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Students should be able to:
• demonstrate a practical understanding of the operation 

of flat plate and evacuated tube solar thermal collectors; 

• calculate the amount of roof space typically required for 
a domestic flat plate solar thermal collector, taking the 
following issues into consideration: 

 - solar radiation levels; 
 - shading; 
 - collector type; 
 - family size; and 
 - lifestyle of users; 

• evaluate the benefits to households of installing a flat 
plate solar thermal collector; 

Solar Thermal Systems
The schematic below shows one type of domestic solar 
system.  The collector on the roof captures the solar energy 
and transfers it to the solar fluid flowing through the pipes 
in the collector absorber plate. 

The heated 
fluid is piped 
around the 
loop pipework 
down through 
a heat 
exchanger in 
the base of 
the hot water 
cylinder.  The 
heat exchanger 
is capable 
of warming 
all the water 

in the cylinder during sunny weather by convection.  The 
backup heating boiler is connected to the upper heat 
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Specification Content

Introduction

exchanger and is used to either heat the water from cold in 
winter or bring solar pre-heated water up to the required 
temperature in poorer weather, particularly in spring and 
autumn.

The fluid in the solar loop is generally a water and glycol 
mix, to prevent freezing in the external pipework and 
collector pipes in winter.  The fluid must also tolerate 
temperatures above boiling point during sustained hot 
weather when the cylinder has been brought to maximum 
temperature and the collector is still subject to strong 
sunshine.

The operation of the system is co-ordinated by a differential 
controller that switches the pump on to harvest energy 
when the collector temperature is 6-10 degrees higher than 
the temperature at the base of the hot water cylinder.  The 
pump is switched off when the temperature difference 
falls to 2 degrees or the maximum cylinder temperature is 
reached.

Sunlight passes through the glazing and strikes the 
absorber plate, which heats up, changing solar energy 
into heat energy. The heat is transferred to liquid passing 
through pipes attached to the absorber plate. Absorber 
plates are commonly painted with “selective coatings,” 
these coatings absorb UV and visible radiation, but are poor 
emitters of longer wave infrared so that they retain heat 
much better than ordinary black paint. Absorber plates 
themselves are made from copper, aluminium or stainless 
steel ultrasonically welded to a copper pipe.

Solar Collectors
The principal component of the solar water heating system 
is the solar collector.  Its primary function is to capture 
solar radiation and transfer the heat collected from the 
absorber to the solar loop fluid.  The energy conversions 
in the solar system are dominated by the losses in the 
collector and collector design aims to reduce the optical 
and thermal losses from the collectors.

A flat plate collector, sometimes referred to as a 
“solar panel” is the term used to describe a device that 

©
iS

to
ck

 / 
Th

in
ks

to
ck

.c
om



En
er

gy
 fr

om
 th

e 
Su

n

2

incorporates an essential planar (flat) surface to absorb 
radiation from the Sun.  It will usually be supplied as a 
standard module with surface areas between 1 and 4 
square .metres.

• An absorber plate from which heat can be removed 
by a heat transfer fluid (usually water/antifreeze/ 
inhibitor). 

• A cover which is transparent to solar radiation.

• Insulation at the back and sides of the absorber plate.

• A weather-proof casing to protect the absorber plate 
and its insulation. 

Evacuated Tube Collectors 

There are two main types of construction, the first is a clear 
single-walled tube with a conventional plate absorber 
inside, and the second is a double walled glass tube with 
the absorber coating sprayed onto the inside wall. Because 
this type of collector was developed in the University 
of Sydney, it is commonly referred to as the ‘Sydney’ 
vacuum tube or occasionally as the ‘Phillips’ tube after the 
manufacturer. 

Common (High Efficiency) Tube 
This is a clear single tube that contains a selective absorber 
plate; the tube is evacuated down to a vacuum-level 
normally encountered only in outer space. This virtually 
eliminates the conduction and convection heat losses, 
leaving only the radiation heat losses. These are minimised 
through the use of selective coatings which hinder the 
emission of infra-red heat radiation. This makes this type of 

collector very efficient at retaining heat and hence it is very 
good for high temperature applications.

Sydney Tube
Each Sydney tube consists of two glass tubes made 
normally from borosilicate glass. The outer tube is 
transparent, the inner tube is coated with a selective 
coating (Al-N/Al) which absorbs the solar radiation and 
turns it into heat.

A 40 square metre roof in Ireland will typically receive in 
excess of 37,000 kWh of solar irradiation annually. A typical 
family of four may use approximately 3000 kWh per year to 
heat their domestic hot water and perhaps an additional 
18,000 kWh for space heating (assuming a building heat 
loss of 100W/m2). 
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A solar thermal system has usually an economic and 
practical design limit of providing about 60% of the hot 
water energy demand in the house. Typically 5-6 square 
metres of flat-plate collector will be used to supply this 
energy (and any additional system losses), with an effective 
output of approximately 350 kWh for each metre squared of 
the collector (assuming an average efficiency for flat plate 
collectors of 40%).  

At installer level, rule-of-thumb guides have been employed 
to design systems for hot water production.  They will only 
produce meaningful results for a range of applications that 
do not vary too much from the norm. 

Common Design Guidelines ( 
areas are selective flat-plate aperture areas unless stated) 

Recommendation of 1 - 1.5 m2 of selective flat-plate 
collector per occupant. 
 

For Sydney type collectors allow 0.9 to 1.4 square metre of 
aperture area (which requires 9 to 14 tubes) per occupant.

For high-efficiency vacuum tubes, allow 0.6 to 1.3m2 of 
absorber area per occupant. (which requires 6 to 13 tubes). 

• The upper limit of 1.5 square metre of collector should 
be employed further north in the UK or Ireland to 
maintain a high solar fraction or if the orientation and/
or pitch is not optimum.

 And the higher figure of:

• 30-70 litres of hot water per occupant per day at 45oC 
(equivalent to 21 to 49 litres at 60oC) 

• 50-70 litres of storage per square metre of flat-plate 
collector (with a minimum of 25 litres/square metre) 

Worked Example 
Considering an average family of four in a 160 m2 dwelling, 
the above design guidelines yield;

Collector Area 

 Taking the recommendation of 1 to 1.5 m2 per person, and 
multiplying by 4 people would yield;

4 x (1 – 1.5) = 4 to 6 square metre of flat-plate

Or alternatively;

• 36 to 56 Sydney type vacuum tubes, or

• 24 to 52 High-efficiency vacuum tubes. 

Hot Water Storage Volumes

Firstly working out on the collector size; 50 litres x (4 to 6) sq 
meters yields a guideline of 200 to 300 litres

While from occupancy gives a guideline of 21 -50 litres x 4 
people = 90- 200 litre cylinder depending on usage

To reach 60% percentage coverage of the domestic demand 
requires both a timely use of the auxiliary heating by the 
householder and a degree of management of the hot water 
demand. Solar thermal systems also have wider application 
in public and commercial buildings for hot water 
production or to assist in space heating or even cooling 
applications or in an industrial context to generate higher 
temperatures for process heating applications.  Swimming 
pools can also offer a particularly appropriate application 
for solar heating.

The benefits of installing solar thermal hot water 
systems

1. The energy from the sun is freely available

2. The energy rating for the dwelling and the house value 
will improve/increase 

3. Solar systems are permitted development in most 
locations

4. Government support will be available under the 
Renewable Heat Incentive

5. The supply of hot water available during the summer is 
increased. 

6. The CO2 emissions from hot water preparation will be 
lower

7. Fuel savings of around 10-20% with solar domestic hot 
water systems

8. Fuel cost savings of up to 30% with larger solar 
combined hot water and space-heating systems.  

Disadvantages of installing solar thermal hot water 
systems

1. The system output is weather dependant and seasonal 
and requires an auxiliary heating system

2. The system requires a suitable roof orientation and 
angle

3. The roof must be sound and structurally strong enough

4. The system will require planning approval in some 
circumstances

5. The capital cost of the system is significant

6. System may require professional maintenance (esp. 
pressurised)
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7. Storage locations may not be available for hot water

8. The solar system may not be compatible with the 
existing heating system

9. Unless the system is PV-driven, grid electrical energy is 
still required and the system is low- rather than zero-
carbon. 

1. Using the information contained above as a guide 
construct a flowchart which could be used as a 
template for designing a solar thermal system suitable 
for a typical home.  Your flowchart should show the 
various decisions to be made in the process such as 
solar radiation level, shading, collector type, number of 
occupants, location, size of house, etc. 

2. Using the flowchart from below and using information 
contained in the link http://consolar.co.uk carry out an 
analysis on your own home and calculate how many 
solar panels would be required to provide hot water for 
the your family. 

Pupil Activity
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www.consolar.co.uk/docs/Thermal%20Stores%20-%20System%20sizing%20%282%29.pdf

