Appendix B

Solar Heating System


	Energy Cube

	 

	

	
The sun provides more than 10,000 times the energy needed by the human race.
Almost all energy ultimately comes from the sun.

Coal, Oil, Gas and peat are fossil fuels. These are the remains of plants which captured energy from the sun.

The only exception is nuclear power which comes from the release of energy from matter itself.

The energy cube shows the amount of energy generated by the sun each year.  As you can see, the annual worldwide energy consumption is just a small dot in comparison to the entire cube.

The sun provides more than 10,000 times the energy consumed by the human race each year. 
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Will it work in Ireland ?


Ireland is perfectly suited to solar energy.
The rate at which solar energy arrives on the surface of the earth is known as the insolation level. Insolation levels in Ireland are comparable with countries such as France, Germany and Austria The amount of solar energy reaching the earth measured in kWh/m2/day is known as the insolation level.

Insolation levels in Ireland are comparable with countries such as France, Germany and Austria, our neighbours in Northern Europe.

As one might expect, levels in Southern Europe are higher. In fact the insolation level reduces as the latitude increases. In other words, the amount of solar heat available reduces as one moves northwards.

Germany in one of the largest markets for solar heating in Europe with about 1,000,000 m2 being installed each year. German insolation levels are quite similar to Ireland. 
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Ireland lies between 51.5°- 55.5° North
The good news is that there are good levels of solar energy available from the sun throughout Ireland.  The south of Ireland will receive a little more sun that northerly areas, however the difference is quite small.

 



	Insolation levels for Ireland


The American government agency NASA publish insolation information for all regions of the world. You can find this on the web if you are interested.
The average monthly figures for a part of Ireland are shown in the table below. As you might expect, the best levels are in May, June, July and August. December is usually the worst month. 

Monthly Averaged Insolation Incident On A Horizontal Surface (kWh/m2/day)
Lat 51.5 
Lon -9.5

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Annual
Average

10-year Average 

0.69

1.20

2.23

3.72

4.76

4.74

4.42

3.86

2.89

1.58

0.93

0.56

2.63

 

 

 



	Typical Solar Water Heating System


How can solar heating be used?
The best way for most households to harness solar energy will be to use it for heating of the domestic hot water. This is the water that is used for washing, showering, etc. 

Typically a solar panel (often called a solar collector) is mounted so that it faces the sun. This can be on a roof or at ground level. 

The solar system contains a mixture of water and about 40% of propylene glycol (food grade antifreeze). This mixture is called the solar fluid. As the solar panel is warmed by the suns rays, the solar fluid is heated up and is pumped through a coil in the bottom of a water heating tank. The solar fluid transfers its' heat to the water in the tank as the solar fluid passes through the coil. It then returns to the solar panel to be re-heated. In this way, the water in the tank is heated and can be used for showering and other purposes. 
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 HYPERLINK "https://www.rvr.ie/datastore/solarimages/images/system-1.jpg" Larger Image
 



	Alternative Systems
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 HYPERLINK "https://www.rvr.ie/datastore/solarimages/images/system-2.jpg" Larger Image
 


Sometimes it is not possible to install a twin coil water heating tank.
Here are some alternatives. 

1. A solar pre-heating tank (also known as a buffer tank) uses solar energy to pre heat the cold water before it enters your current water heating tank. This system has the disadvantage that the water in the buffer tank may be hot while the water in the second tank is cool.

 



	Alternative Systems
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 HYPERLINK "https://www.rvr.ie/datastore/solarimages/images/system-3.jpg" Larger Image
 


2. A heat exchanger can be used.  In this system, the water in the water heating tank is pumped through a plate heat exchanger where the heat is transferred from the solar fluid to the water. This is a good solution where the existing water heating tank is already of sufficient size to absorb the solar heat.

 



	Central Heating
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 HYPERLINK "https://www.rvr.ie/datastore/solarimages/images/system-4.jpg" Larger Image
 


It is also possible, though less common, to install a larger solar system which can make a contribution to central heating needs. 

Special tanks and control systems are needed for this type of system.

Here is an example of a layout for such a system.

 



	Types of Collector


There are two basic types of solar panel (also known as a collector)
These are the vacuum tube type and flat panel type. Vacuum tube collectors are up to 20% more efficient than Flat Panel collectors, but they are also more expensive. However, the lower efficiency of flat panels can be countered by installing a larger area on your roof.

 

[image: image11.jpg]




 INCLUDEPICTURE "https://www.rvr.ie/pages/catalog/www.rvr.ie/GetThumb.ashx?url=/datastore/catalog/products/SOL015/graphics/SelectiveV.jpg&width=100&height=-1" \* MERGEFORMATINET [image: image12.jpg]



Vacuum Tube        -        Flat Panel
 



	Vacuum Tube
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Here is a cross section of a vacuum tube.
These collectors operate in a very similar manner to the way a thermos flask keeps its' contents warm.  

There is a vacuum between the two glass tube layers. The sun’s rays pass through the two layers of glass and heat the absorber inside. The heat cannot escape back outwards because the vacuum prevents it’s transmission. 

This makes for very efficient operation but high manufacturing cost. 

1. This is the header which contains the copper pipes carrying the solar fluid and connections.

2. The outer and inner tubes consist of a high quality solar glass.

3. There is a vacuum between the outer and inner tube. This prevents heat escaping.

4. Inside the inner tube there is a metal absorber which has a special coating designed to absorb the maximum amout of heat.

5. The solar fluid circulates through a copper U shaped tube. The solar heat is transferred to the fluid.

6. A parabolic reflector ensures maximum efficiency as it gathers the suns rays, no matter which direction they come from.

 



	Flat Panel 


Here is a cross section of a flat panel.
The sun’s rays pass through the glass and are absorbed by the flat absorber. 

Tubes which carry the solar liquid are laser welded to the absorber plate. A layer of insulation is mounted behind the absorber.

These panels are not as good at keeping the heat in as the vacuum type but are far less expensive. 

The lower efficiency can be compensated for by installing more area of collector.

1. The solar glass is a special material designed for solar panels.

2. There is an air space between the glass and absorber.

3. The absorber is made from copper or aluminium and coated with a special material top ensure maximum absorption of solar heat.

4. Copper tubes are laser welded to the absorber to ensure that the heat is transferred to the solar fluid.

5. A layer of polyeurethane or rockwool insulation is used to minimise heat loss from the back of the solar panel.
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	Other System components


The other components of the solar system are the water heating tank, pump, expansion vessel and controls. 

1. The water heating tank is the heart of the system. Most modern DHW systems are pressurised although low pressure open systems are installed in many homes.

If a pressurised unvented system is used then the tank must be able to withstand a pressure of about 6 bars pressure is usually needed. In the case of an open system, a twin coil copper cylinder may be used.

There is a choice of tank materials available including stainless steel, copper and enamelled steel. The very best material is 316 grade stainless steel. Tanks made from this material are expensive but very durable, strong and corrosion resistant. An alternative is 304 grade stainless steel but this does not have the corrosion resisting properties of 316 grade SS. Enamelled steel is very widely used all over Europe, but does not have a good reputation in the plumbing trade in parts of Ireland where the water is aggressive. Copper is also an option although it is so expensive that it is really only an option for tanks used for open systems where the amount of material used is relatively small.
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	Solar Station
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 HYPERLINK "https://www.rvr.ie/datastore/solarimages/images/flowcon.jpg" Larger Image

The pump and controls package are also very important. Some installers put their own systems together. However an integrated package of matched components is a much better choice.

The Solar Station includes a pump, flow meter, flow regulating valve, non return valve, manometer air bleed point, safety valve, expansion vessel connection, and connections for filling and draining the system.

It provides a need easily installed, labour saving, pre-assembled package. 

 



	Orientation of Collectors


Collector location issues.
Where possible, collectors should face due south and form an angle of about 50° with the horizontal plane.

If necessary, they can be oriented to any direction between east and west. However the solar energy absorbed will be about 25% less when faced in these directions so larger areas of collector will be needed.
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 HYPERLINK "https://www.rvr.ie/datastore/solarimages/images/orient.jpg" Larger Image
 



	Avoid Shadow

A distance should be maintained between the collector and any obstructions in the path of the sun’s rays.

Specifically, a distance of 2.5 times the height of the obstruction will be needed.
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	Use metal piping systems

Never use any type of plastic pipe with a solar system.

If the sun is shining and the hot water tank is full with hot water or if there is a power failure – there is nowhere for the heat absorbed by the solar panel to go. The temperature of the panel will rise until the heat loss from it equals the heat gain from the sun. 
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This is called the stagnation temperature and may be over 200°C in some cases. This is not a problem as the system includes an expansion vessel which is designed to take the expansion of the solar fluid - however it is essential that the pipe and fittings used can withstand the high temperatures and pressures.. 

Copper or stainless steel should be used. Galvanised steel is not suitable as it will react chemically with the solar fluid. Compression fittings or hard solder should be used for joining. Soft solder is not suitable as it melts at too low a temperature.

The pipes must be insulated in high temperature insulation. Where the pipe insulation is exposed to sunlight, it must be protected against UV light with a UV resistant coating. There are special solar pipe systems available which include two pipes, high temperature insulation, UV resistant coating, and a sensor cable in one neat package. 

 



	Control the system
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Install a good control system
Allow for wiring of the tank and collector temperature sensors. 

A minimum system will require a temperature sensor to be mounted on the solar panels and another one on the bottom third of the water heating tank. The controller compares the temperatures and starts the pump when solar energy is available.

 



	Design Strategy


The economics of solar water heating 

The solar system should be designed to provide all of the household DHW requirements in the summer months.

The system will also make a significant contribution during the spring and autumn months. On average it will produce 60-70% of the hot water heating needs of the household year round. Depending on the home and it's insulation level, 30% - 40% of fuel used is consumed in water heating. A system designed this way could save between 20% and 30% of the total annual fuel cost.
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	Rules of Thumb

When designing a system to provide the full water heating requirement in Summer – the following rule of thumb will generally give a good result:

Allow 0.7m2 to 1 m2 of vacuum collector per person 
OR 
between 1m2 and 1.5 m2 of flat panel collector

Allow 40 – 60 litres of water heating tank capacity per person 

A very typical system for an average household would be a system with about 5 m2 of solar panel and a 300 litre storage tank.

 



	Grants


Greener Homes Scheme
There is a grant available from Sustainable Energy Ireland under the Greener Homes Scheme. This is worth €300 per sq meter of collector. 

Pre-filled application forms are available throughout RVR.ie for all our solar equipment kits.  Further information about the Greener Homes Scheme is available on the SEI web site at www.sei.ie.  All our solar packages are approved for use under the Greener homes Scheme, so by using a registered installer your system will be grant eligible.
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