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Solar Energy 

 

Earth has a vast and limitless supply of free solar energy provided by the sun.  If this energy could 

be harnessed, it would more than supply the entire energy demand of the whole planet.  Even in the 

UK incoming solar radiation is equivalent to 1000kwh/m²/year, more than enough energy to meet 

the needs of the country. 

 

Solar energy can be collected in three ways: solar thermal which uses the energy to heat water, 

photovoltaic (PV) which creates electricity, and passive solar, whereby the incoming radiation is 

used for ambient heating.   

 

Passive solar gain is easily increased through effective building design, positioning windows so that 

they attract as much solar radiation as possible.  The other two technologies are much more 

expensive; however, it is to these technologies that we must look to most successfully harness the 

sun’s energy. 

 

There is a demand for 155 000 new homes every year in the UK until 2010, and probably far 

beyond, as the ratio of houses to people in the UK is still lower than in much of Europe.  In the 

2003 Energy White paper (DTI, 2003), the Government pledged to improve the energy efficiency of 

new homes.  The building regulations were to be improved with effect from 2005.  Increased 

passive solar design is an important part of this and requires buildings to be built on a north-south 

aspect.  This is also the best aspect for solar panels as a south facing rooftop, at a 30º-45º slant, 

generally receives the most solar radiation. 

 

Retrofitting of solar panels is inherently more expensive and time consuming than incorporating 

them on new houses.  To this end, the best target market for solar technology is on new houses, as 

they can be built to face the sun and can have the panels installed more easily and cheaply.  PV can 

also be integrated into the roof tiles, thus replacing the need for conventional roofing tiles.  The cost 

of the PV tiles can then be partly offset by the savings to industry of not needing conventional tiles.  

The costs of labour are also reduced as workers are already working on the building.  By making 

solar technology a mandatory requirement for all new buildings, the cost is spread across the 

industry and does not harm individual contractors.  Part of the cost can also be passed onto the 

customer through slightly increased house prices.   
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PV 

 

In 2003, PV electricity generation stood at 3Gwh (DTI, 2004), or 0.01 PJ.  Assuming panel 

efficiency of 9% (this efficiency has been proven in studies at the University of Southampton 

(2005)) and solar radiation of 1000kwh/m²/year, a 20m² PV panel can produce 1800kwh/year.  If all 

of the 155 000 new homes constructed each year were so equipped, it would be possible to generate 

0.279Twh/year or a little over 1PJ.  If this rate of build were continued for 25 years, there would be 

generating capacity 

equivalent to 25PJ in 

2030 (Fig. 1).  There are 

22 million homes in the 

UK, assuming that ¼ of 

these have suitable 

southerly facing rooftops 

there are 5.5 million 

rooftops to which solar 

panels could potentially 

be retrofitted.  Were 1% of these rooftops to be fitted with a 20m² PV panel each year then an extra 

0.36PJ would be created annually.  If this could be increased to 3% then that would provide 

1.1PJ/year.  There would be generating capacity equivalent to 52PJ in 2030 if a 20m² PV panel 

were to be fitted to every new house and 3% of existing southerly facing houses in each of the 25 

years until then (Fig. 1).  If a 10m² panel were fitted to every house then the energy generation 

would be half of this, a 5m² panel, a quarter.   

 

The Renewables Obligation requires that by 2010, 10% of total electricity generation is to be from 

renewable sources this amounts to 33.6Twh.  If every new house between 2006 and 2010 were built 

with a 20m² PV panel then by 2010 there would be 1.4Twh generated by PV or 4.2% of the 

Renewables Obligation. 

 

This projection makes no account of expected increases in panel efficiency.  The 9% efficiency 

being used in this analysis is quite low.  Panels are already being produced which claim 14% 

efficiency (BP Solar, 2004), and more than 30% efficiency has been obtained from laboratory tests 

(Green et al., 2003).  If improvements in efficiency of a third above the base level 9% could be 

PV Output

0

10

20

30

40

50

60

2003 2010 2015 2020 2025 2030

Year

P
J

all new houses 

all new +1%

all new +2%

all new +3%

 

Fig. 1 



Rhys Howell – ENV 2E02 – Advisor: Tim Jickells 

3 

achieved every 5 

years (i.e. panels 

convert 3% more of 

the solar radiation 

into useful energy 

every 5 years) then by 

2025 panels would be 

twice as efficient as 

they are today.  With 

the same build rate as 

above, these 

improvements in efficiency would significantly increase the amount of energy extracted from PV 

(Fig. 2).  Between 42PJ and 86PJ could be achieved depending upon the rate of panel construction.   

 

Solar Thermal  

           

Solar thermal technology uses the energy from solar radiation to heat water.  Households with a 

solar thermal panel can get a substantial proportion of their water heating energy requirement from 

the sun.  To calculate the potential for solar thermal it is required to assess the Domestic Hot Water 

(DHW) demand.  Assuming that water enters a house at 10°C and is drawn off at 55°C it is 

necessary to heat it by 45°C.  The specific heat capacity of water is 4.1868J/kg/°C and taking an 

average DHW demand of 170 litres per day, each house requires 32MJ/day for DHW or 

11.7GJ/year (3.25Mwh/year). 

 

Solar thermal panels have been proven to operate at 25% efficiency (DTI, 2001), thus a 5m² panel 

can produce 1.25Mwh/year – a solar fraction of 38%.  The solar fraction is the percentage of the 

energy demand that is provided by the solar panel.  The solar fraction can be greatly improved by 

reducing DHW usage and is also affected by seasonal variations in DHW use.  In summer there is 

often more available solar energy than is needed for water heating, whilst in winter there is less 

solar radiation.  Therefore, to make the panel most efficient it would be sensible to use more hot 

water in the summer than the winter, however, this is rarely the case.  By reducing the DHW 

demand to 100 litres the solar fraction can be increased to 65% and the subsequent energy 

PV Output - Improved Efficiency Scenario
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requirement from other sources reduced by two-thirds.  This is very significant from an energy 

conservation perspective. 

 

In 2003, solar thermal technology supplied 0.91PJ of heat energy (DTI, 2004).  This is 91 times 

more than PV and shows that solar thermal is a much more established technology, however, as 

with PV, there is substantial potential for enormous increases in solar thermal uptake.   

 

Installing a solar thermal 

panel on each of the 155 000 

new houses built each year 

would generate 0.19Twh/year 

or 0.7PJ.  Were this rate of 

installation to be maintained 

until 2030, then there would 

be 17.4PJ of generation in 

place by that year (Fig. 3).  If 

in addition, 3% of the 5.5 

million houses with a 

southerly aspect could have a 

solar thermal panel installed 

every year, then an extra 

18.6PJ would be generated in 

2030 bringing the total to 

36PJ (Fig. 3). 

 

As with PV, it can be 

expected that there will be improvements in efficiency over time.  Assuming that efficiency 

improves by a fifth of the base efficiency of 25% (5%) every 5 years then by 2030 the panels will 

be 45% efficient.  If all new houses were built with a solar thermal panel and efficiency improves at 

this rate, then in 2030 solar thermal will provide 24PJ (Fig. 4).  Retrofitting solar thermal panels to 

3% of existing southerly facing houses would generate an additional 0.74PJ/year and an extra 26PJ 

in 2030 bringing the total to 50PJ. 
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Choosing and Costing a Scenario 

 

Solar panels currently cost about £1000m² fully installed.  Under the current Clear Skies scheme the 

Government meets 50% of the cost whilst the householder pays the other 50%.  Even with this 50% 

grant the payback of the panel is in the region of 50 years.  This makes it uneconomic for the public 

to invest in solar technology.  The few people who are doing so are acting out of environmental 

concern rather than financial prudence.  If mass take up of solar technology is to be achieved the 

Government will have to further underwrite the cost of installing the technology to encourage 

homeowners to convert.  This is another reason why it is necessary to target new homes as pressure 

can be applied to industry to make them comply, instead of having to encourage homeowners to 

retrofit. 

 

The cost of installing a 5m² solar thermal panel to each new house would be £775 million a year.  

This is only £5000 per house and the majority of this cost could be absorbed by industry.  If the 

Government had to finance 20% of this that would work out at £155 million a year.  155 000 panels 

will produce 17.4PJ throughout the course of their 25 year lifetime.  This works out at £44.44 

million per PJ, and if industry bears 80% of the cost only £8.88 million to Government.  

Retrofitting solar thermal technology to 1% of existing southerly facing houses would cost £275 

million/year.  Government would have to meet approximately 80% of this cost to make it 

economically viable to homeowners. 

 

PV is more expensive per PJ than solar thermal due to its lower efficiency.  However, if you need to 

create electricity, rather than heat, in order to meet renewables targets then PV will be necessary.  A 

20m² PV panel costs £20 000.  To install one to every new home would cost £3.1 billion/year.  

Again industry could bear some of this cost, but it would be necessary for Government to invest 

heavily as well.  It is cheaper to use smaller panels, but as this reduces the level of electricity 

generation it is more sensible to use large panels.  Energy generation using PV costs £123 million 

per PJ over the panel’s lifetime, at its current efficiency, three times more than solar thermal.  

Retrofitting 20m² PV to 1% of existing suitable rooftops would cost £1.1 billion/year.  Again 

Government would have to subsidise this heavily to encourage uptake amongst homeowners. 

 

As mentioned before, it is easier to apply solar panels to a new house than to retrofit.  It is necessary 

to decide what level of retrofitting is realistic.  It takes two workers up to two days to retrofit a solar 



Rhys Howell – ENV 2E02 – Advisor: Tim Jickells 

6 

panel.  3% of existing southerly facing buildings represents 165 000 houses.  In order to achieve 

this level of take up it is necessary to install 900 panels every two days.  Allowing for weekends and 

holidays this would require a workforce of over 2500.  This number is practically feasible, but it 

would take time to train and recruit the workers.  It is therefore unlikely that the construction rate 

will be constant over the 25-year period.  Initially construction levels may be lower and then over 

time it can be expected that this rate will rise.   

 

Table 1:  Projected Solar Energy Outputs Under Different Scenarios 

 PV Solar Thermal 

Year A B C D A B C D 

2003 0.01 0.01 0.01 0.01 0.91 0.91 0.91 0.91 

2010 5 10 5 10 3.5 7 3.5 7.2 

2015 10 20 11.7 24 7 14.5 7.7 15.8 

2020 15 31 20 41.5 10.5 21.6 12.5 26 

2025 20 42 30 62 14 29 18 37.5 

2030 25 52 42 86.4 17.5 36 24.5 50.4 

Scenario A - New Houses, Scenario B - New Houses + 3%, Scenario C - New Houses - Improved Efficiency, Scenario 

D- New Houses + 3% - Improved Efficiency.  All values in PJ. 

 

The level of energy generation achieved from solar will depend solely on how much money 

Government is willing to invest in it.  The potential resource is limitless and there is ample available 

roof space upon which to install solar panels.  It is up to Government to decide whether we follow 

scenario A (Table 1) or even fall below this level, or whether scenario D is achieved or even 

exceeded.  It can be expected that with sufficient economic input efficiency will improve and also 

that production costs will decrease as production is undertaken on a greater scale.  Therefore, it is 

likely that solar energy generation will not rise linearly as this analysis assumes, but exponentially 

as it becomes cheaper, more efficient and the installation workforce grows.  The limit to solar 

energy generation is dependent entirely upon economics and political will. 
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