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Renewable energy is certainly clean but can it answer all our needs, and do so at 
reasonable cost, without nuclear, and, the biggest challenge, when the wind 
doesn’t blow and the sun doesn’t shine? Yes – is the short answer. There is a 
need for optimism and I hope here to bring arguments to show that it’s justified.  
 

Climate change is largely (75%) driven by the burning of fossil fuels which we 
need now to reduce by 10% per year.1 High energy consumption is a feature of 
our industrialised lives. A rapid transformation is clearly needed. As Pope 
Francis says in his encyclical ‘Laudato Si’ it’s a transformation both of the heart 
and of our relationship with the natural world. Yes, that is essential– but, 
directed by that new attitude, how far can technology take us? Look at the 
revolution in mobile phone technology where non-industrialised countries have 
skipped the landline stage altogether and mobile ownership is very high.  Is a 
change on this scale possible in developing clean energy systems?   Perhaps 
those same countries can avoid expensive high power grids and be powered by 
domestic or village scale clean energy & very local distribution systems.  And 
what does this say of the UK’s recent decision on a grid-dependent centralised 
new nuclear power station at Hinkley Point? 

 

 

Plant Type Climate Impact Cost 

 gCO2e/kWh* $/MWh 

  
 

Low High 

Solar PV-Rooftop Residential 
 

180 265 

Solar PV-Crystalline Utility Scale 46 72 86 

Biomass Direct 18 87 116 

Wind Onshore 12 37 81 

Wind Offshore 24  81  155  

Nuclear  16 106 120 

Coal (without scrubbing) 1001 66 151 

Gas Combined Cycle 469 61 87 

Hydroelectric 4   

 

Climate Impact and Typical Cost Range for Generating Plant (Source: Lazard’s 
Bank 2014)  
 

Renewable energy emits far less greenhouse gases (measured in grammes of CO2 

equivalent/ kWh electrical power) than fossil fuel generating plant. The first 
column of the table above includes all the inputs including mining and 
processing the materials that contribute to overall emissions of CO2. Wind 



turbines produce 1/80th of the pollution of a coal-fired power station, 1/40th of 
gas-fired.  
 

The figures are averages and wide deviations can be expected. This is also a 
short list compared with the many variants of renewable energy. Many are 
omitted here for brevity, and because they are relatively small resources (tidal 
and indigenous biomass), or because development is problematic (wave energy). 
(See Note 1.).  The focus is on wind and solar, being globally significant.  Also, 
these are considered in a UK context, which is an interesting case because it is 
densely populated but has a big wind resource. 
 

Is renewable energy cost effective? 

Underlying the figures of this apparently hard-nosed business question there is a 
multitude of subjective assumptions about now and the future. These include: 
interest rate on capital; running costs; relative cost of inputs like steel; subsidies 
hidden and overt; and the cost reduction curve on new technologies. In 
calculations, it’s usually assumed that the climate will remain stable, but last year 
in the UK offshore plant made 15% more energy than expected due to higher 
winds. Nuclear costs often omit insurance, decommissioning and waste 
containment.  
 

All types of renewable energy tend to be very site-specific: a diesel generator can 
be operated almost regardless of local conditions, whereas a wind turbine is 
much better in a windy place. The 4km strip of land on the UK south coast has 
significantly clearer skies and therefore more solar energy, than just inland. The 
effectiveness and economics are strongly affected by local and regional 
geography so correct siting is part of the science. 
 

Critics of renewable energy make much of the subsidies for wind, but these were 
only 35p per UK household per week in recent years, dwarfed by swings in gas 
prices. Meanwhile, direct fossil fuel subsidies globally were $493 billion, over 
four times those given to renewables,2 a gross market distortion which is not 
reflected in the relative costs per kWh. If external factors such as climate, health 
impacts and military conflict over oil resources, are included, then according to 
the IMF, fossil fuel subsidies total $5.3 trillion annually.  
 

All that aside, onshore wind and solar can still offer the lowest costs of energy 
given good site conditions without subsidies. Costs are reducing rapidly. In the 
period 2010-2015, the cost of wind energy dropped by 30%.  The fall of solar 
cost is more dramatic, about twice as fast. In the time it has taken even to decide 
whether or not to build Hinkley Point C, the cost of solar has more than halved 
while that of nuclear has at least doubled. The continual reduction in solar costs 
is a key source of optimism. It has meant that India, Nigeria and Zimbabwe, 
among other countries, can afford electricity without relying on expensive and 
unreliable power grids.  
 

http://www.imf.org/external/pubs/ft/survey/so/2015/NEW070215A.htm
http://www.imf.org/external/pubs/ft/survey/so/2015/NEW070215A.htm


 
Fig.1  Cost trends for Solar PV and Nuclear 
 

Much more cost in support structure and maintenance is needed for offshore 
wind, which is only partly offset by the higher and steadier wind speeds. Its cost 
has been on a par with new nuclear, but is falling: 72.7euro/MWh bid for an 
offshore wind farm in July 2016 (Dong Energy for a Dutch Windfarm) with 
Hinkley C at 107euro/MWh.  
 

The Global Status 

“Renewable sources of energy now stand poised to lead the world in new 
electricity supply.”3 In terms of new plant renewable energy (RE) has outstripped 
fossil fuels (FF) every year since 2013, in 2015 by 50% led particularly by wind 
(1/3rd) and solar (1/3rd). Small countries like Portugal have had 100% of their 
generation from renewables for many days at a time. In the UK RE is now 
generating more electricity than either coal, oil, gas or nuclear and 30% of 
German electricity is from RE.  

 

Source: Bloomberg New Energy Finance 

Fig.1  New Generating Plant Installed annually, worldwide  
 

Wind  
Wind has become a major source of power worldwide, with an amazing growth 
rate: 63MW was installed last year and about half of this is in China. (35GW is the 
UK’s average demand; 1GW=1million kW or about 300,000 electric kettles.)  



 
 

Wind power has been used for thousands of years, for grinding corn and 
pumping water, but the development of wind turbine generators for electricity 
began with the “oil shocks” of 1972-4. A current 2016 wind turbine looks similar 
to one built in 1980, though it is way beyond in size and sophistication. A typical 
early version had a 15m diameter rotor on a 20m tower and had a 60kW peak 
output. Now a 110m rotor on 100m tower and 2000kW is normal. Offshore, 
where economics favour size, 164m rotors and 8000kW are the new ‘normal’ ; 
this is actually the largest rotating machinery ever made.  
 

 
Figure 3  Typical Wind Turbine103m diameter, 3200kW 3 blade  

 

The design life was 20 years but many older wind turbines have now exceeded 
that. These are being ‘re-lifed’, checked and re-commissioned. As plant is already 
paid for, electricity in the extra years is really cheap! When finally at the end of 
its life, much of the material, which is steel, can be recycled, the site can be 
levelled, the concrete base extracted and the land re-seeded. The turbine bases in 
fact take only 1% of land area and agriculture can go on underneath undisturbed, 
a second ‘crop’. 
 

There are other substantial benefits with wind: job generation (38,000 in the UK, 
50/50 on/offshore); energy independence; high certainty of future cost; 



improved air quality; and avoided extraction damage. For the local community too 

there are jobs and an annual fund, typically £250,000 in the UK. 
 

Objections lodged on the grounds of visual aesthetics tend to drive siting in the 
UK, rather than pure economics. These considerations are real enough but totally 

subjective.  Opposition is also fuelled by negative myths, reheated by sections of 
the media: 

 Wind turbines are noisy. No longer. Some early models had problems but 
now designs are extremely quiet, less than a whisper in a library at 350m. 

 Wind turbines are bad for birds. No. Though objecting in a minority of 
proposed windfarm sites, the RSPB states: “Climate change poses the 
single greatest long-term threat to birds and other wildlife … (we) 
recognise the essential role of renewable energy in addressing this 
problem.”  

 Wind energy is unreliable/unpredictable. No. It is intermittent but 
predictable. This is a system problem addressed later. 

 Wind energy is unpopular. No. It may be controversial but the approval 
ratings from the September 2015 Government public attitudes survey are 
wind 66%, offshore 73%, nuclear 36%. NIMBY-ism is not a given; 
individual locals can be either very much for or against.  

 

One of the main issues for further deployment of wind is the ‘regulatory 
framework’. This is not just subsidies. Wind would do well now in a cost level 
playing field but planning laws and protocols have been made nearly impossible 
in the UK, in stark contrast to those for fossil fuels from ‘fracking’. Germany has 
had a comprehensive and consistent policy supporting renewable energy since 
1990, unlike the UK. Germany has 45GW of wind. Despite being windier the UK 
has only 13GW.  
 

Solar –Photovoltaic (PV) 

These are the dark panels seen on many roofs and in fields today. The technology 
used to be very expensive, but scaling up production and refinement of the 
technology has reduced cost and raised efficiency. Typical rooftop solar panels 
now have an efficiency of 18% but this is improving by 0.3% annually. Multi-
layer cells have, in the laboratory, now demonstrated 43%! This alone has the 

potential to half solar electricity cost because much of the installation cost is support 

framework.  Solar already has lowest cost electricity in sunny countries – Mexico and 

Dubai for example. The yield of a solar panel in lower latitudes, is much higher e.g. 

Almeria in Spain having twice that in London. 60% of the world’s population live in 

sunny lands including most of those who really need electrical power to alleviate 

poverty. 
 

 

Can we meet UK demand by renewable energy alone? 

Firstly, can we meet average future UK demand (35GW today). It’s challenging! 
We need to replace not only the electricity we use today in our homes and 
industries but still more to displace FF for space and process heating, and 
transport, and there’s potential growth too. The late David Mackay’s 2009 book, 
Sustainable Energy Without the Hot Air (free to download) has excellent 



methodology but out-dated data. Revising his estimates for 2050 with less 
growth (the UK economy has barely grown since 2008, and electricity 
consumption has plateaued) and more solar (much cheaper now), and 
compensating for electrical vehicle consumption with electrical energy saved by 
eliminating the processing of petrol and diesel (note 2), we can take 63GW 
annual average consumption as a reasonable target, just under twice that of today.  
 

How much can we scale up the major proven supply technologies of supply? To 
reach the 63GW is possible: for example, wind onshore 10GW, offshore 20GW, 
solar PV 22GW, other 11GW (all annual averages)- see Note 3 . This would not be 
going beyond what Germany has currently installed in onshore wind nor its 
2050 target in solar, scaled for UK land area. That’s close enough to say it’s 
possible, given ongoing human ingenuity!  
 

 
Fig.2 Broadbrush UK Energy Supply and Demand in annual average power 

 

Meeting peak demand  
Meeting minute-by-minute demand is a system problem already because of the 
inflexibility of large centralised coal and nuclear plants which cannot change 
temperature quickly. Luckily we have a strong grid, that transfers a lot of energy 
around the country (though with a 10% loss), and a 2GW link with mainland 
Europe but much plant has to be run inefficiently at part load to keep it hot still 
with spare capacity, to be ready to react to sudden events. RE is much better at 
responding instantly and it is also much better distributed and resilient to local 
disruption. 
 

Solving the energy storage problem 



However, there is nowhere near enough storage today to cope with long periods 
brought about by a winter anticyclone bringing dark, cold and still conditions 
over nearly the whole UK, which would be unusual but not unheard of. 
Electricity is difficult to store. The most powerful of these today is ‘pump storage’ 
where water is pumped up from lower to higher reservoirs in times of power 
surplus like the middle of the night, and run down when extra power is needed 
with 75% efficiency. But in the UK this amounts to only 3% of UK needs for 4-5 
hours.  But there are two powerful technical revolutions coming:- 

 

Batteries: Lithium-ion battery costs are tumbling and new forms promise 
further steps downward. Electric cars can effectively act as “batteries on wheels”. 
Plugging into the grid half of the UK’s 35m vehicles, if they were electric, would 
store enough for 12 hours of average demand to tide us through a night time. 
 

Intelligent demand management: Many energy-dependent processes such as 
cold stores, field irrigation or processes with heat buffers can be safely 
interrupted for varying lengths of time. This can be controlled with smart 
meters, with pressure taken off peaks in demand and customers paid for their 
flexibility. Businesses based on this are popular and growing rapidly. 
 

There would still be a gap. However, we already have 32GW of gas turbines 
which are ideal for reacting quickly to produce electricity. Using them, say, for 
two weeks in the year to supplement clean electricity is possible. And now the 
third technical revolution, methane and liquid fuels synthesized from CO2 in air 
and hydrogen electrolysed by renewable energy in times of surplus (but why not 
use the hydrogen directly? See Note 5.).  This can be a clean option too. There are 
many feasible and known chemical processes for making alcohols or 
hydrocarbons which could fuel the gas turbines and also aeroplanes. It’s possible 
to scale them up. 
 

Renewable energy is effective and much needed to avoid catastrophic climate 
change; the good news is that it is already near parity on costs. As shown above, 
with ingenuity and commitment we would be capable of meeting future demand 
without nuclear. We have God-given creativity and want to tread lightly on the 
Earth, caring for it, for all its inhabitants, now and in the future. With the political 
vision, resources can be diverted towards clean energy. Let us encourage our 
leaders to do so with an urgent but realistic message of hope. 
 

Mark Hancock is a longstanding GC member whose whole career has been in energy: in CEGB 
building conventional and nuclear power stations, researching wave energy, then for 35 years 
developing blades for Vestas wind turbines. Now he’s with General Electric Wind.  
 

============================================================= 

Notes: 

 

‘The Switch’ by Chris Goodall (ISBN 978 1 781256350, eISBN 978 1 782832485, 

Profile Books) is an excellent readable book on the same topic which was released in 

August 2016 as I was writing this article.  Recommended! 

 

Note 1.  Biomass for example encompasses waste from tree offcuts or peanut shells, 

alcohol from sugar cane grown for the purpose, methane from landfill, or dung in a 



mud hut amongst others!  Some Biomass competes with food production, threatens 

bio-diversity and is actually are worse than coal for CO2!  Biomass, effectiveness and 

ethics, is too big a topic to fit in, other than to say that it is a small part of the solution 

for the densely-populated UK.    In Europe, just to power our transport fleet by bio 

fuel, would need more area than is used for all agriculture today. 

 

‘Hot rocks’ is included for the case in volcanically active regions, not in deep Cornish 

slate (tried without success).  This leads to an important issue for all types of RE: they 

tend to be very site-specific, more so than fossil fuel. A diesel generator can be 

operated almost regardless of local conditions, whereas a wind turbine is much better 

in a windy place.  The 4km strip of land on the UK south coast has significantly more 

solar energy than just inland. The economics are strongly affected by local and 

regional geography so correct siting is part of the science. 

 

New large hydropower is practically exhausted in the UK and in most countries. 

Where new large hydro is proposed the local social and environmental impacts are 

gross and it remains vulnerable to Climate Change with shrinking glaciers reducing 

summer water flow. 

 

Wave and Tidal are not on the list?   Wave, which I worked on 1980-2, though a 

potentially huge resource, has many fundamental problems. There is no viable 

solution 36 years later. Many ideas have got as far as prototype but no further often 

destroyed by the first big storm to come along. I am sorry to say that Wave is now 

powered only by hype! 

 

Tidal, is not far developed.  Yes it does work as shown by the 50-year-old La Rance 

Barrage in France but it is generally very expensive and this barrage type has a big 

local hydrological and environmental impact.  Tidal can contribute far less than wind 

energy even in the UK which is surrounded by the sea a reasonable tides. 

 

Note 2.  The electrical energy required to get refined fuel to the pump is considerable.  

It equates to about 2/3rds of the energy required to move an electrical vehicle.  Thus 

in moving to a fully electrical vehicle fleet only 1/3rd of their consumption needs to be 

added to the sum of all consumption. 

 

Note 3.   8.6GW of onshore wind and 5GW off today produces 11% of our needs – 

4.2GW mean, only 7% of our future needs.  The approved ‘wind pipeline’ will take us 

to 11GW onshore and 12GW off, or about 7.7GW mean so 20% of current needs, 

13% of 2050’s.  Wind turbines are quite thinly spread over the UK today compared 

with say Germany which already has 4 times the 42GW onshore wind, (where it is 

also very popular).  It would not be unreasonable to have 5 times the onshore wind 

capacity in the UK by 2050, 55GW producing 14GW mean.  Offshore is developing 

now with 8MW turbines in 25-30m depth has more potential. Allowing for shipping 

corridors etc. 120GW is possible producing 48GW mean.   

 

9.8GW (peak) of Solar PV in the UK today produces 1GW mean 2.6% of today’s 

needs, 1.7% of 2050’s.  Germany plans to install 200GW(peak) by 2050 and the UK 

land area is 2/3rds that of Germany so say 120GW installed in the UK.  PV today 

produces on average 11% of the peak so that would be 13GW mean, but already PV 

panels with double the efficiency have been marketed so I have taken 22GW mean as 



possible for the UK in 2050. (If installed PV efficiency doubled on average then the 

11% capacity factor would not change but the number of panels needed would be 

halved) 
 

Note 4. Hydrogen economy is often touted as a solution to storage and also clean 

fuels.  It is clean but actually has fundamental problems – Hydrogen has low energy 

density, and is difficult to store, requires a new and very expensive piping systems as 

it is corrosive.  Combining with CO2 to make methane then uses existing natural gas 

infrastructure.  ‘Cracking it to make liquid hydrocarbons then one has high energy 

density suitable for flight. 
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