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The potential of solar energy in the UK 

1.0 Introduction 

By maintaining the Earth’s surface at a temperature warm enough to support human life solar energy 

already makes an enormous and frequently unappreciated contribution to our energy needs.  Until 

recently solar energy has been largely ignored in UK national energy policy.  It is a common 

misconception that the successful exploitation of solar energy is confined to lower latitude countries with 

warmer climates than that of the UK.  Solar energy is an energy source with significant potential in all 

parts of Europe including the UK.  Each year the UK receives more solar energy than is frequently 

imagined.  Annually on average the UK receives 950 kWh, equivalent to 3.42 GJ, of solar radiation per 

square metre.  Figure 1.1 illustrates the average annual solar radiation received in the British Isles per 

square metre. 

 

Figure 1.1:  Average annual solar radiation in kWh received in the British Isles per square metre.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taken from:  http://www.greenenergy.org.uk/sta/solarenergy/ukresource.htm 

 

However wide variation between summer and winter radiation and frequent overcast weather conditions 

means that solar radiation received in the UK is of an intermittent and disperse nature, consequently 

harnessing solar energy of this nature is difficult and expensive.   

 



Name:  Cynthia Sullivan 
Number:  0237728 
Advisor:  Dr. A. Matthews 
Unit:  ENV 2E02 Energy Resources 
Set by:  Dr. N. K. Tovey 

 
The nature of the solar radiation received in the UK also prevents the exploitation of solar energy on a 

large scale.  Solar energy reaches the Earth’s surface in the form of both diffuse and direct radiation.  In 

areas where direct radiation dominates technologies can be used to create high temperatures to power 

large scale processes such as electric power generation from steam driven turbines.  However in Europe 

40% of the radiation received is diffuse, thus making such large scale exploitation of solar energy 

uneconomical.  Solar systems used within the UK are therefore designed to maximise the potential of 

diffuse radiation on a domestic scale.   

 

1.1 Background Information 

Solar energy can be harnessed in two ways, through passive or active measures.  Passive measures aim 

to utilise the solar radiation reaching buildings through and minimise heat losses through their form and 

fabric.  Active measures involve the integration of solar energy systems within buildings.  These systems 

harness the solar radiation in two ways:  through the heating of water, from here on solar thermal, or 

through the generation of electrical current, from here on solar electric.   

 

Projections of the potential of both solar thermal and solar electric systems on a domestic scale within the 

UK have been made until the year 2030.  The two forms of energy have been addressed individually, the 

results of which have been collated at the end.  As this project will show there is true potential for solar 

energy to make a not insignificant contribution to our domestic energy needs.   

 

2.0 Solar Thermal 

Solar collectors, typically installed on the roofs of buildings, transform solar radiation into heat primarily 

used for heating water in domestic dwellings.  Solar collectors can be easily retrofitted and combined with 

existing conventional water heating systems.  

 

There are several types of solar collectors available on the market, the most common of which is the flat 

plate collector.  Collector size can vary depending on demand but on average tends to be 2.5 m
2 
for 

domestic properties.  Performance of collectors can also vary but an output in the range of 425-500 kWh 

per m
2 
can be expected.  Layers of glass and thermal insulation on rear and side panels reduce losses.  

On average, purchase and installation of a flat plate collector costs £3,000.  Government Clear Skies 

grants are available to subsidise the cost of purchase and installation.  Currently this stands at £400; 

however this fails to reduce the payback period and leaves it in excess of 20 years.  A grant in the region 

£500 - £1,000 would be needed to reduce the payback period to less than 20 years. 

 

Performance records kept of operating flat plate collectors have shown they can provide up to 

approximately 40% of the average household’s hot water requirements, however there are factors that 
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can influence this proportion such as radiation received, weather conditions and any time spent on 

maintenance. 

 

2.1 Scenarios 

To try to reflect a range of possible future scenarios three projections for the future potential of solar 

thermal energy were made.  These included: optimistic, pessimistic and probable scenarios. 

o Optimistic: 

All new build and all existing suitable houses to receive 2.5m
2
 flat plate collectors.  Between now and 

2030 all existing suitable houses to be fitted with a solar collector.  The rate of installation will increase 

with time to reflect the growth of the industry. 

o Pessimistic: 

All newly built houses to receive 2.5m
2
 flat plate collectors.   

o Probable: 

All newly built houses and 50% of existing suitable houses to receive 2.5m
2
 flat plate collectors.  

 

2.2 Assumptions 

As when making any projections it is necessary to make a series of justifiable assumptions regarding 

future conditions. 

o Collector: 

The collector to be installed will be a conventional 2.5m
2 
flat plate collector. 

o Cost: 

Each project will cost £3,000 and the Clear Skies Grant will be improved to £800.  

o Number of suitable properties: 

There are several criteria that a property must meet in order to be a suitable location for a solar hot water 

collector.  The property must have a south facing aspect free from shade.  This must be at a minimum 

angle of 25° - 30°.  Flats are frequently unsuitable locations for hot water collectors for several reasons.  

Flats are inherently densely populated and therefore have a high daily hot water requirement.  

Consequently a large and therefore expensive collector would be required.  If the money could be found to 

fund the project then the roof space must also be found.  If the roof space is available this then must face 

south at an angle of 25° - 30°.  Flats by their very nature tend to have flat roofs, although this could be 

overcome with simple engineering this would again add to the cost of the project.  Overall it was assumed 

that flats would not be included within the projections as they would account for an insignificant proportion 

of potential suitable properties.  The 2004 Barker Review Report on Housing stated that 20% of the 21.14 

million dwellings in the UK are flats. 
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Calculation of number of suitable properties:   

Total number of properties in 2003 = 21,140,000 

Number of flats = 4,228,000 

Number of suitable properties = 16,912,000 

Proportion assumed to have a south facing aspect = 50%  

 

o Growth of properties: 

Barker Review stated that due to the natural replacement of buildings and the changing structure of our 

society properties within the UK are expected to grow at a rate of 155,000 per year between 1996 and 

2021.  It was assumed that this rate of growth would continue until 2030.  The Office of the Deputy Prime 

Minister also announced in July 2004 plans to build an additional 200,000 homes in the south of England.  

The Barker Review stated that to meet these targets house building between 2006 and 2016 would have 

to increase by 20,000 per year.  It was assumed that properties to be built during this period would be built 

to incorporate a south facing aspect within their design and all would therefore be eligible for solar 

collectors.       

o Daily hot water requirements: 

It was assumed that each suitable household would consume the mean daily hot water requirement of 

140 litres.   

o Energy requirements: 

Domestic hot water must be raised to a temperature of 55°C before use.  Cold water entering the system 

is assumed to be at a temperature of 10°C, therefore a temperature increase of 45°C is required from the 

water heating system installed.  The daily energy required from a conventional water heating system to do 

this was derived from the following calculation: 

= (kilograms of water * specific heat capacity of water * temperature increase) / boiler efficiency 

= (140 kg * 4186.8 Jkg
-1

°C
-1

 * 45°C) 

= 26376840 J 

= 26.38 MJ required to fulfill mean daily hot water requirements per property 

Annual energy requirement = number of days * daily energy requirement 

= 365 * 26.38 MJ 

=9.63 GJ 

 

o Proportion of hot water requirements to be from collector: 

As discussed earlier observations of operating solar collectors have shown them to be able to meet 

approximately 40% of annual hot water needs.  The following case study shows such an example of this 

observation.   
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Case Study: 

Location, Norwich, longitude 1.3 latitude: 52.63 

Average annual solar radiation 950 kWh m
-2

 

Collector size = 2.5m
2 

950 kWh obtained in one year 

140 litres of hot water used per day = 26.38 GJ required to meet daily hot water requirements 

                                            = 9.63 GJ per annum  

                                            = 2674.53 kWh 

950 kWh obtained / 2674.53 kWh required = 35.52% of need, before existing system efficiency 

 

It was therefore assumed that on average solar collectors would provide 40% of the annual hot water 

requirements of each suitable household.   

 

2.3 Projection Results 

Optimistic: 

Year 
Heat 

Generated 
(PJ) 

Existing 
Capacity 

(PJ) 

Total Heat 
Capacity 

(PJ) 
Cost 

2000 1.58 0.4995 2.084 £288,066,667 

2005 9.68 0.891 10.570 £298,400,000 

2010 18.77 - 19.658 £336,266,667 

2015 28.24 - 29.134 £354,133,333 

2020 37.60 - 38.496 £344,466,667 

2025 47.35 - 48.244 £361,000,000 

2030 57.19 - 58.084 £371,333,333 

 

Expenditure £10,739,866,667 

Budget £40,000,000,000 

Remaining £29,260,133,333 
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Pessimistic: 

Year 
Heat 

Generated 
(PJ) 

Existing 
Capacity 

(PJ) 

Total Heat 
Capacity 

(PJ) 
Cost 

2000 0.85 0.4995 1.35 £155,000,000 

2005 5.12 0.891 6.01 £155,000,000 

2010 9.93 - 10.82 £175,000,000 

2015 14.74 - 15.63 £175,000,000 

2020 19.01 - 19.90 £155,000,000 

2025 23.27 - 24.16 £155,000,000 

2030 27.53 - 28.42 £155,000,000 

 

Expenditure £5,005,000,000 

Budget £40,000,000,000 

Remaining £34,995,000,000 

 

Probable: 

Year 
Heat 

Generated 
(PJ) 

Existing 
Capacity 

(PJ) 

Total Heat 
Capacity 

(PJ) 
Cost 

2000 0.85 0.4995 1.35 £155,000,000 

2005 8.99 0.891 9.88 £155,000,000 

2010 17.68 - 18.66 £175,000,000 

2015 26.37 - 27.26 £175,000,000 

2020 34.51 - 35.40 £155,000,000 

2025 42.65 - 43.54 £155,000,000 

2030 50.79 - 51.68 £155,000,000 

 

Expenditure £9,373,933,333 

Budget £40,000,000,000 

Remaining £30,626,066,667 
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Figure 2.1:  Trends in solar thermal capacity under three projected scenarios between 2000 and 2030  

Active Solar Heating Capacity 1990 - 2030 (PJ)
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2.4 Summary: 

The projections have shown that there is potential for domestic scale solar thermal energy to make a not 

insignificant contribution to our thermal energy requirements.  However this comes at a significant cost.  

Under the optimistic scenario in which 58.084 PJ could be generated almost £11 billion of investment 

would be required.  Much greater yields of energy could be achieved from the same investment in 

alternative sources of renewable energy.  The probable scenario paints a more likely picture.  51.68 PJ of 

thermal energy could be generated at the reduced cost of a little over £9 billion.  It would be unlikely that 

the Government would be prepared to spend an additional £1.4 billion required to achieve the optimistic 

scenario to obtain an increase in capacity of 12.4%.  More affordable and cost effective exploitation of 

solar thermal energy could come from the reduction of costs involved with solar thermal technology.   

 

However there are additional benefits to the implementation of renewable energy generation on a 

domestic scale that may not be represented in the numbers generated by the projections.  By encouraging 

individuals to take responsibility for their energy consumption and the sources of energy that will meet 

these requirements an increased level of ownership and responsibility may be instilled in the individual.  

Increased awareness of the problems posed by conventional fossil fuel energy generation and their 

consequences may motivate people to make changes to their lifestyles and pave the way for public 

support encouragement of large scale renewable energy schemes.    
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3.0 Solar Electric: 

Electricity generated from photovoltaics is a rapidly developing technology and can provide all or some of 

a property’s electrical needs.  Photovoltaic materials generate direct current electrical power when 

exposed to photons in solar radiation.  Typically photovoltaics are integrated into the facades or roofs of 

buildings, and must be south facing and free from shade.  These systems are characterised by their high 

costs, an 8m2 area of photovoltaics costs in the region of £8,000.  As with solar collector projects, there 

are Clear Skies grants available.  Currently the grant offers £4,000 towards the project cost; however this 

fails to reduce the payback period to less than 20 years.  A 75% grant would be needed to achieve a 

payback period of less than 20 years.  The price of photovoltaics is expected to fall as the industry grows 

with demand; by 2015 the price of such systems is expected to have fallen by 50%.  Average performance 

of photovoltaics gives 80 kWh, 0.29 GJ per m
2
. 

 

3.1 Scenarios: 

As with solar thermal three future scenarios for the capacity of solar electric were projected, these 

included: optimistic, pessimistic and probable scenarios. 

o Optimistic:  

15m
2
 photovoltaic are for all newly built houses. 

o Pessimistic:  

8m
2
 photovoltaic are for all newly built houses. 

o Probable: 

12m
2
 photovoltaic are for all newly built houses. 

 

3.2 Assumptions: 

As when making any projections it is necessary to make a series of justifiable assumptions regarding 

future conditions. 

o Cost: 

£8,000 per project, but Clear Skies Grant would be improved to 75% of project costs.  Project price will fall 

to half price by 2015, grant will fall accordingly.  

o Number of suitable properties: 

Given the high capital cost of photovoltaics and the allocated maximum budget of £40,000,000,000 it is 

economically impracticable to retrofit photovoltaics in existing suitable buildings.  Instead PV areas of 

varying sizes depending on the scenario will be integrated into the design of new properties.     

o Growth of properties: 

The same figures used for the forecast growth of properties within the solar thermal projections have been 

utilised for the solar electric projections.  Again all properties to be built will be built to incorporate a south 

facing aspect to enable the installation of a PV area. 
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3.3 Projection Results: 

Optimistic: 

Year 
Electricity 
Generated 

(PJ) 

Existing 
Capacity 

(PJ) 

Total Electricity 
Capacity 

(PJ) 
Cost 

2000 0.670 0.0045 0.674 £1,743,750,000 

2005 4.018 0.0135 4.031 £1,743,750,000 

2010 7.798 - 7.811 £984,375,000 

2015 11.578 - 11.591 £984,375,000 

2020 14.926 - 14.939 £871,875,000 

2025 18.274 - 18.287 £871,875,000 

2030 21.622 - 21.635 £871,875,000 

 

Expenditure £35,353,125,000 

Budget £40,000,000,000 

Remaining £4,646,875,000 

 

Pessimistic: 

Year 
Electricity 
Generated 

(PJ) 

Existing 
Capacity 

(PJ) 

Total 
Electricity 
Capacity 

(PJ) 

Cost 

2000 0.357 0.0045 0.362 £930,000,000 

2005 2.143 0.0135 2.156 £930,000,000 

2010 4.159 - 4.172 £525,000,000 

2015 6.175 - 6.188 £525,000,000 

2020 7.960 - 7.974 £465,000,000 

2025 9.746 - 9.759 £465,000,000 

2030 11.532 - 11.54 £465,000,000 

 

Expenditure £18,855,000,000 

Budget £40,000,000,000 

Remaining £21,145,000,000 
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Probable: 

Year 
Electricity 
Generated 

(PJ) 

Existing 
Capacity 

(PJ) 

Total 
Electricity 
Capacity 

(PJ) 

Cost 

2000 0.536 0.0045 0.540 £1,395,000,000 

2005 3.214 0.0135 3.228 £1,395,000,000 

2010 6.238 - 6.252 £787,500,000 

2015 9.262 - 9.276 £787,500,000 

2020 11.940 - 11.954 £697,500,000 

2025 14.619 - 14.632 £697,500,000 

2030 17.297 - 17.311 £697,500,000 

 

Expenditure £28,545,000,000 

Budget £40,000,000,000 

Remaining £11,455,000,000 

 

Figure 3.1:  Trends in solar thermal capacity under three projected scenarios between 2000 and 2030    

Solar Electric Capacity 2000 - 2030 PJ
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3.4 Summary: 

The problems identified under the solar thermal projections are present in the solar electric projections, 

and to a greater extent.  The costs associated with the installation of photovoltaics are major, and are 
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probably a significant contribution to the reasons behind their continued lack of uptake.  The costs 

associated with retrofitting existing suitable houses with PV panels with even the smallest of areas are 

huge and not possible within the allocated budget of £40 billion, even when the forecast decrease in price 

is taken into account.  The costs associated with the installation of all newly built houses with the smallest 

effective area of photovoltaics  of 8m
2 
is in excess of £18 billion.  This would result in the generation of 

only 11.54 PJ of electricity.  The installation of the larger 20m
2
 panel would cost an additional £16.5 billion 

and only create an additional 10.095 PJ, bringing total electricity generated to 21.635 PJ.  The probable 

scenario of installing all newly built houses with a 12m
2
 PV area would cost more than £28.5 billion and 

generate 17.311 PJ.  It is extremely unlikely that more than half of the £40 billion budget would be spent 

on creating 17.311 PJ of electricity.  This money could be spent elsewhere and achieve far greater results.  

It is only through the significant decrease in the costs of photovoltaics that solar electric would become a 

financially viable resource of electricity.   

 

4.0 Overview: 

 

Scenario 

Optimistic Pessimistic Probable 

Capacity 

Thermal 58.084 28.42 51.68 

Electric 21.635 11.54 17.311 

Total 79.719 39.96 68.991 

Cost £46,092,991,660 £23,860,000,000 £30,791,893,333 

  

Given the budget of £40 billion the optimistic scenario for both solar thermal and electric is not possible, 

however significantly better results would be obtained than the probable and pessimistic scenarios.  The 

probable scenario would create almost 70 PJ of energy however at a cost of more than three quarters of 

the £40 billion budget it is unlikely to win support.  By 2030 total domestic energy demand is forecast to be 

3039 PJ, solar energy therefore represents a minor proportion of the future demand, but at a significant 

cost. 

 

5.0 The Future: 

The projections have shown that the exploitation of solar energy will come at a cost, particularly solar 

electric.  However there has been shown to be some justification behind the continued exploitation of solar 

thermal.  A far greater output from domestic solar collectors can be achieved at a much reduced cost 

when compared to domestic solar electric schemes.   

 



Name:  Cynthia Sullivan 
Number:  0237728 
Advisor:  Dr. A. Matthews 
Unit:  ENV 2E02 Energy Resources 
Set by:  Dr. N. K. Tovey 

 
The potential for successful exploitation of domestic solar water heating improves again when case 

studies of community based solar water heating on continental Europe are taken into consideration. 

 

A solar water heating system was integrated into the existing hot water system of a multi-family residential 

building in Altmünster, Austria.  Of the 14 homeowners living within the complex one was not willing to 

pay, this share of the cost was distributed amongst the remaining homeowners.   

 

A total of 50 m
2
 of solar collectors were installed with a special coating to produce high amounts of energy 

during periods of minimal sunshine.  The modular design of the solar water heating system means that it 

is easy to increase collector surface area.   The project cost 300,000 Austrian Shillings, £12,600.  26% of 

the funding came from a community loan.  Between 1994 and 1995, 19 kWh, equivalent to 68.4 MJ of 

heat were generated covering 48.5% of the year’s needs. 

 

The small scale domestic schemes envisaged under the projections generated 1 joule of additional 

thermal energy at a cost of £1700.28 per joule of thermal energy generated, conversely the Austrian 

scheme generated 1 joule of thermal energy at a cost of just £0.00018.  Perhaps this is an indication of 

the way forward for solar thermal energy.  The Austrian scheme has shown that community schemes 

generate thermal energy at a much reduced cost compared to small scale domestic schemes.  Much 

more could be achieved with the £40 billion budget from community schemes.     

  


