the economic efficiency of solar energy

The possibility to save energy using new solar technology and also the possibility to contribute to a reduction of the CO2 emission represent important supporting arguments in every customer advisory conversation. To have basic knowledge in these areas can furthermore be considered as an important prerequisite in order to be able to plan devices and systems that correspond to the needs of the customers. For these reasons, economic efficiency as well as environmental protection considerations and comparisons should form an integral part of the continuing training programme.

Each citizen in Germany e.g., is polluting the environment with an annual CO2 emission of 1,5 tons through his energy consumption. In an average household in Germany about 75% of the energy consumed is used for room heating, another 13% is used for the heating of water. Diagram 5 shows the division of the energy utilisation in detail.

Diagram 5: Energy utilisation in an average household in Germany
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English translation of technical terms and sentences in diagram 5:

Licht








=


Light

Backen







=


Cooking and baking

Elektrogeräte


=


Electronic devices

Warmwasser



=


Warm water

Raumheizung


=


Room heating

With a modern solar energy installation up to 65% of the energy needed for the heating of water in an average household in Germany and up to 80% of the energy needed for the heating of water in an average household in Southern Europe can be produced. The remaining demand has to be covered by an additional heating system. Diagram 6 shows this relation.

Diagram 6: Attainable solar energy share in regard to the heating of water in an average household in Germany
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English translation of technical terms and sentences in diagram 6:

Nachheizung


=


Additional heating system

Solaranteil



=


Solar energy share

A very good tool that helps to visualise the service technicians important interdependencies in regard to the possibilities to save energy and to reduce the CO2 emission through the use of solar energy technology, are computer simulation programmes like "F-Chart". Comparable computer simulation programmes are also used in the collector, storage, and control and regulation technology (s. corresponding chapters).

Diagram 7 was e.g. created with such a simulation programme and shows the "average monthly solar coverage rate" of a solar energy installation used for water heating purposes in Germany over a one year observation period. The "solar coverage rate" indicates that in the summer months June and July the complete water heating for an average household in Germany can be done with a solar energy installation. During the winter months however, substantial additional heating must be done using other energy sources. Diagram 8 shows the energy savings and emission reductions which can be achieved with a solar energy installation for water heating purposes in Germany.

Diagram 7: Average solar coverage rate of a solar installation used for water heating in Germany
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English translation of technical terms and sentences in diagram 7:
Solare Brauchwasserbereitung



=


Water heating with solar energy

Solare Deckungsrate









=


Solar coverage rate

Jan.,..., Dez.















=


January,..., December

Energiedaten














=


Energy data

Solarstrahlung














=


Solar radiation

Wärmebedarf














=


Energy need

Zusatzenergie














=


Additional energy

Sonnenenergie














=


Solar energy

Wirkungsgrad














=


Efficiency coefficient

Deckungsrate














=


Coverage rate

Monat



















=


Month

Januar,..., Dezember










=


January,...., December

Jahr





















=


Year

Diese Werte sind Mittelwerte




=


These values are mean

über einen Zeitraum von 










values determined

mehreren Jahren
















over a period of several years

Diagram 8: Achievable energy savings and emission reductions using a solar installation in Germany
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English translation of technical terms and sentences in diagram 8:

Solare Brauchwasserbereitung







=


Water heating with solar energy

Schadstoff-Emissionen











=


Emission of harmful substances

Andere























=


Other

Pro Jahr






















=


Per year

Staub
























=


Dust

Ohne Solaranlage
















=


Without solar energy system

Mit Solaranlage

















=


With solar energy system

Energie- und Emissionseinsparung



=


Energy savings and emission reductions

Energie






















=


Energy

Heizöl























=


Fuel

Kohlendioxid



















=


Carbon dioxide

Schwefeldioxid

















=


Sulphur dioxide

Stickoxide




















=


Nitrogen oxide

Kohlenmonoxid

















=


Carbon monoxide

Monat























=


Month

Januar,....,Dezember














=


January,..., December

Diese Werte sind Mittelwerte über





=


These values are mean values determined

einen Zeitraum von mehreren Jahren






over a period of several years

Diagram 9 shows the emission reductions which can be achieved with a solar energy installation designed for a family with 3 members. It can be seen that the purchase price of the installation is amortising over period of 15 years through the savings that can be made because less electricity is needed.

The calculation presented in diagram 9 is based on a system consisting of a flat plate collector or storage collector including a storage tank (~300 litres) as well as corresponding components and raw materials (without assembly costs). An electricity tariff of 0,34 DM/kWh was assumed which included the fixed basic price and the value added tax.

Over a period of 20 years the following is drawn in into the diagram:

· Purchase price

· CO2-reduction (( green house effect)

· Energy savings

· Emission reduction of combustion-acid (( dying forests and acid rain)

Diagram 9: Ecological and economical comparison of a solar energy system designed for a family with 3 members in Germany over a period of 20 years
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English translation of technical terms and sentences in diagram 9:

Anschaffungskosten in DM













=


Purchase price in DM

Kostenminderung in DM pro Jahr bei Strom


=


Electricity cost savings in DM per year

CO2 Minderung in Kg bei Heizöl-EL







=


CO2 reduction in Kg if fuel had to be used

Säureminderung in Liter bei Heizöl-EL






=


Combustion acid reduction if fuel had to be used

Diagram 10 shows the attainable coverage rate of a 10 m2 solar energy installation (with 120 m2 of living space in the home) as a function of the state of the building structure (partly expressed using the abbreviations of the corresponding building or construction regulations). Information of this kind is important for the planning and dimensioning of solar energy installations used for water heating or heating system support. It can clearly be seen in the diagram that the coverage rate of a solar energy installation is getting bigger and bigger the more energy saving buildings are designed in general.

Diagram 10: Solar coverage rate of a 10 m2 solar energy installation (with 120 m2 living space in the home) as a function of the state of the building structure
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English translation of technical terms and sentences in diagram 10:

Deckungsanteil einer 10 m2 Solaranlage



=


Coverage rate of a 10 m2 solar energy installation

(bei 120 m2 Wohnfläche)
















(with a living space of 120 m2)

Solarer Deckungsanteil (%)











=


Solar coverage rate (%)

Bestand
























=


Older buildings

WSch VO 1984



















=


Building or construction regulation of 1984

WSch VO 1995



















=


Building or construction regulation of 1995

ES VO 1999 (NEH)
















=


Building or construction regulation of 1999

Passivhäuser





















=


Passive energy houses

The following diagram 11 shows the energy needs (warm water and heating) of residential buildings in KWh/m2/year that were constructed according to different building or construction regulations (again partly expressed using the corresponding abbreviations). Also in this diagram one can clearly see that lesser and lesser energy is needed the more recent the building or construction regulations are. The lowest energy needs have the only very recently developed so called "zero energy" or "passive energy houses". Furthermore, it is remarkable that the energy need for room heating decreases more than proportional which speaks for the use of solar energy since above all solar energy can be used very well for the heating of water.

Diagram 11: Energy needs (warm water and heating) of residential buildings in KWh/m2/year as a function of the building or construction regulations
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English translation of technical terms and sentences in diagram 11:

Energiebedarf von Wohnhäusern




=



Energy needs of residential buildings

Energiebedarf kWh/m2 pro Jahr




=



Energy need in kWh/m2 per year

Bestand




















=



Older buildings

WSch VO 1984















=



Building or construction regulation of 1984

WSch VO 1995















=



Building or construction regulation of 1985

ES VO 1999 (NEH)












=



Building or construction regulation of 1999

Passivhäuser

















=



Passive energy houses

Warmwasser

















=



Warm water

Heizung




















=



Heating

Diagram 12 and 13 show examples for advertising letters that can be sent to the customers. In these letters, the customers are being informed about the discussed ecological and economic advantages of solar energy systems as well as about the currently existing public financial support programmes for solar energy technology use.
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Diagram 12: Example for an advertising letter for customers promoting the advantages of solar energy technology use

Translation of technical terms and phrases in diagram 12:

"Tax refund" through the sun ?

Dear Sirs:

we invite you to frequently sunbathe in your bathtub - for free - financed by the sun and the state. Use the public financial support programmes available for solar energy systems as kind of a "tax refund". The only condition for all this is your investment in the sun.

The media almost every day is featuring stories about the use of solar energy. Many developments have occurred recently and one can indeed now claim that the solar energy technology has left the childhood age and has grown up. New highly efficient collectors are the best proof for this.

Now, it is "high noon" for applying for the financial support the Federal Office for Economic Affairs (German: Bundesamt für Wirtschaft - BAW) has granted for solar energy systems that are going to be installed in the years 1997 and 1998. For this reason, we recommend our customers not to hesitate and to submit an application for financial support even if they don not plan to immediately purchase a system.

It does not happen very often that one can "kill three birds with one stone". If you decide to invest in the sun instead of depositing all your money in the bank you will be able to achieve a multiple benefit:

1. Solar energy yields that pay out in German Mark and Pfennigs

2. Your very personal contribution to the protection of the environment by reducing the CO2 emission

3. Your conventional boiler will have considerably less work to do

We would be very happy to provide you with more information about all this. The roof of your home can certainly also be used for a solar energy installation. Please do not hesitate to contact us and request a price quote. We would also be very pleased to inform you in a customer advisory conversation about all the currently available public financial support programmes

With kind regards

Diagram 13: Example for an advertising letter for customers promoting the advantages of solar energy technology use
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Translation of technical terms and phrases in diagram 13:

"Comparison of benefits"

Who does not want to get as much out of his money as possible ?

If you want more than money and interest income then do not hesitate to contact us !

We make more out of your money: With an investment into a solar energy system you do not only save expensive energy but also help to actively protect the environment. And you can help a lot: Already with a 5 m2 collector area you can reduce the emission of environmentally harmful substances of your household by 1,2 tons per year. On the other hand you can save about DM 500,- in water heating costs.

Capital investment of DM 10000,- at an interest rate of 4%*) = DM 400,- of interest income/year
*)=estimated interest rate

Solar energy system costing DM 10000,- = DM 500,-*) of energy cost savings per year (2500 x 20 Pfennigs

*)=system with 5 m2 collector area, solar storage system with 300 litres of storage volume, accessories and average installation costs

Prices excluding possible support from financial support programmes and value added tax !

The calculation works:











=



DM 100,- additional financial benefits





























=



25% improvement of financial benefits
Your benefit calculation could also look like this. Including the financial support from the various existing support programmes the numbers would look even better.

What are you waiting for ? The sun is shining for free and for all. Also for you ! So, we invite you to try out to sunbathe in your bathtub and allow your conventional heating system to take a break for the big part of the year.

Feel free to contact us. We would be very pleased to give you any advice you need and we also can explain you how to apply for financial support and help you to fill out the corresponding application forms.

With kind regards,

Diagram 14 shows the proportional costs of a solar energy installation as a function of the collector area. Data like this provides the service technicians with important information he needs in order to calculate the prices and costs of the devices and systems offered by his company.

Diagram 14: Division of the proportional costs of a solar energy installation as a function of the collector area
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English translation of technical terms and sentences in diagram 14:

Planung



























=



Planning

Montage und Inbetriebnahme













=



Installation and putting into service

Regelung


























=



Regulation and control

Verrohrung

























=



Pipes

Speicher und Wärmeübertrager












=



Storage system and heat exchangers

Aufständerung























=



Mounting of storage system

Kollektormontage




















=



Collector installation

Kollektoren

























=



Collectors

Spezifische Kosten in DM/m2 Kollektorfläche


=



Specific costs in DM/m2 of collector area

6.
Collector technology

Service technicians should have a very good technical knowledge of the different collector types available on the market. They should know how all these different collector types function as well as what their possibilities of use are. Only equipped with this knowledge they can decide which systems and devices fit the customer's needs best and which cost-benefit calculations have to be done. For this reason, collector technology in general as well as the most important collector types are going to be discussed in detail in the following.

Absorber collectors

The simplest and most affordable collectors are absorber collectors without cover (also simply called "absorbers"). Their performance depends very strongly on the outside temperature. With high outside temperatures in the summer they have a high efficiency. This high efficiency however is rapidly decreasing with sinking outside temperatures since absorber collectors are not insulated against low outside temperatures. Absorbers reach work temperatures that e.g. re sufficient for the heating of water for outdoor swimming pools during the bathing season, even in Northern European climatic zones. Absorber collectors are made exclusively of synthetic materials so that the water they are heating can best flow through. Usually absorbers are supplied in the form of mats, tapes or hoses lying next to each other. These collector forms make it relatively easy to cover large areas with them. Temperatures needed for the heating of drinking water or for the support of room heating systems can not be achieved with absorber collectors. So, their area of application is primarily limited to this use as swimming pool water heaters. For these purposes collectors with front cover and insulation are required. Diagram 15 shows the function of a swimming pool absorber collector.

Diagram 15: Function of a swimming pool absorber collector

[image: image32.jpg]



English translation of technical terms and sentences in diagram 15:

Absorber












=


Absorber collector

Steuerung












=


Regulation and control unit

Filter















=


Filter

Pumpe














=


Pump

Schwimmbadabdeckung


=


Swimming pool cover

Schwimmbecken







=


Swimming pool

Flat plate collectors

The function of flat plate collectors is relatively easy. The sunbeams (direct and diffuse) pass a transparent collector cover and are then absorbed by an energy absorber. Such absorbers generally consist of specially coated tubes. At the surface of the absorber the radiation of the sun is converted into heat and is transmitted by the absorber to a heat carrier liquid which is flowing through the absorber pipes. The heat insulation at the bottom and at the sides of the these collectors as well as the transparent cover on the collector front prevent heat losses. Nevertheless, some heat losses always occur. These losses are primarily caused by:

· Convection (air movement)

· Heat/Thermal conduction

· Heat/Thermal radiation

Today special, highly transparent glass, partly pressurised (i.e. security glass) is used as front cover material. The absorber coatings differ in their effectiveness to convert the radiation into heat - the so called "selectivity". Varnish coatings have average absorption rates of 90-95% and emission rates of 80-90%. Selective coatings have average absorption rates of 90-94% and very small emission rates of only 6-15%. Highly effective absorber coatings increase the effectiveness of the collectors, particularly during periods with little sunshine. So, they are very important for the total performance of the whole system. As heat insulation materials on the rear side of the collector polyurethane hard foam, mineral wool or air vacuums are being used. Diagrams 16 and 17 show the function of a flat plate collector.

Diagram 16:
Sectional view of a flat plate collector





Diagram 17:
Energy flow in a flat plate collector
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English translation of technical terms and sentences in diagram 17:

Solare Einstrahlung (direkt, diffus)








=



Solar radiation (direct, diffuse)

Konvektive Verluste


















=



Convection losses

Reflexionsverluste (Abdeckung, Absorber)



=



Reflection losses

Solarer Gewinn





















=



Solar energy gain

Eigenabstrahlung (Abdeckung, Absorber)




=



Own emission (cover, absorber)

Leitungsverluste





















=



Conduction losses

Vacuum flat plate collectors

These kinds of flat plate collectors have a vacuum inside. In the pressure reduced vacuum there are fewer air molecules that could transport heat to the outside by convection or conduction which would then be lost. Thus the vacuum has a heat damming function and so these collectors need less rear side insulation. However, one frequent problem with almost all vacuum flat plate collector designs was that they were easily leaking and the air that had penetrated into the collector had to be removed with special vacuum pumps again. For this reason, vacuum flat plate collectors have almost completely disappeared from the market today. They have been replaced by flat plate collectors with noble gas fillings.

Vacuum tube collectors

Vacuum tube collectors function in a similar way as vacuum flat plate collectors with the main difference that selectively coated vacuum tubes are used as absorbers. Furthermore, inside the absorber is a so called "heat pipe". When the vacuum tube (the absorber) is heated up by the radiation energy of the sun a so called "cooling liquid" that is inside the heat pipe of the vacuum tube evaporates, moves up and transfers the heat over a heat exchanger (condenser) to a heat carrying liquid. Afterwards, the cooling liquid condenses and moves down again in the heat pipe in order to absorb new solar heat. The heat that was transferred to the heat carrying liquid is then directly supplied to the consumer just as in other collector types too. The cooling liquids used today do not contain any "FCKW" anymore for environmental reasons and instead mostly now consist of a water-glycol mixture. Diagram 18 and 19 show vacuum tube collectors with a so called "dry integration", i.e. the tubes that are part of the system can be individually replaced without having to empty the whole system first. Furthermore, the absorber surfaces can also be individually adjusted.

Diagram 18:
Function of a vacuum tube collector with "dry integration"
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English translation of technical terms and sentences in diagram 18:

Wärmeaustauschrohr








=



Heat exchanger pipe

Wärmeträgerflüssigkeit







=



Heat carrying liquid

Wärmedämmung











=



Heat insulation

Kondensator














=



Condenser

Kollektorgehäuse











=



Collector box/case

Wärmeeinstrahlung










=



Heat/solar radiation

Senkfühler















=



Dip-in sensing element

Glasröhre
















=



Glass tube

Füllung Wärmerohr









=



Filling of the heat pipe

Absorber selektiv beschichtet



=



Absorber with selective coating

Wärmerohr -Querschnitt






=



Heat pipe cross-section
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Diagram 19:
Function of a vacuum tube collector with "dry integration"

English translation of technical terms and sentences in diagram 19:

Wärmedämmung
















=



Heat insulation

Sammler






















=



Collector

Kondensator aus Kupfer











=



Condenser made of copper

Absorber mit selektiver Beschichtung



=



Absorber with selective coating

Heat pipe aus Kupfer mit Wärmeträger-

=



Heat pipe made of copper with water as

medium Wasser





















the heat carrying medium 

There are also vacuum tube collectors with so called "wet integration" where the heat carrying liquid directly flows around the heat pipes of the vacuum tubes. A disadvantage of such collector systems with "wet integration" is that if one ones to replace individual tubes the whole system first has to be put out of operation, then has to be completely emptied and after the replacement was done has to be put into operation again. An advantage these collectors do have in contrast to collectors with "dry integration" is that they can be installed horizontally, diagonally or vertically. Diagram 20 and diagram 21 show vacuum tube collectors with "wet integration".

Diagram 20:
Scheme of a vacuum tube collector







Diagram 21:
Sectional view of a vacuum tube collector

with "wet integration"























with "wet integration"
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English translation of technical terms and sentences in diagram 20:

Vorlauf/Rücklauf



=



Fore flow / return flow

Glasröhren







=



Glass tubes

Absorber








=



Absorber

CPC (Compound Parabolic Concentrator) - "Sydney collector"

A further type of vacuum tube collector is the so called "Sydney collector", also known as CPC (Compound Parabolic Concentrator). The Sydney collector is more or less based on the principle of a thermal can. So, it consists of a vacuum tube, a CPC-mirror and heat pipes for the fore flow and return flow of heat carrying liquids. The CPC-mirror is used to direct the sunbeams in a more concentrated way to the absorber and thus improving the energy yield even more. Diagrams 22 and 23 show the function of a CPC collector again graphically.

Diagram 22: Function of a CPC collector
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English translation of technical terms and sentences in diagram 22:

Konzentrierte Sonnenenergie durch









=



Concentrated solar energy through the high

Hochleistungsvakuumröhre CPC16













performance vacuum tube CPC16

Sonnenstrahlen






















=



Sun beams

Äußeres Glasrohr





















=



Exterior glass tube

Wärmeträgermedium in Kupferleitung







=



Heat carrying medium/liquid in copper pipe

Aluminium-Profilrohr zur bestmöglichen






=



Aluminium pipe for the best possible heat 

Energieübertragung























transmission

Isolierender Vakuumbereich














=



Insulated vacuum area

Hochselektiv beschichtetes inneres Glasrohr



=



Highly-selectively coated interior glass tube

Hochreflektierender CPC-Spiegel










=



Highly reflecting CPC-mirror

Schnittbild einer Hochleistungsvakuumröhre



=



Sectional view of a high performance vacuum

mit CPC-Spiegel

























tube with CPC-mirror

Diagram 23: Design and function of a CPC vacuum tube collector
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English translation of technical terms and sentences in diagram 23:

Konzentrierte Sonnenenergie durch Hoch-


=



Concentrated solar energy with high performance

leistungsvakuumröhre CPC 16














vacuum tube collector CPC 16

Sammel- und Verteilung in isoliertem






=



Collection and distribution in insulated 

Gehäuse





























box/case

Solarrücklauf






















=



Solar return flow

Solarvorlauf






















=



Solar fore flow

Wärmeträgerflüßigkeit in Kuperleitung





=



Heat bearing liquid in copper pipe

Hochselektiv beschichtetes inneres Glasrohr

=



Highly-selectively coated glass tube

Aluminium-Profilrohr zur bestmöglichen




=



Aluminium pipe for the best possible heat

Energieübertragung





















transmission

Äußeres Glasrohr



















=



Exterior glass pipe

Storage collector

Nowadays collectors are industrially manufactured in good quality. The technical developments in regard to collector technology are ongoing and continuously progressing. One technical research objective of the present solar energy research is to improve the individual components of normal flat plate collectors. So, e.g. it is being worked on the development of more cost saving production processes and better selective absorber coatings that ensure a higher long term stability. E.g., new transparent collector covers with very low K-values and optimised light translucence are a result of recent research efforts.

The storage collector which in principle is functioning like a flat plate collector uses such a transparent collector cover in the form of a so called "transparent heat insulation". The "transparent heat insulation" consists of a translucent cover plate with a capillary/chamber structure of "PMMA" or polycarbonate. This new kind of cover - a development of the Fraunhofer Institute for Solar Energy Systems in Freiburg/Germany - has made the development of storage collectors possible. Storage collectors, like the name already says, combine the function of a collector and of a heat storage in a single product. They consist of two slim, pressure-resistant tanks which are selectively coated and are located in the centre of a specially designed curve-shape mirror. The double storage tanks absorb the mirror concentrated energy of the solar radiation from all sides and transmit the heat directly to the water which is inside the tanks. The rear side of the collector is very well insulated with polyurethane foam. In combination with the transparent heat insulation of the collector front only very little heat losses occur in the summer to the outside and in the winter to the inside. A storage collector with a storage volume of 140 litres is sufficient for the daily warm water needs of a family with three members. The storage collector technology is easy and reliable since no glycol-mixture, no pumps and no regulation and control technology is necessary. In tests that where conducted over a longer period of time the collectors also proved that they would not freeze up. Diagram 24 shows the function of a storage collector again.

Diagram 24: Function of a storage collector
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English translation of technical terms and sentences in diagram 24:

Solarsicherheitsglas
















=



Solar safety glass

"GFK"-Abdeckerahmen














=



"GFK-cover" frame

Transparente Wärmedämmung 50 mm




=



Transparent heat insulation 50 mm

Sandwich-"GFK"-Gehäuse mit PU-






=



Sandwich-"GFK"-case/box with polyurethane

Isolierung auf Pflanzenölbasis














insulation manufactured on a vegetable oil basis

Doppel-Speichertank mit thermischer





=



Double storage tanks with thermal

Abkopplung

























detachment

Evolventenreflektor aus Aluminium






=



Special curve-shape reflector made of

hochglanzpoliert






















high-polished aluminium

Efficiency

Diagram 25 that can be seen below shows the efficiency of the three most important collector types as a function of the temperature difference (interior collector temperature - outside collector temperature). Curve a) shows the fast efficiency loss of the swimming pool absorber collector. Because of the missing insulation the performance of this collector type drops very fast with an increasing temperature difference. The pretty flat curve c) represents the relatively small energy losses of the vacuum tube collector. The efficiency curve b) of the flat plate collector is located between a) and c). It can be observed in the diagram that the vacuum tube collector and the flat plate collector almost have the same efficiency with high radiation temperatures in the summer. For this reason, it is actually completely sufficient to use a flat plate collector for the heating of water in the summer. The vacuum tube collector can be used best for the energy production during the transitional periods of the year (autumn, winter). It also still can be used for the support of the heating system even if there is little sun radiation. The efficiency of the storage collector is comparable with the one of a flat plate collector.

Diagram 25: Efficiency of the three most common collector types
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English translation of technical terms and sentences in diagram 25:

Wirkungsgrad-Diagramm



















=


Efficiency diagram

Wirkungsgrad


























=


Efficiency

a: Absorber




























=


a: Absorber

b: Flachkollektor
























=


b: Flat plate collector

c: Vakuumröhrenkollektor


















=


c: Vacuum tube collector

Schraffierte Flächen kennzeichnen den










=


The hatched areas represent

Arbeitsbereich, in dem die Kollektoren













the ranges in which the

überwiegend arbeiten
























individual collectors are normally used

Temperaturdifferenz (tK Kollektor - ta außen) in K


=


Temperature difference expressed in K








































(tK Collector - ta outside)

Diagram 26 shows the collector energy yield of the most common collectors on the market today made by different manufacturers (in kWh/m²/year for Germany). This diagram helps to find the right collector for the customer's needs based on their price-performance ratios.

Diagram 26: Collector energy yield of some common collectors made by different manufacturers in kWh/m2/year for Germany
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English translation of technical terms and sentences in diagram 26:

Kollektorertrag (kWh/m2a)











=



Collector energy yield in KWh per m2 per year

Jährlicher Ertrag des Kollektors in einer



=



Annual energy yield of a collector in a standard

Standard-Solaranlage



















solar energy installation

VRK


























=



Vacuum tube collectors

Flachkollektoren


















=



Flat plate collectors

A,..., P

























=



Different collector brand names

Kollektorertrag nach ITW












=



Collector energy yield according to ITW -

Universität Stuttgart




















University of Stuttgart

Diagram 27 shows how it is possible to determine the technical requirements of different solar energy systems and devices with a computer simulation programme ("F-Chart"). One enters the corresponding project variables, e.g. the given manufacturer data about a particular collector type and then the software returns important information one has to know for a correct collector installation like the angle of inclination for the collectors and other data that are important for the dimensioning of the corresponding storage system.

Diagram 27: Computer simulation programme for the calculation of technical data of different devices and systems
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English translation of technical terms and sentences in diagram 27:

Solare Brauchwasserbereitung






=



Water heating with solar energy

Angaben zum Projekt











=



Project data

Projektname/Standort












=



Project name/location

Wetterdatensatz
















=



Weather data record

Geographische Breite












=



Longitude

Grad























=



Degree

Höhe über NN

















=



Metres above/below sea level

Angaben zur Kollektoranlage





=



Collector system data

Kollektorfläche (Apertur)









=



Collector area

Stück























=



Pieces

Modulanzahl


















=



Number of modules

Hersteller/Lieferant














=



Manufacturer/supplier

Modellbezeichnung














=



Brand name

Evolventer VRK 16













=



Special curve shape vacuum tube collector 16

Art der Abdeckung














=



Type of collector cover

vertikale Glasröhre














=



Vertical glass tube

Konversionsfaktor














=



Conversion factor

Verlustfaktor 1
















=



Loss factor 1

Verlustfaktor 2
















=



Loss factor 2

Kollektorneigung















=



Collector inclination angle

Kollektorausrichtung












=



Collector orientation

Kollektordurchsatz gesamt









=



Total collector throughput

Liter























=



Litres

Kollektordurchsatz spezifisch







=



Specific collector throughput

Angaben zur Brauchwasseranlage


=



Storage system information

Speicherinhalt

















=



Storage tank volume

Kaltwassertemperatur












=



Cold water temperature

Warmwassertemperatur











=



Hot water temperature

Warmwasserbedarf














=



Warm water need

Liter/d






















=



Litres/day

Verluste im Brauchwassersystem





=



Losses in the storage system

Nachheizsystem
















=



Additional heating system

Ölheizung mit Heizöl EL










=



Fuel based heating system

Anlagengüte der Nachheizung






=



Device quality of the additional heating system

Durchschnittliches System









=



Average system

Nutzungsgrad der Nachheizung






=



Usage rate of the additional heating system

In many solar energy installations antifreeze has to be added in the winter. In diagram 28 the service technicians can see how much percent antifreeze should be added best depending on the outside temperature.

Diagram 28: The right antifreeze mixture for a solar installation as a function of the outside temperature
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English translation of technical terms and sentences in diagram 28:

Temperatur





















=



Temperature

Fest


























=



Solid

Flüssig
























=



Liquid

Keine Sprengwirkung (Eisbrei)








=



No explosive effect (ice paste)

Empfohlene Konzentration











=



Recommended concentration

Stockpunkte nach DIN 51583









=



Solidification point according to DIN 51583

Kälteschutz





















=



Freezing protection

Eisflockpunkte nach ASTM D 1177





=



Point at which ice flakes are forming according to


































ASTM D 1177

Tyfocor























=



Tyfocor antifreeze liquid

7.
Storage technology

As already indicated, the storage technology represents an important component of the solar energy technology as a whole. For this reason the most common storage systems currently on the market shall be discussed here in more detail.

First, it can be recommended again in order to achieve better learning results to split the training course up in small groups and give each group a particular assignment.

Below one finds a list with tasks service technicians should be able to fulfil in order to prepare the successful realisation of a customer project or order:

· Request information about solar storage systems from the corresponding manufacturers

· Order solar regulators or control units including installation instructions

· Assemble model systems and devices according to manufacturer guidelines

· Determine the right location of sensing elements and be able to install them

· Assemble hydraulic circuits

· Select the pumps for a system

· Install circulation pipes for solar devices correctly and be able to make measurements

· Measure the heat losses occurring in storage tanks and pipes

· Carry out different experimental measurements at different real installations

· Understand the difference between "high-flow" and "low-flow"

· Design forms for measuring protocols and be able to fill them out

· Compare measuring results and be able to evaluate them

· Order information about lightning protection devices according to "VDE"

· Be able to handle PC programmes for the optimisation of systems and be able to compare the results of PC simulations

· Evaluate and compare emission reduction analysis that had been done using PC simulation programmes

· Request product prices in order to make a cost-benefit analysis of the different storage systems and device sizes available

· Find out which local, state, or federal financial support programmes for the use of solar energy technology exist

· Request and gather information about product comparisons or tests of systems and devices from different manufacturers (possible sources: energy advisory centres, student library or the Internet, e.g. http://www.solarserver.de)

· Be able to develop marketing and dissemination strategies for solar energy installations and devices

· Write advertising letters and send them to the customers

· Participate in solar energy technology fairs and exhibitions

· Document newly acquired technical knowledge so that a technical knowledge transfer in regard to solar energy technology can occur within the company

Storage designs

Simple storage system with external additional heating system
In the lower half of this simple storage system there is a heat exchanger with which the entire storage volume is heated over the solar heating system. In the upper half there is a heating coil coming from an external heater (boiler) for additional heating requirements. As heat exchangers mostly pipe bundles in smooth, gilled or spiral forms are being used. Simple storage systems of this kind had their origins in the beginning of the sixties and are still being used today even if their disadvantages are well known among experts. So, the solar energy is being brought into the system but it can not be used for additional heating purposes. Furthermore, with these systems there is the danger that bacteria (e.g. the dangerous bacteria that cause the so called "legionnaire's disease") can survive in the water since the lower part of the storage is not being heated enough in the autumn and winter transition periods in which there is not enough sun energy available. Further disadvantages consist in the relatively high energy losses of this system and the accumulation of calcifications in the inside of the storage tanks. Particularly the latter reasons will most likely have the effect that in future systems of this kind external heat exchangers will be used. Diagram 29 and 30 show the function of such a simple storage system with additional external heating system.
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Diagram 29: Function of a simple storage system with additional external heating system

English translation of technical terms and sentences in diagram 29:

Nachheizung










=



Additional heating system

Heizsystem











=



Heating system

Brauchwasserspeicher




=



Water storage tank for water that is being used

Solarkreis












=



Solar energy circulation system

Ventil














=



Valve

Pufferspeicher









=



Buffer storage tank

Diagram 30:
Special sectional view showing the function of a simple storage system with external additional heating

system
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English translation of technical terms and sentences in diagram 30:

Wärmetauscher der Nachheizung




=



Heat exchanger of the additional heating system

Wärmetauscher des Solarkreises




=



Heat exchanger of the solar energy circulation system

"Combined storage" system - Combined buffer storage system with integrated hot water storage tank and external additional heating system

The so called "combined storage" system is based on the simple storage system with additional heating system described above, however some features have been added and others have been significantly improved. So, it consists of a combination of a buffer storage system with integrated hot water storage tank and external additional heating system. Combined storage systems are being frequently used for the support of the main heating system. In contrast to the simple storage system, the heat exchanger of the combined storage system is not surrounded by cold water but by water that comes from the heating system. For this reason calcifications can only occur at the inner wall of the hot water storage tank. A disadvantage of this storage system is that the temperature of the water inside the hot water tank can not be exactly regulated. So, the warm water temperature can reach up to 95 C° which means that there is the danger of scalding oneself. For this reason one normally has to install a hot water mixer with which it is possible to regulate the temperature down to below 60 C°. The following diagram 31 shows the function of a combined storage system.
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Diagram 31: Function of a "combined storage system"

English translation of technical terms and sentences in diagram 31:

Brauchwasserspeicher





=



Storage tank for the hot water that is being used

Nachheizung











=



Additional heating system

Heizungswasser









=



Water that is part of the heating system circulation

Heizsystem












=



Heating system

Solarkreis













=



Solar energy circulation system

Storage collector

The storage collector has already been discussed in the chapter "collector technology". Since it also represents a very inexpensive and simple storage solution some additional aspects shall be presented here. In storage collectors there is no glycol mixture being used as the heat carrying liquid. Instead, drinking water is being used for this purpose. So, a storage collector can directly be connected to the drinking water circulation system without needing any regulation technology and solar circulation system. For the installation it is recommendable to build in an expansion tank and a hot water mixing valve as a protection against scalding oneself. The storage collector is frost-resistant in Central Europe and so no further additional installation measures have to be taken in order to protect the collector against freezing up. Only the pipes of the system have to be protected correspondingly against frost. The very good general insulation of the storage collector and the transparent heat insulation in particular only allow a very low emission during the night-time. Storage collectors can be installed either in the roof, on the roof, in walls or integrated into the front of a building. The insertion into a roof is done in the same way as the installation of a roof top window: The roofing tiles are being removed and a roof opening corresponding to the collector dimensions is being created. Then the storage collector is being lifted onto the roof and is inserted in the prepared roof opening. Depending on the roofing there are special borders or edgings for it which now have to be installed. Afterwards, the roofing tiles are being put back into their old positions. As a next step, the water supply of the storage collector has to be installed and has to be connected to the chosen additional heating system.

Diagram 32 and 33 show examples for an in-roof installation of storage collectors. Diagram 34 shows an example for a lean-to roof installation and diagram 35 shows the wall integration of storage collectors at the example of the Freiburg Solar Tower.

Diagram 32: In-roof installation of a storage collector



Diagram 33: In-roof installation of a storage collector
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Diagram 34:
Lean-to roof installation of a storage





Diagram 35:
Wall integration of storage collectors

collector





























at the example of the Freiburg Solar Tower
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In the following three complete systems based on the ZEBA storage collector "Calormax" are being presented (diagram 36, 37 and 38). The diagrams shall contribute to a better understanding in regard to the design and composition of complete systems depending on different customer needs or different application areas.

Diagram 36: Storage collector system 1: Combination with additional heating system

[image: image45.jpg]



[image: image46.jpg]



[image: image47.jpg]G tsconcon und ot
e
s Solirees Kumseoton 2
Letung ces sbackinen
Specnenvasesracn

i

Schichtenspeicher mit internen Wirmetauschern



[image: image48.jpg]



[image: image49.jpg]Und so fanktioniert der Sandler Solar-Frischwassererw irmer:

—

Fisches, kalts Leitangswasser it von der cinen Seite s darch inen
Platenaometavscher 2 gleichen Zeit it von der anderen Sete e
heiBes Spetchervasser ntgegen Walwend sich das Lastungswasser sonertalt
weniger Augenblicke auf ue gevnshte Warmvassertemperatu et
bl sch das Speschervmsser ab -Wasmwasserjust i fimel - S0 sind S

S cher von den berthunt-bernehtgien Legiondlen





English translation of technical terms and sentences in diagram 36:
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Aufstellort des Speicherkollektor











=



The collector installation possibilities include

als Indach-, Wand-, Flachdach-
















in-roof, on-wall, flat roof or

oder Freimontage

























free mounting

Thermostatischer Brauchwasser-











=



Drinking water mixer thermostat,

mischer, 20°C-60°C einstellbar
















20°C-60°C adjustable as

als Verbrühungschutz






















protection against scalding oneself

Gas-, oder Elektrodurchlauferhitzer als







=



Gas or electro-boiler as

Nachheizung




























additional heating system

Achtung:


























=



Caution:

Die Geräte müssen für die höheren Eingangs-






The devices have to be approved

temperaturen geeignet sein



















for the higher operating temperatures

Kaltwasserzuleitung 3/4"
















=



Cold water supply-pipe 3/4"

Sicherheitsgruppe bestehend aus:










=



Safety devices including:

2x Absperrorgan

























2x cutoff device

1x Rückschlagventil























1x check valve

1x Druckminderer eingestellt auf 4 bar











1x pressure reducer set to 4bar

1x Sicherheitsventil 4 bar 1/2" Anschluß










1x safety valve 4 bar 1/2" connection

wahlweise als sinnvolle Ergänzung:













alternatively as a helpful addition:

1x Airfix (durchströmtes Ausdehnungsgefäß)







1x airfix (expansion tank)

zur Verhinderung des Tropfwassers am SV








for preventing water leaking at the solar






































circulation system fore flow

Diagram 37: Storage collector system 2: Integration in existing systems
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English translation of technical terms and sentences in diagram 37:
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Aufstellort des Speicherkollektor











=



Collector installation possibilities include:

als Indach-, Wand-, Flachdach-
















in-roof, on-wall, flat roof or 

oder Freimontage

























free mounting

Thermostatischer Brauchwasser-











=



Drinking water mixer thermostat,

mischer, 20°C-60°C einstellbar
















20°C-60°C adjustable as

als Verbrühungschutz






















protection against scalding oneself

Vorhandener Speicher


















=



Existing storage tank

Zusatzheizung Öl/Gas/Elektro












=



Additional heating system oil/gas/electro

Kaltwasserzuleitung 3/4"
















=



Cold water supply-pipe 3/4"

Sicherheitsgruppe bestehend aus:










=



Safety devices including:

2x Absperrorgan

























2x cutoff device

1x Rückschlagventil























1x check valve

1x Druckminderer eingestellt auf 4 bar











1x pressure reducer

1x Sicherheitsventil 4 bar 1/2" Anschluß










1x safety valve 4 bar 1/2" connection

wahlweise als sinnvolle Ergänzung:













alternatively as a helpful addition:

1x Airfix (durchströmtes Ausdehnungsgefäß)







1x airfix (expansion tank)

zur Verhinderung des Tropfwassers am SV








for preventing water leaking at the solar






































circulation system fore flow

Diagram 38: Storage collector system 3: Combination with boiler and small storage systems

System 3 is very often used in semi-detached houses in connection with condensing boiler systems that include 20 litres hot water storage tanks (located below the boiler) for additional heating purposes. The normal chimney of the house is replaced in this case by an air-combustion gas chimney.
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English translation of technical terms and sentences in diagram 38:


Aufstellort des Speicherkollektor











=



Collector installation possibilities include:

als Indach-, Wand-, Flachdach-
















in-roof, on-wall, flat roof or 

oder Freimontage

























free mounting

Sicherheitsgruppe bestehend aus:










=



Safety devices including:

2x Absperrorgan

























2x cutoff device

1x Rückschlagventil























1x check valve

1x Sicherheitsventil 4 bar 1/2" Anschluß










1x safety valve 4 bar 1/2" connection

wahlweise als sinnvolle Ergänzung:













alternatively as a helpful addition:

1x Airfix (durchströmtes Ausdehnungsgefäß)







1x airfix (expansion tank)

zur Verhinderung des Tropfwassers am SV








for preventing water leaking at the solar






































circulation system fore flow

Hausanschluß nach DIN 1988













=



House connection/supply according to DIN






































1988 (norm)

Layer storage systems

Layer storage systems represent very recent technical developments. With these systems one can design very efficient solar energy systems. Most of the layer storage systems are positioned in the upper price segment and are rather expensive. So, the effectiveness of has its price. The already mentioned problem other systems have that bacteria (( "legionnaire's disease") can survive in insufficiently circulating and insufficiently heated water is also completely solved with this new kind of storage system which is also known as "fresh water storage".

In a layer storage system the hot water coming from the solar collector circulation system is heating up the water at the bottom of the storage through a heat exchanger. The heated water is moving up through a pipe and is forming hot water layers in the upper part of the storage tank. Cold water is being guided downwards through the pipes of a heat exchanger in spiral form which is located in the upper part of the storage tank surrounded by the hot buffer water of the upper hot water layers. This hot water then heats up the cold water in the spiral form heat exchanger, i.e. the up-heating is taking place in a run-through process. This is also where the name "fresh water storage" comes from. The additional heating is done with another internal heat exchanger. Diagram 39 shows the function of such a layer storage system.

Diagram 39: Function of a layer storage system with internal heat exchangers


English translation of technical terms and sentences in diagram 39:

Brauchwasserwärmetauscher










=



Heat exchanger for the drinking water

Wärmetauscher zur Nachheizung








=



Heat exchanger of the additional heating system

und zur Heizungsunterstützung













and for the support of the heating system

Aufströmrohr für Wärmetauscher







=



Upstream pipe of the heat exchanger

des Solarkreises























of the solar energy circulation system

Kunststoffrohr zur Leitung












=



Plastic pipe for the downstream of the

des abgekühlten Speicherwassers nach








cooled down storage water

unten






























to the bottom

Wärmetauscher des Solarkreises








=



Heat exchanger of the solar energy circulation

system

Special layer storage system

The special layer storage systems shown in diagram 40 and 41 work with two external heat exchangers in plate form.

The buffer storage tank with stagnant water is being loaded from top to bottom through the higher one of the two pipes that can be seen in diagram 41 with water coming from the solar collector circulation system. If hot water is being tapped, the storage tank is being unloaded by the pump of the hot water circulation system over the plate heat exchanger. In the unloading process water is being pumped from the top of the storage tank over the long pipe to the heat exchanger. After the warm water has passed the heat exchanger and has cooled down it is guided back down to the bottom of the storage tank into cooler temperature layers. The additional heating needs can be fulfilled with an integrated heater or an external heater. Because of the number of the pumps and the heat transfer losses occurring in the heat exchangers the buffer storage tank has to have a certain minimum volume in order to reach an equalised energy balance. Some manufacturers are integrating flaps into the two pipes in the interior of the buffer tank through which the hot water pours out into its corresponding temperature layer. In this case, such systems should only be operated with integrated water softener devices if the water is very hard or chalky in order to prevent calcifications.

Diagram 40:
Function of a special layer storage









Diagram 41:
Function of a special layer storage with

with external heat exchangers




















external heat exchangers
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English translation of technical terms and sentences in diagram 40:

Externer Wärmetauscher für das Brauch-


=



External heat exchanger for the drinking water

wasser





























(water that is being used)

Nachheizung





















=



Additional heating system

Heizsystem






















=



Heating system

Externer Wärmetauscher des










=



External heat exchanger of the solar circulation

Solarkreises

























system

Schichtenspeicher mit externen Wärme-



=



Layer storage system with external

tauschern



























heat exchangers

Pipe layer storage system

The pipe layer storage system represents another variation of the layer storage principle. Diagram 42 shows a complete solar energy system of the Sandler company which is based on a pipe layer storage system. Solar energy is used in this system for the support of the heating system as well as for the heating of drinking water. The storage tank of the pipe layer system contains water of the heating system circulation. Through a special pipe (this is where the name of the system comes from) the storage tank is loaded from above with heated water coming from the two heating systems, the solar collector heating system and the conventional boiler heating system. The heated water is deposited in its corresponding temperature layers (55°C for the hot drinking water, 38°C for the heating system water). In the unloading process the water is being tapped from the corresponding temperature layer according to its intended use. The upper part of the layer storage tank is reserved for drinking water heating purposes so that the hot drinking water supply is always guaranteed. The loading of the storage tank with hot water coming from the solar heating system circulation is done through an external heat exchanger in plate form. During the "drinking water tapping" the water is taken out from the upper part of the storage tank and is guided through another external heat exchanger where it is heating up the drinking water of the separate drinking water circulation which is also passing through this external heat exchanger in opposite direction. The warm water needed for the heating system support is taken out from a lower storage layer. With the pipe layer storage system the following principle applies: The storage tank is being loaded from top to bottom and unloaded from the top. Diagrams 43-47 show the function of the different Loading and unloading processes again.

Diagram 42: Function of a complete solar energy system of the Sandler company based on a pipe layer storage system
English translation of technical terms and sentences in diagram 40:

Gewußt wie, so einfach ist das Sandler Solar-


=



Know how to do it - so easy is the Sandler

Frischwassersystem























solar energy fresh water system

Diagram 43:
Loading of the heating system














Diagram 44:
Unloading of the heating system

zone (pipe layer storage system)






















zone (pipe layer storage system)
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Diagram 45:
Loading of the hot drinking water












Diagram 46:
Unloading of the hot drinking water

zone (pipe layer storage system)






















zone (pipe layer storage system)
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Diagram 47: Function of a pipe layer storage system of the Sandler company


English translation of technical terms and sentences in diagram 47:

This is how the Sandler solar energy fresh water system works:

Leitwerkschichtspeicher









=



Pipe layer storage system

Leistungsgeregelte Ladepumpe





=



Performance regulated loading pump

Plattenwärmetauscher











=



Heat exchanger in plate form

Fresh cold tap water is flowing from one side through a plate form heat exchanger. At the same time hot storage water is also passing through the heat exchanger in the opposite direction. While the cold tap water is heating up instantly to the desired warm water temperature the hot storage water is cooling down - warm water just in time ! In this way, you are completely protected against the problems other systems have that dangerous bacteria (( "legionnaire's disease") survive in insufficiently heated or insufficiently circulating water.

Latent heat storage system
One of the latest technical developments in the storage technology represents the latent heat storage system. The Schneider company located in Lahr/Germany developed it based on results of the German aeronautics and space research. This storage system is able to store five times as much energy as a comparable storage system filled with normal water could store. So e.g., a latent heat storage system which has a volume of 2000 litres can store as much energy as a conventional storage system with a 10000 litres buffer storage tank. That means that such a storage system needs significantly less space at the location where it will be installed. In this way, one is able to achieve a high storage performance using very little installation space.

The latent heat storage system makes use of the melting heat of a salt hydrate (sodium acetate). The sodium acetate serves as the storage medium instead of water. The melting heat is set free when sodium acetate changes its state at a temperature of 58°C. More in detail the following process is occurring inside the storage tank: A heat carrying oil (a technical so called "white oil") is being pumped through the sodium acetate. The white oil climbs in bubbles to the surface. The heat exchanging takes place at the surface of the bubbles. Crystals form where the salt hydrate meets the lighter oil layer. The crystals sink to the bottom of the storage tank and form there a loose, oil-permeable layer. The heat energy set free in this process is being transmitted with the help of a heat exchanger in plate form from the oil to the water which is circulating in the heating system. The heat exchanger is also being used to load the storage tank. Latent heat storage systems are not only used in solar energy installations but also with solid fuel boilers, district heating plants and with waste heat of other thermal processes. The used sodium acetate is also used in the food production where it is not subject to any labelling obligation. So e.g., it is in every salad sauce prepared with vinegar and common salt. The used white oil serves also as a raw product in the cosmetics industry. Diagram 48 shows the function of a latent heat storage system.

Diagram 48: Function of a latent heat storage system


English translation of technical terms and sentences in diagram 48:

Latentwärmespeicher Prinzip




=



Latent heat storage principle

Schwimmer
















=



Float

Atmungsleitung ins Freie







=



Ventilation pipe to the outside

Lade- bzw. Entladeleitung






=



Loading or unloading pipe

Wärmeträgeröl













=



Heat carrying oil

Entnahmeleitung












=



Unloading pipe

Ausdehnungsraum











=



Expansion space

Pumpe



















=



Pump

Wärmetauscher













=



Heat exchanger

Natriumacetat














=



Sodium acetate

Zufuhrsystem Rohr aus Teflon



=



Supply pipe made of teflon

Diagram 49 shows an example of the technical progress the solar energy technology has went through alone in the three years from 1995 to 1997. In general, a trend can be noticed towards always more compact installations. One goal of today's technical development work is to produce long-term storage systems with a high energy storing capacity as well as very effective layer storage systems for the immediate use of the solar energy produced.

Diagram 49: Example for the technical progress in the solar energy technology from 1995 to 1997


English translation of technical terms and sentences in diagram 49:

Kollektor









=



Collector

Kilowatt










=



Kilowatt

Warmwasser







=



Warm water

Heizkreis









=



Heating system circulation

Rohrverbindungen



=



Pipe connections

Diagram 50 provides the service technicians with important information as to how big the collector area and the volume of the storage system have to be as a function of the season and the number of people in the household. The red line drawn into the diagram shows the case of a household with six members in a time period from April to September. It can be seen that such a household needs a collector area of 11 m2 and a storage volume of 550 litres.

Diagram 50: Collector area and storage system volume as a function of the season and the number of people in a household


English translation of technical terms and sentences in diagram 50:

(in sonnigen Gebieten -10%)










=



(in sunny areas -10%)

Speichervolumen (L)















=



Storage volume in litres

Mai bis August



















=



May to August

April bis September
















=



April to September

X L/Tag
























=



X litres per day

Kollektorfläche (m2)
















=



Collector area in m2
Personen























=



Number of people

Beispiel: 6 Personen,
















=



Example: 6 people

45 L pro Person/Tag, April bis September



=


45 litres per person per day, April to September

Diagram 51 helps the service technicians with the right dimensioning of a complete solar energy system with certain predetermined or fixed variables. So e.g., the diagram below is based on the following assumptions: A warm water temperature of 45°C, a total length of the pipes of 10 metres - 80% installed inside and 20% installed outside - with a soft foam insulation of 30 mm. An example was drawn in with a red line in the diagram. For this example the diagram gives the following information: One needs 3 collectors and a storage system volume of 300 litres for a household with 4 members which has a warm water consumption of 40 litres per person and day and which is situated in the solar climate zone II. The inclination angle of the roof is 45° directed to the south and the solar coverage rate is 55%.

Diagram 51: Dimensioning of a complete solar energy installation with certain predetermined or fixed variables


English translation of technical terms and sentences in diagram 51:

Zur überschlägigen Auslegung





=



For estimating the size or dimension of a system

Solar-Klimazone














=



Solar climatic zone

Sonnenscheindauer in h/Jahr







=



Sunshine duration in hours per year

Globalstrahlung in kWh/m2 Jahr




=



Global radiation in kWh per m2 per year

Kollektoranzahl















=



Number of collectors

O/W






















=



East/West

SO/SW




















=



Southeast/Southwest

S

























=



South

Solarer Deckungsanteil in %







=



Solar coverage rate in %

Dach-Ausrichtung













=



Roof orientation

Solar-Klimazone














=



Solar climatic zone

Dach-Neigung
















=



Roof inclination angle

Warmwasser-Verbrauch









=



Warmwater consumption

(Liter pro Person/Tag)










=



(Litres per person per day)

Anzahl der Personen












=



Number of people

Beispiel




















=



Example

Ausgangsdaten















=



Assumed basic data

Warmwasser-Temperatur: 45°C,




=



Warm water temperature of 45° C

10m einfache Leitungslänge,











A total length of the pipes of 10 metres

80% innen, 20% außen, mit











80% installed inside and 20% installed outside

30 mm Weichschaumdämmung









Soft foam insulation of 30 mm

8.
Regulation and control technology

The control and regulation technology represents another important part of the solar energy technology. It is closely related to the already discussed collector and storage technologies. So e.g., the circuit diagram 52 shows a temperature difference regulator for a simple solar energy system manufactured by the company Resol. Such a regulator works as follows: The collector system collects the energy of the sun radiation. The storage system with its heat exchangers make it possible to use this energy for the heating of water. The regulator is determining the temperature difference between the collector sensing element (FKY) and the storage sensing element (FRY). As soon as the temperature difference equals or exceeds a certain limit value the regulator had been programmed for the pump is starting to load the storage tank.

Diagram 52: Circuit diagram of a temperature difference regulator manufactured by Resol for a simple solar energy system


English translation of technical terms and sentences in diagram 52:

Kollektorfühler



=



Collector sensing element

Speicherfühler




=



Storage sensing element

Meßfühler







=



Measuring sensing element

Pumpe









=



Pump

Diagrams 53-55 show the different types of sensing elements used for control and regulation purposes. The first diagram (diagram 53) shows a so called flat lay-on sensing element that is usually installed on flat and smooth surfaces. The second diagram (diagram 54) shows a so called pipe lay-on sensing element for any tube diameters with band clip. The third diagram (diagram 55) shows a so called dip-in sensing element.

Diagram 53: Flat lay-on sensing





Diagram 54:
Pipe lay-on sensing



Diagram 55:
Dip-in sensing

element




















element


















element
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Diagram 56 shows a simple regulation circuit diagram of a complete standard solar energy system.

Diagram 56: Simple regulation circuit diagram of a complete standard solar energy system


English translation of technical terms and sentences in diagram 56:

Standard-Schaltbild Warmwasserbereitung


=


Standard circuit diagram - warm water heating

mit Nacherwärmung durch Heizkessel








with additional heating through heating boiler

Regler


























=


Regulator

Heizkreis
























=


Heating system circulation

Warmwasser






















=


Warm water

Kühlwasser























=


Cooling water

Diagram 57 shows a useful checklist for the installation of a solar energy system.

Diagram 57: Checklist for the installation of a solar energy system


English translation of the technical terms and phrases in diagram 57:

· Do not install the collector in the shadow. Do not install it under the antenna of a house either (( danger of bird excrements)

· Position the collector wings correctly

· Collector has to be accessible for maintenance and cleaning

· Pay attention to lightning protection

· Keep the distances to the storage system short

· Pay attention that the roof installation is well sealed

· Are the pipes that are installed outside waterproof and protected against ultra violet radiation ?

· Do not forget the lockable ventilation on top

· Do not forget the steam pressure relief valve

· Do not confuse the fore flow and return flow pipes of the solar circulation system

· Do not fill in to much glycol into the circulation system (a maximum of about 40%)

· The device pressure in the solar circulation system has to be high enough (a minimum of 2 bar)

· Adjust or programme the regulation and control units correctly (e.g. temperature difference)

· Position the storage sensing elements correctly

· Turn off the room heating system if possible in case of a two storage tanks system during the summer

· Are the doors big enough to get the storage tanks through for installation

· Co-ordinate the work that has to be done with the other handicraft companies that are also involved in the order execution (e.g. electrician, roofer, plumber)

9.
Advertising measures for the sale of solar energy systems

After the most important technical aspects of the solar energy technology have now been discussed a few points to be considered in regard to advertising measures for the sale of solar energy systems shall be mentioned here. In general, service technicians should not only be able to constantly improve their technical knowledge but they also should be able to use their new skills for the benefit of their company, e.g. by selling corresponding installations and devices to the customers.

Some thoughts on advertising:

· What is being advertised ?

· 
e.g. tube collectors, storage collectors....

· What kind of people or institutions shall be addressed ?

· Who is the target of the advertising measures ?

· 
End consumers or purchase decision makers

· Which financial means are available ?

· Where are advertisements going to be placed ?

· 
e.g. Daily newspaper, community news, radio....

· Which contents should the advertisements have ?

· 
e.g. environment protecting technologies, energy saving measures, saving of costs through the use of renewable energies....

· At which time the advertisements should be placed ?

· 
e.g. in which newspaper issue....

Presentation of the own company:

· "Meet the company day" with exhibition of manufacturer products

· Inviting other customers to the inauguration of a new solar energy installation

· Organisation and realisation of solar energy initiatives and lectures about solar energy use

· Own booth at trade shows where one can get company information material and where one can participate in price competitions

· Inauguration of new company business premises, jubilee celebrations (e.g. 10 years anniversary of the company)

· Autographing sessions with well-known athletes

Presentation and design of the product exhibition or product show room of the company:

· Do not exhibit too many things and above all display the products in a well-ordered way

· Adapt the product display to the ambient of the exhibition

· Pay attention to the effect the ambient of the whole exhibition does have

· Display working product models

· 
e.g. demonstration models with temperature displays, plexiglass models

· Provide desks and chairs where one can sit down with a customer to have a customer advisory conversation

· Offer brochures and information about the topic of the product exhibition

· Show photographs and pictures of solar energy systems the company has already installed for customers

· Friendly and competent personnel

10.
Solar energy technology training objectives for service technicians

In general, and  also with the help of these materials, the service technicians should acquire the following knowledge in regard to the use of solar energy technology:

· Know the causes of the green house effect.

· Understand that the use of solar energy helps to reduce the CO2 emission.

· Know how the fossil energy raw materials coal, oil and gas can be saved

· Understand that entering the solar energy age represents a solution for the otherwise very likely happening global environment catastrophe.

· Solar energy has the highest energy producing potential of all the different renewable energies.

· The use of solar energy technology is possible in all of Germany.

· Understand how a solar energy system is working.

· Understand that the use of solar energy technology is possible in old and new buildings as well as in single-family houses and in multifamily houses.

· Understand that absorber collectors are especially used for the heating of swimming pool water and that the swimming pool water that has to be heated is directly flowing through the absorber collectors.

· Understand that flat plate collectors are sufficient for the heating of drinking water if enough roof installation space is available.

· Understand that vacuum tube collectors can also be used in the transition seasons (autumn and winter) for the support of the main heating system and that they furthermore can even be used during the winter for the heating of drinking water.

· Be able to clarify the possibilities of use and the advantages of storage collectors.

· Be able to explain the function of thermo s-trap or u-trap installations.

· Be able to collect information about technical improvements and new collector developments that are introduced to the market.

· Know the "transparent heat insulation" principle and compare it with conventional kinds of glass collector covers or glazings.

· Be able to explain the energy flow in a collector.

· Know the solar energy yields of the individual collectors and compare them with their costs.

· Be able to determine the application range of the individual collectors according to their efficiency (swimming pool, heating of drinking water or main heating system support)

· Understand that it is possible to produce a solar energy surplus in the summer which could be used for heating purposes in the winter and that for this reason it is necessary to have long term storage system.

· Be able to collect the project data of an existing installation and be able to design and dimension an solar energy installation for the heating of drinking water for a corresponding number of people.

· Be able to compare manufacturer data about different systems and devices.

· Be able to distinguish the relations between sunshine duration and global radiation as a function of the season and time of day.

· Be able to advice customers and make them the main economical and ecological aspects of new technologies clear.

· Know the public financial support programmes for the use of solar energy technology.

Some test questions in this regard one should be able to answer:

· Which are the necessary conditions in order to be able to optimally use solar energy technology in a household ?

· For what purpose solar energy is intended to be used ?

· Which collectors should be selected for the customer needs and why is a selection being made ?

· Are the collectors installed on the roof or are they integrated into the roof ?

· How do the pipes have to be installed ?

· How does the dimensioning of the pipes have to be made and which pumps are used for which purpose ?

· Which ecological aspects will have to be taken into consideration in regard to the customer order ?

· Which advantages does solar energy technology have ?

· Which collectors are best be used for the heating of drinking water and which ones are best be used for the support of the main heating system ?

· How much warm water does a family with four members consume on average ?

· Which effects does it have on the collector size if the location of the roof deviates from the ideal southward orientation ?

· Where do sensing elements, security valves and ventilation valves have to be installed ?

· How do the pipes have to be insulated ?

· With which heat carrying liquid do the systems and devices have to be filled and up to how many degrees below 0°C the systems are protected against freezing up ?

· Where does the security valve have to be installed and where does the ventilation pipe end ?

11.
Learning aim control

Assignment: Make a comparison between four different solar energy systems of your choice in regard to the saving of energy and emission reduction.




























1










2










3










4

Collector model name








_____________________________________________________

Number of collector modules



_____________________________________________________

Collector area













_____________________________________________________

Storage size














_____________________________________________________

Warm water consumption





_____________________________________________________

Additional heating system





_____________________________________________________

Energy savings
l / oil, 







_____________________________________________________












m3 / gas

Additional energy in kWh





_____________________________________________________

Solar energy in kWh









_____________________________________________________

Efficiency
















_____________________________________________________

Degree of coverage









_____________________________________________________

CO2 - reduction












_____________________________________________________

SO2 - reduction












_____________________________________________________

NOx - reduction












_____________________________________________________

Collector costs in
 DM







_____________________________________________________

Which system would you recommend to the customer based on the results of your comparison, also taking economic aspects into consideration (please give reasons for your findings) ?

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

____________________________________________________________________________________________________________________________________________
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Areas of use:





old and new houses


roof heating centrals


solar preheating station


boiler-storage combinations


households with normal hot water consumption





Advantages:





very good system efficiency


integration with existing


water storage systems


low purchase price


relatively easy to install











 





System 3


Combination with boilers and small storage systems








 





Areas of use:





As a solar preheating system for:


small indirectly heated water storage tanks


without circulation system connection


small electro-storage systems


boiler-storage combinations


households with constantly high hot water consumption





Advantages:





-			very high efficiency





-			very easy to install





-			low purchase price











 





System 2


Integration in existing systems











 





Areas of use:





everywhere where hot water is needed:


in the agricultural sector, e.g. on farms


in tennis and sports centres


in holiday homes


as a decentralised hot water system


in apartments





Advantages:





highest system efficiency





relatively easy to install





low purchase price














 





System 1


Combination with additional heating system
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