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By Nick Jelley, emeritus professor at Oxford University and author of a Very Short 

Introduction to Renewable Energy 

 

We use energy all the time; when we boil a kettle, use our mobile phones, or drive a car. 

And it is needed for running our hospitals and schools. So, energy is vital for a good quality 

of life. But ever since the industrial revolution we have been increasing reliant on fossil 

fuels. And while the global standard of living has increased, the burning of fossil fuels has 

released huge quantities of carbon dioxide into the atmosphere. This is causing global 

warming, and if we carry on as we are there will be dangerous climate change by the end of 

this century. Our fossil fuel use is already causing serious amounts of pollution and more 

frequent extreme weather such as the wildfires and severe flooding seen last year across 

the globe. 

Fortunately, the electricity generated by wind turbines and solar panels is clean, and 

renewable as its source is the Sun; hydropower and power from biomass are also 

renewable. Could these renewables provide the energy we need? We were once reliant on 

them, but windmills, waterwheels, and animals were increasingly supplanted in the 19th 

century by coal-fired steam engines which powered the industrial revolution first in England 

then around the world. And by the 20th century internal combustion engines fuelled by 

petrol and diesel transformed transportation. 

Other than hydropower and biomass, renewables were a neglected source of energy, until 

the oil embargoes in the 1970s. These caused Western governments to look to renewables, 

first as an alternative energy source to oil, and then in the 1980s and 1990s, as the dangers 

from carbon dioxide emissions started to be accepted, as a means to tackle global warming. 

But why had it taken so long the realise these dangers? 

Svante Arrhenius first pointed out in 1897 that adding CO2 to the atmosphere would raise 

global temperatures but most scientists thought that the CO2 would be absorbed by the 

oceans and by plants. There was no clear evidence for an increase until 1960 when Charles 

Keeling founds that CO2 levels were definitely rising and in 1979 the US academy of sciences 

concluded that doubling CO2 levels would raise global temperatures by 3oC.  

But action since then has been very ineffective at stopping the rise in CO2. Partly because of 

vested interests in fossil fuels and their infrastructure, but mainly because renewables were 

too expensive, and because climate change was seen as a distant threat that didn’t trigger 

an immediate response. But the predicted dire consequences of not curbing emissions, 

helped by increasing extreme weather events, led to the Paris agreement in 2015 where 

countries agreed to try and stop emissions by 2050 and keep global warming to just 1.5 oC.  

This may seem a very small temperature change but it is an average, and warming tends to 

be higher over the land than the sea. Moreover, the climate is very sensitive to small 
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changes in temperature - when the world was only 5 oC colder in the last ice age much of 

Northern Europe and North America was covered in ice hundreds of metres thick and the 

sea level was many tens of metres lower. 

Can renewables provide the answer? Currently, renewables, mainly biomass and 

hydropower, account for just under 20% of our total energy demand with fossil fuels the 

rest, but this is about to change. The investment in renewable energy triggered by the oil 

crises of the seventies has transformed the wind and solar power technologies. For wind, 

the turbines have grown enormously in size and power. The blades are the most expensive 

part of a turbine and have to have great strength and resistance to fatigue. Composites are 

used, generally glass fibre, but with carbon fibres sometimes added to give greater 

strength. The largest under construction is a 12-megawatt turbine for offshore deployment 

in 2022 that will be twice the height of the London Eye, and 80% the height of the Eiffel 

Tower, with blades over 100 metres long. 

The huge increase in the number and size of wind turbines has led to a large drop in their 

price through a phenomenon called the learning effect. This was first observed in aircraft 

production in the 1930s when it was noticed that every time the total number of aircraft 

produced doubled, the cost to make them dropped by a roughly constant percentage. This 

learning effect is found in many developing technologies and the percentage drop for each 

doubling is typically about 20%. For wind turbines on land, it led to a drop in the price of 

electricity of a factor of ten since 1985 to about 5.5c/kWh in 2018, which is now 

competitive with fossil fuel generation; that is, it is now at grid parity.  

Costs for offshore wind have also plummeted and tenders for the 2020s are also now at 

grid parity. Not only are wind turbines producing power cheaply enough, but there are 

resources on land and on sea within 200 nautical miles of the coastline to provide all the 

power the world uses. 

But the technology that has had the fastest growth and biggest impact is that of solar 

photovoltaic panels. While the discovery of the photovoltaic effect was made by Henri 

Becquerel in 1839, it was not until the accidental discovery in 1940 by Russel Ohl that a 

doped silicon rod could produce a significant electrical current when illuminated, that real 

progress started to be made. The first cell was produced in 1954 in Bell labs in the US, and 

by the 1980s silicon solar panels were available, but these were very expensive.  

Solar photovoltaic power took off more recently with rapid growth since 2000. First in 

Germany, the USA, and Japan, and then in China who now dominates the market. The fall in 

the price of panels has been really dramatic- a factor of about ten in the last decade, from a 

learning effect of about 20%.  Photovoltaic power is now at grid parity in many regions of 

the world and the solar resource is such that it could power the world many times over. 

Solar farms are springing up all over the world and rooftop solar panel installations are 
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helping to bring electricity to the almost billion people, mainly in sub-Saharan Africa and in 

India, currently without access to electricity.  

But how can we handle the variability of wind and solar power- they are not always 

generating electricity. There are already back-up generators on grids, but their use can be 

made infrequent. First by distributing wind and solar farms over a large area, and by having 

interconnectors, such as the UK has with France and Norway, to top up supply when 

needed. And increasingly the demand can be altered as well. For instance, large commercial 

fridges or heating units can be turned off briefly to reduce demand. This demand response 

can give a lot of flexibility and will do so more in the future with the roll out of smart meters 

and appliances.  

Also, solar and wind farms are increasingly being equipped with battery storage that can 

provide power when the sun is down and when the wind stops blowing. And this battery 

storage is fast becoming cheaper with the mass production of lithium-ion batteries. A study 

for Europe of the costs of increasing the amount of variable renewable energy on the grid 

from 20% to 80%, found prices per kWh rising from as little as 4 to 6 eurocents, with most 

of the electricity generated by wind power.  

While there is the resource with solar and wind, coupled with hydropower and with 

biomass, which is used a lot in the developing world, the amount of energy they must 

produce is enormous and will require a huge investment. This will be a particular challenge 

with the world starting to recover from the COVID-19 pandemic. There has been reduced 

pollution in cities across the world from the sharp decline in fossil fuel combustion, and the 

world needs to try to recover using renewables for power to avoid dangerous climate 

change. The challenge will be great as the demand has been growing. Since the 1970s the 

world’s population has doubled and its wealth quadrupled and there are now 7.5 billion 

and over 9 billion are expected by 2050.  

Of the other low-carbon technologies, the accidents at Chernobyl and Fukushima, as well as 

its cost, have limited the potential for nuclear power, and its contribution by 2050 is only 

expected to be about 5%. Capturing and storing the CO2 emissions from burning fossil fuels 

was once thought to be a viable way to reduce emissions but it has proved too expensive to 

compete in power production. However, for certain industrial processes and also through 

planting trees to capture the CO2 in the air, carbon capture could make a 10% contribution; 

but we must avoid deforestation. 

All together, we could provide the energy the world needs without emissions, mainly in the 

form of renewable electricity. But about a third of our energy is used as heat from burning 

fossil fuels in industry and buildings and another quarter from oil derived fuels in transport- 

only a third is used to produce electricity. Electrifying transport and heat with renewables 

will not only help with having no CO2 emissions, but demand can also be held constant 

while population and living standards increase across the world.  
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This is because electric cars are some three times more efficient that petrol cars, and are 

fast becoming competitive with falling Li-ion battery prices. And heat pumps, which act like 

fridges in reverse, are similarly about three times more efficient for heating buildings than 

burning natural gas.  High temperature heat for industry is a challenge, but using renewable 

generated electricity to electrolyse water and produce hydrogen looks very promising. 

When hydrogen burns it only produces water vapour. There is a pilot project under 

consideration in Leeds to use hydrogen instead of natural gas. Bioenergy is only expected to 

make a relatively small contribution, mainly because of demands on land from food 

production and preserving biodiversity. 

But we need to stop burning fossil fuels - coal-fired power stations are still being built and 

fossil fuels receive huge subsidies that often only help the reasonably well off and not the 

really poor. And we must invest heavily in renewables, which currently only supply about 

18% of our energy demand, with great commitment as the expansion of renewables must 

be massive. Government regulations and short-term goals are required, but we need the 

political will; particularly, as we recover from the COVID-19 pandemic. 

This can be helped by pressure and actions by cities, communities, and individuals. And we 

need a much more circular economy whereby we reduce, reuse, and recycle to help lower 

consumption. We have the technology, and policies like the Green New Deal with 

renewables creating new jobs would promote the transition to renewables. We were once 

reliant on renewables and we need to be so again to provide the world with the energy it 

needs without dangerous climate change. 

 

 


