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Preface

This book is based on the assumption that the use of fossil 
fuels has to be halted, primarily to avoid the economic, 
social and environmental impacts of climate change. With 
the divestment movement catching on and fossil compa-
nies becoming worried about the economic viability of 
their fossil investment as governments tighten up emission 
regulations, change is underway. But what will replace 
fossil fuel?

This book looks at whether there is a way forward using 
renewable energy sources and energy efficiency initiatives 
to cut emissions from fossil fuels while avoiding nuclear 
power. It concludes that nuclear is unlikely to have much 
of a role in future, and argues that the pro- and anti-
nuclear debate has absorbed too much time and energy 
over the years, to the detriment of the more relevant, 
interesting and increasingly urgent debate over what sort 
of sustainable ‘green energy’ renewable/efficiency mix we 
need. That is the focus of this book, which explores the 
problems and implications of shifting to greener, cleaner 
energy sources and the policy changes that are underway. 
It argues there is no one green future. There is a range of 
possible options of various types and scales: we need to 
choose amongst them. And this book offers an overview 
of the key technical, economic and environmental issues 
to aid that process.
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Quick Guide to Energy 
Units and Energy Terms

The Power rating of an energy conversion device is usually 
measured in watts and multiples – kilowatts (1,000 watts), 
megawatts (1,000 kW), gigawatts (1,000 MW), terawatts 
(1,000 GW). A typical small kettle will have a power rating 
of around 1 kW, a large power plant 1 GW.

The amount of energy an energy conversion device 
supplies or uses is measured in ‘power times time’, typi-
cally kilowatt-hours (kWh), the usual unit for bills, and 
multiples, for example, MWh. So a 1 kW rated electric fire 
running for an hour would convert 1 kWh of electrical 
energy into heat (with losses).

As these definitions should make clear, the common 
usage of the terms ‘power’ and ‘energy’ as interchangeable 
is incorrect and unhelpful, though hard to avoid. The same 
goes for the widespread use of ‘power’ as a shorthand for 
‘electricity’. Moreover, strictly speaking, energy cannot be 
generated, or indeed ‘used’; it can only be converted, with 
losses, from one form to another.

The term ‘Green energy’ is a shorthand for the various 
types of low-carbon energy systems which use energy 
sources that are naturally renewed and are therefore 
sustainable in the future.

Common abbreviations used in this text are as follows:

CCS –   Carbon Capture and Storage (carbon dioxide gas 
sequestration)

CfD –   Contracts for Difference (a new UK support 
scheme based on contract auctions)
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Quick Guide to Energy Units and Energy Terms

CHP –     Combined Heat and Power (co-generation of heat and 
power)

CSP –    Concentrating Solar Power (focused solar systems for elec-
tricity production)

EROEI –  Energy Return on Energy Invested (a measure of energy 
input to output)

FiTs –    Feed in Tariffs (a support scheme widely used in the EU)
PV –     photovoltaic solar (solar-electric cells)
RO –     Renewable Obligation (a soon-to-be-retired UK support 

scheme)
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1
Introduction: What 
Are the Options?

Abstract: Climate change, along with falling air quality, 
are key environmental concerns and seem to be related to 
human activities, most obviously the combustion of increasing 
amounts of fossil fuel. There are several options for reducing 
or avoiding these problems. A shift to using nuclear energy 
is seen by some as one, but there are significant technical, 
economic, safety and security problems. Reducing energy 
waste is a more likely contender, but there are limits, and 
however much energy efficiency is increased, there will still 
be a need for energy supplies. That leaves renewable energy 
sources as a key hope. This book asks, what are the problems 
and can these new green sources be used to deliver energy 
reliably and economically on a significant scale?

Keywords: climate change; energy saving; nuclear power; 
renewable energy

Elliott, David. Green Energy Futures: A Big Change for the 
Good. Basingstoke: Palgrave Macmillan, 2015.  
doi: 10.1057/9781137584434.0004.
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1.1 A big change is needed

Access to energy services is vital to modern life, but there are growing 
concerns about whether the current range of energy sources can be used 
into the future. Some worry that fossil fuel reserves will be exhausted, 
and there are debates about when ‘peak oil’, the point at which use 
outstrips production, will occur. Some say it already has, others say that, 
with shale oil and other finds, there are still decades in hand, but the 
debate is just about when, not if, oil will become scarce (Brandt et al., 
2013). Similarly, though later, for gas (including shale gas) and later still 
for ‘peak coal’ (Maggio and Cacciola, 2012).

However, the reality seems to be that not much of whatever there is 
left of these fossil energy sources can be burnt off without risking what 
the Intergovernmental Panel on Climate Change warns could be ‘severe, 
widespread, and irreversible impacts’ from climate change (IPCC, 2014). 
In parallel there are increasing impacts on air quality, this reaching crisis 
point in some newly industrialising countries, most visibly in China.

This book is based on the assumption that the use of fossil fuels has 
to be halted, probably long before this is forced on us by the inevitable 
ultimate depletion of these resources. As with the resources estimates, 
there are debates on timescale, and for example, over how serious climate 
change related impacts might be and on how quickly, and where, they will 
occur, but few deny that it is a major and increasingly urgent problem, 
and even fewer deny that air pollution is having major heath impacts.

There may be ways to limit some of these impacts, or even adapt to 
them, but in longer term we have to deal with the problems at source 
and stop burning fossil fuels. That will involve a major change. Over 
80 of the energy used globally comes from these sources – coal, oil and 
gas – used for heating, electricity production and to power vehicles. The 
aim of this book is to ask whether their use can be phased out, and if so, 
what will be the problems and implications of shifting to greener, cleaner 
renewable energy sources.

1.2 Climate change

Ever since the industrial revolution, the combustion of fossil fuel has 
expanded, coal at first, then oil and more recently (natural) gas, all 
extracted from underground strata. Burning these fuels releases carbon 
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dioxide gas into the atmosphere and it has an impact: it increases the 
so-called greenhouse effect. As with the panes of glass in a garden 
greenhouse, some solar radiation that would otherwise not be retained 
is trapped by a range of gases in the upper atmosphere, so the incident 
solar radiation heats up the greenhouse, in this case the earth. There is 
a natural balance in this process which keeps the planet’s basic tempera-
ture at habitable levels. However, adding extra carbon dioxide, along 
with other greenhouse gasses such as methane (mostly from increased 
intensive agriculture), disturbs this balance, so that the average global 
temperature begins to rise: that’s global warming.

So far that is incontrovertible. It is widely agreed that temperatures 
have risen and also that this has had an effect on the climate system. In 
a joint report, the United Kingdom’s Royal Society and the US National 
Academy of Sciences said: ‘It is now more certain than ever, based on 
many lines of evidence, that humans are changing Earth’s climate. The 
atmosphere and oceans have warmed, accompanied by sea-level rise, a 
strong decline in Arctic sea ice, and other climate-related changes. The 
evidence is clear’ (Royal Society/NAC, 2014).

Certainly, the vast majority of scientists are said to think that climate 
change, due to human activities, is real, up to 97 in some surveys (Cook 
et al., 2013), and although there are claims that the extent of consensus 
is less (Tol, 2014), there seems to be wide agreement that climate change 
will have significant impacts, with the Royal Society/NACS claiming that 
‘further climate change is inevitable; if emissions of greenhouse gases 
continue unabated, future changes will substantially exceed those that 
have occurred so far.’ That means, some say, that about 80 of the coal in 
the ground will have to stay unused (McGlade and Ekins, 2015).

However, there are still debates on how much temperatures will rise 
in future and what the longer-term impacts will be, driven in part by 
skeptical minority views, often amplified by the media’s inevitable 
focus on conflict rather than consensus. Some ‘contrarians’ claim that 
most of the temperature rise has been due to other, natural, causes, and 
some say the rises will tail off. They dispute the models that have been 
produced. The fact that recent temperature rises have been lower than 
many expected gives them some ammunition, although the climate 
modelers have come up with various explanations for this. For example, 
some suggest that the heat has been absorbed in the depths of the oceans, 
but there is much debate about causes and effects, with some saying that 
the temperature pause may last for 10–20 years.
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Uncertainty and doubt make it hard to come to an agreement regard-
ing measures for responding to climate change. If it will only be mild and 
slow, as some contrarians argue, then simple adaptation measures should 
be sufficient, that is, coping with impacts. That argument is popular since 
it avoids having to adopt more radical and potentially costly and disrup-
tive mitigation approaches, dealing with the cause, chiefly by phasing out 
fossil fuel use.

Some contrarians claim that global warming will have benefits. That 
seems to be a line taken by the UK-based Global Warming Policy 
Foundation, which also says that, if it turns out to be real, negative and 
significant, it can best be dealt with by adaptation rather than what they 
see as expensive mitigation measures. Its report on sea-level changes 
said: ‘It is the height of folly, and waste of money, to attempt to “control” 
the size or frequency of damaging natural events by expecting that 
reductions in human carbon dioxide emissions will moderate climate 
“favourably”, whether that be putatively sought from a moderation in the 
frequency and intensity of damaging natural events or by a reduction in 
the rate of global average sea-level rise’ (de Lange and Carter, 2014).

Some contrarians argue that even if it is real, climate change is not that 
important compared with other global environmental and health issues. 
Danish contrarian Bjorn Lomborg says that ‘Global warming pales when 
compared to many other global problems. While the WHO estimates 
250,000 annual deaths from global warming in 30 years, 4.3 million die 
right now each year from indoor air pollution, 800 million are starving, 
and 2.5 billion live in poverty and lack clean water and sanitation’. And 
anyway, he adds, our approach to dealing with climate change is wrong. 
Like the Global Warming Policy Foundation, he is doubtful about the value 
of renewable energy as a response (Lomborg, 2014). It could of course be 
countered that these issues are not separate and independent. A focus on 
renewables, in response to climate change, could help address some of the 
issues Lomborg raises, for example, laying the basis for local economic 
growth and reducing the need to use polluting firewood and dung.

While debates on policy are fair enough, some think the endless debate 
on climate science is unhelpful and often of low quality (Dana, 2014). It is 
important to continually challenge assumptions and check data: debate 
and conflicts are the lifeblood of science, which moves through periods 
of doubt and then consensus. But at some point a halt has to be called, 
for example, it is now clear that the world is not flat and that it orbits the 
sun. That level of certainty may not have been attained yet over climate 
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change, but there are strong indications that there are growing problems 
so that urgent action is needed. That view is also backed by increasing 
numbers of the public. In a Populus UK public opinion poll in 2014, 73 
wanted world leaders to agree to a global climate deal and 66 thought 
action must take place now and only 20 felt it could wait a few years 
(DECC, 2014).

1.3 What should be done?

While concern in many countries is high, the barrage of contrarian 
views, as relayed by the media, and uncertainties about what might be 
done seem to have had an impact on some others, for example, in the 
United States and Australia, where global warming and responses to it 
are very politicised issues, with many people expressing disbelief. Given 
that both countries have experienced many very severe weather-related 
shocks in recent years, this may be surprising, but it remains the case 
that no one weather event can necessarily be directly liked to climate 
change. However, it is also true that in both countries, as globally, 
fossil fuel interests are very powerful, although, around the world, they 
are increasingly being challenged as awareness of, and concern about, 
climate change grows (Berners-Lee and Clark, 2013; Klein, 2014).

Despite the uncertainties, governments around the world, to varying 
degrees, have developed policies for reducing emissions and impacts, 
both nationally and via international agreements (Marquina, 2010; 
Dupont and Oberthür, 2015). However, there are disagreements about 
response strategies, and crucially, at the global level, about who should 
pay. It seems clear that, whatever happens, adaptation measures will be 
needed to deal with increased flooding, storms, droughts, wild fires and 
heat waves. That will hit some countries hard.

Many poorer countries may not be able to cope financially and will 
need external help from rich countries. Moreover, the longer-term 
solution of moving away from fossil fuel may not appear to be economi-
cally viable for them, and in any case will not help them deal with the 
impacts in the short term. And yet, it can be argued, unless all countries 
start making this transition we may all be doomed – if you believe the 
modeling.

There has been something of a political stand-off. The poor develop-
ing countries often claim that the rich countries, who have benefited in 
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the past from burning fossil fuels, should shoulder some, or even most, 
of the cost, for example, by contributing to aid programmes. There is, 
however, now some movement on this issue. Agreement in principle has 
been reached on establishing a $100 billion p.a. Green Climate Fund by 
2020, with donations from the major industrial countries: the United 
States recently provided $3 billion.

For the longer term, policy debates and attempted negotiations 
continue at the annual global Conference of Parties (COPs) to the 
UN Framework Convention on Climate Change, although these days 
expectations that the COPs will lead to much of significance are low. The 
global accord reached at the Kyoto climate summit in 1997 (averaging a 
5.2 global emission cut) only ran up to 2012. A loose commitment to a 
follow-up Kyoto II protocol has been thrashed out, but it is not legally 
binding. The stumbling blocks have chiefly been the United States and 
China, which have seemed happy enough to commit to ramping up 
green energy technology (in competition with each other), but did not 
want to accept binding constraints on emissions. However, with air qual-
ity an urgent issue in China, emission limits there now seem likely (a 
commitment has been made to halt the rise by around 2030), and the 
United States, under Obama, evidently is now serious about reducing 
emissions from coal (by 30 by 2030) and overall by 26–28 by 2025. So 
the COPs might be a bit more productive.

There are of course deviants, like Japan, which after the Fukushima 
nuclear disaster, reneged on its emission reduction targets, and Australia, 
which has experienced if anything even more severe extremes of weather 
recently than the United States, but is heading off in the opposition 
direction – cutting just about all its climate policies and initiatives. The 
EU remains on message and is making progress on its renewable and 
climate targets (a 20 emission cut by 2020 and possibly 40 by 2030), 
but is constrained from going further and faster both economically and 
politically, by the leftovers of the recession and the swing to the political 
right in many EU countries. Russia remains an anomaly, focused on its 
huge fossil exports, for example, to Eastern European countries.

The rest of the world? Understandably, as noted earlier, most develop-
ing countries want help from rich industrial nations to meet the cost of 
limiting emissions and dealing with impacts. Unsurprisingly, aid of that 
sort is something that has been agreed only in rather broad terms.

As things stand at present, the programmes and policies that are in 
place may not hold average global temperatures below the 2° C rise that 
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many think is a crucial threshold, although there are some hopeful signs. 
The International Energy Agency (IEA) has claimed that emissions from 
the energy sector in 2014 were at the same level as in 2013, the first time a 
leveling off or reduction has occurred outside a recession in 40 years, which 
suggests that policy responses, rather than economic factors, led to zero 
growth in emissions (Briggs, 2015).

There is also some movement from the fossil fuel interests. With 
concerns about climate change growing, and, more directly, worries 
being expressed that fossil assets would become worthless as govern-
ments adopted tighter emission regulations, the big oil companies have 
been beginning to react. Although there may be unethical investors ready 
to fill the gap, ‘divestment’ initiatives may also be having an impact, with 
pension funds, charitable agencies and universities withdrawing their 
investments in fossil fuel. So too may the potential threat of legal action 
by climate change victims to reclaim damages. One report, in effect 
adopting a naming and shaming approach, listed 90 global companies 
which it said produced 63 of the cumulative global emissions of indus-
trial carbon dioxide and methane between 1751 and 2010. They include 
big coal and oil companies (Heade, 2014). This sort of campaigning seems 
to be having an impact. For example, under pressure from shareholders, 
Shell says it will play a more active role in responding to climate change 
and warns other companies that they should too (Shell, 2014).

In its 2015 Annual Energy Outlook, BP accepted that carbon dioxide 
emission levels from burning fossil fuels are unsustainable. However, BP 
warned that renewable energy sources will struggle to keep pace with 
growing demand for energy, especially for power in Asia: ‘The rapid 
growth of renewables currently depends on policy support in most 
markets, as renewables tend to be more expensive than coal or gas-fired 
power. As renewables grow in volume, the burden of this policy support 
can become a constraint on growth. To maintain rapid growth, the costs 
of renewable power need to keep falling, reducing the subsidy required 
per unit of power’ (BP, 2015).

So, for good or ill, they see fossil fuels still booming into the future. So 
do the IEA and the World Energy Council (WEC), although, as we shall 
see later, they both have scenarios in which renewables ramp up much 
faster, while IRENA, the International Renewable Energy Agency, claims 
that, as markets build and the technology improves, renewable energy 
costs are falling and are also offset by fuel and health cost savings from 
using less fossil fuel (IRENA, 2014).
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Certainly, renewables are expanding. BP sees them pushing nuclear 
out, although, unsurprisingly, the nuclear energy lobby sees it all differ-
ently. Who is right? Is nuclear the answer? Or is there a way forward 
that cuts emissions from fossil fuels and avoids nuclear power? Could 
a switch be made to using renewable energy source as the main the way 
ahead? Or must frugal lifestyles be adopted? This book aims to explore 
these issues and to look at the key choices and options available, focus-
ing first on the technological options, and later moving on to options for 
social change.

1.4 In praise of nuclear

Nuclear power is a much-touted technological option, and the most 
developed non-fossil ‘baseload’ energy source, hydro apart. Nuclear 
power plants do not generate carbon emissions directly, so nuclear 
power is an obvious option for responding to climate change. There 
are powerful lobbying organisations and companies backing it, as well 
as some opposing it, along with plenty of web sites, though surprisingly 
few recent books supporting it. But in Why We Need Nuclear Power: The 
Environmental Case, published by Oxford University Press, retired US 
radiation biologist Michael H. Fox argues that nuclear power is essential 
to slow down the impact of global warming. Although he accepts that 
wind and solar can contribute, he says we need a ‘reliable’ source to meet 
large-scale energy demands and break our dependence on fossil fuels 
and claims that nuclear power is the best solution to our environmental 
crisis. In a Blog ‘taster’, he says renewables can supply only 20 of elec-
tricity at most (Fox, 2014).

Adopting a land-use and biodiversity approach, in a paper in the jour-
nal Conservation Biology entitled ‘Key Role for Nuclear Energy in Global 
Biodiversity Conservation’, Prof. Barry Brook and Prof. Corey Bradshaw 
come to similar conclusions. They say ‘for many countries-including 
most high energy-consuming nations in East Asia and Western Europe 
with little spare land and already high population densities - the options 
for massive expansion of renewable energy alternatives are heavily 
constrained’. Instead, by contrast to the alleged high land-use and 
biodiversity-loss impact from renewables like wind and solar (a conten-
tion that will be revisited in Chapter 2 later), they claim that ‘based on 
an objective and transparent analysis of our sustainable energy choices, 
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we have come to the evidence-based conclusion that nuclear energy is a 
good option for biodiversity conservation (and society in general)’.

That is also the main conclusions of an Open Letter to environmental-
ists that they fronted, although that is a little more circumspect. While 
the paper sees nuclear as offering ‘prospects for being a principal cure 
for our fossil-fuel addiction’, the Open Letter portrays nuclear as play-
ing a role ‘as part of a range of sustainable energy technologies that 
also includes appropriate use of renewables, energy storage and energy 
efficiency’ (Brook and Bradshaw, 2014a).

Although the paper focuses on the merits of nuclear, and especially 
the idea of Integral Fast Reactors perhaps using thorium, it says ‘making 
a case for a major role for nuclear fission in a future sustainable energy 
mix does not mean arguing against energy efficiency and renewable 
options. Under the right circumstances, these alternatives might also 
make important contributions’ (Brook and Bradshaw, 2014b).

Given that by 2013 renewables were supplying 22 of global electric-
ity compared to nuclear’s 11, that is an understandable caveat (REN21, 
2014). But what of the future? As we shall see, many think that renewa-
bles could and should expand rapidly, but could nuclear also expand to 
make a major contribution? There has been talk of a nuclear renaissance, 
driven at least in part by the need to respond to climate change. Is a 
major expansion of nuclear power likely or realistic?

1.5 Nuclear limits

The 2015 technology roadmap for nuclear energy, published by the 
Nuclear Energy Agency and the IEA, suggests that nuclear capacity 
needs to more than double, to around 930 giga watts (GW), by 2050, to 
help limit global warming to 2° C (IEA, 2015). An earlier IEA nuclear 
roadmap, in 2010, put the target 2050 nuclear capacity higher, at 1,200 
GW. But even if the IEA’s very ambitious target for nuclear was achieved, 
it would only cut emissions by 2.5 gigatonnes of CO2 per year, against 
current annual global emissions from all sources of around 50 GT 
(Evans, 2015). So the nuclear contribution would be relatively small, and 
that is ignoring the likely increased emissions from fuel production as 
high-grade uranium ore became scarcer.

Is an expansion on that scale likely? Not on current progress. The 
International Atomic Energy Agency says ‘the share of nuclear power 
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in total global electricity generation decreased for the tenth year in a 
row, to less than 11 in 2013, the lowest value since 1982’ (IAEA, 2014). 
Moreover, the independent World Nuclear Industry Status Report 2014 
did not see it getting better anytime soon (WNISR, 2014). It noted that at 
least 49 of the total 69 new reactor construction projects, including 75 
of China’s projects, have encountered delays, of 18–30 months in the case 
of China’s AP1000 reactors, and of 13–15 months with its two European 
Pressurised-water Reactors, and in the EU (with the French and Finnish 
EPRs) of several years. Phase-outs continued around the world and 
construction of several new plants has been delayed, in some case some 
indefinitely, while some have been abandoned entirely.

It is perhaps not surprising then that Steve Kidd, one time leading 
nuclear lobbyist with the World Nuclear Association, has had a rethink. 
In an article in Nuclear Engineering International he says ‘we have seen no 
nuclear renaissance’ and he outlines his new view. He says ‘the high and 
rising nuclear share in climate-friendly scenarios is false hope, with little 
in the real outlook giving them any substance’.

Does this mean he has given up the nuclear dream? No, but he says 
the nuclear lobby has to ‘abandon climate change as a prime argument 
for supporting a much higher use of nuclear power to satisfy rapidly 
rising world power needs’. That seems partly since he fears that ‘there is 
a significant risk in nuclear hitching itself to this type of view, as it may 
eventually be found to be unproven and in that case the nuclear industry, 
along with the renewables sector, will be discredited’. But perhaps also 
since it had in any case already been a problem: ‘The nuclear industry 
giving credence to climate change from fossil fuels has simply led to a 
stronger renewables industry’, whereas ‘nuclear seems to be “too diffi-
cult” and gets sidelined’. Instead he argues that the other alleged benefits 
of nuclear should be the focus. So his revised strategy is one of selling 
nuclear ‘on grounds of cheapness, reliability and security of supply’ 
(Kidd, 2015).

Is this a realistic approach? Leaving aside Fukushima, in the United 
Kingdom, the past few years have seen old nuclear plants suffering 
sudden unexpected temporary shutdowns due to faults, and in the 
United States several old plants have been permanently closed early 
due to technical economic problems. They could no longer compete 
with cheaper alternatives. Belgian nuclear plants have been closed after 
thousands of cracks were found in the pressure vessels. Reliability thus 
does not seem a strong argument, although it is claimed that new plants 
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will be better, and cheaper. That claim is also hard to accept, given the 
dramatic escalation of the cost of the two European Pressurised-Water 
Reactors being built in the EU, due to continuing construction delays 
and other problems. Delays and cost over-runs have also been experi-
enced with the few new plants being built in the United States.

It is conceivable that new technologies will eventually emerge which 
will do better and also address some of the other problems with nuclear 
power, for example, reliance on ever-decreasing reserves of high-grade 
uranium, the production of radioactive wastes which have to be kept 
safe somewhere for many thousands of year, and security risks associated 
with a technology which can be used to make nuclear weapons (Elliott, 
2010).

Some countries are still pressing ahead with nuclear programmes at 
various levels and with varying degrees of success (notably the United 
Kingdom, United States, China, India, South Korea and Russia), but 
many others have not gone down that route (including, in the EU, Austria, 
Denmark, Greece, Ireland, Portugal), while, after the Fukushima nuclear 
disaster, Japan closed all its plants, and although some may restart, there 
is little chance of new plants being built there. After Fukushima, opposi-
tion to nuclear grew around the world, and governments were forced by 
public opinion to abandon their nuclear plans (e.g., 94 in a referendum 
in Italy voted against nuclear), with some phasing out existing plants 
(e.g., Germany, Belgium, Switzerland) or cutting back radically (France) 
(Elliott, 2013a).

Some still look to a new generation of breeder reactors, possibly using 
thorium, or even to nuclear fusion, as the long-term hope. However, at 
best, these are all decades away, at any significant scale, and have their 
own problems, as well as unknown costs. Nuclear may still be with us, 
making a relatively minor contribution, but for the moment, and for a 
while ahead, it seems we must look elsewhere for an effective response 
to environmental problems like climate change and air pollution due to 
burning fossil fuels.

1.6 Save it: energy efficiency

The obvious way to reduce emissions is to avoid generating energy, or at 
least to use it more efficiently. The potential for reducing energy waste is 
huge. The EU is aiming to reduce overall energy use by 27 by 2030, while 
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Germany and France have set targets of reducing energy use by 50 by 
2050. This will not be easy. However, the industrial countries have been 
profligate in their use of energy, since it was relatively cheap. So the good 
news is that there are many easy and cheap options for making energy 
and cash savings, although once they have been exhausted it will get more 
expensive; there is only so much ‘low hanging fruit’. Even so, with some 
getting cheaper with mass production, new, more energy efficient tech-
nologies can help to reduce energy use. So can lifestyle and behavioural 
change, although this may be painful. While some look to ‘nudge’ meas-
ures, others see draconian personal carbon rationing as the way ahead.

Overall, domestic electricity use in the United Kingdom has fallen by 
25 since 2005. And the UK government has estimated that the right 
energy efficiency framework could save the equivalent of the output of 
22 new power stations by 2020. That should be a key priority. But even if 
large cuts in energy use can be made, there will still be a need for energy 
supply. If emissions are to be cut, where will it come from?

There are ways to generate energy using fossil fuels with lower emis-
sions, for example, by capturing and storing them in underground rock 
strata in empty oil and gas well-sites. That is expensive, with uncertain 
impacts, and as yet Carbon Capture and Storage (CCS) is untried on 
large scale. Moreover it is only an interim technical fix: there may be 
only relatively limited space for reliable storage, so it is not an option 
that would allow continued fossil fuel use in the long term. An easier 
and already widely adopted interim approach is to switch from burn-
ing coal to burning less carbon-intense gas in modern Combined Cycle 
Gas Turbines (CCGTs). That can almost halve emissions/kWh of energy 
produced, although of course that is a ‘one off ’ saving. Once done, this 
transition cannot be repeated, and gas reserves are more limited than 
coal reserves.

A more advanced idea is to recycle some of the heat that is otherwise 
wasted by the production of electricity in conventional power plants. 
That way more useful energy can be obtained, so net emissions are 
less. So-called Combined Heat and Power (CHP) ‘cogeneration’ plants, 
supplying heat and as well as power, are already widely used and can 
raise overall energy conversion efficiency from 30 to 70 or maybe 
more. That could be an important part of the immediate future, feeding 
heat to local district heating networks, as we will see later. But there are 
limits: district heating makes sense only in high-density urban or possi-
bly suburban areas.
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These options, although helpful, are only temporary measures. If these 
plants use fossil fuels there are still carbon emissions. And, like uranium, 
fossil fuels are finite resources. Once they have been used, they are gone 
forever. While avoiding energy waste and improving the efficiency of 
energy production and use, there is also a need to switch to non-fossil 
renewable fuels. Fortunately, there are plenty, from multiple sources, 
mostly solar derived, including direct solar energy, biomass, wind and 
wave energy, and hydro power, along with non-solar tidal and geother-
mal energy (Elliott, 2013b).

1.7 Green energy scenarios

The energy that the earth receives from the sun and other natural non-
fossil sources is more than could ever conceivably be needed, although 
not all of it can be accessed easily, and, hydro apart, the technologies 
needed to turn what is available into useful forms on a significant scale 
have been seriously explored only in recent years. Like BP (quoted 
earlier), some say renewables cannot deliver enough energy to replace 
fossil fuel, certainly not quickly (Trainer, 2010; Smil, 2012). However, in 
the early 2010s, a flurry of studies emerged suggesting that, by around 
2050, renewables could supply up to near 100 of all the electricity and 
possibly all the energy needed in the EU and in the world (EREC, 2010; 
ECF, 2010; PWC, 2010; WWF, 2011; Jacobson and Delucchi, 2011). Many 
more studies have emerged since, as we will see later, focusing on specific 
countries.

Some even claim that it can be done faster in some countries, given 
the political will (ZCB, 2014). For example, Germany is aiming to get 
80 (of electricity) from renewables by 2050 and Denmark 100 (of all 
energy) by then. It is worth noting that around 60 countries already get 
over 50 of their electricity from renewable hydro, some nearly 100. 
There is over 1,000 GW of hydro capacity, large and small, globally. But 
the so-called new renewables (wind and solar especially) are catching 
up, driven by falling prices. Wind is nearing 400 GW globally, solar 
photovoltaics (PV) 200 GW.

Given that wind and sunlight are variable, weather-dependent, 
resources, their total annual output is less/GW installed than from 
the 340 GW or so of currently active nuclear capacity. Typically, the 
so-called load factor for on-shore wind turbines is around 30, some 
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more, some less (and offshore up to 45), that is, over a year, depending 
on location, they can deliver around 30–45 of the amount of electric-
ity that they could theoretically produce if they could run continually 
at maximum output. The figure for solar PV is in the range 10–15, 
depending on location. Nuclear plants are claimed to have load factors 
in the range 70–90, or even higher, for example, for upgraded plants/
new designs. But in practice they may not always achieve these high 
levels. The average load factor for the UK nuclear fleet for 2007–2012 
was 62. Moreover, given the rapid growth of wind power, it is begin-
ning to challenge nuclear in energy output terms, despite wind power’s 
relatively lower load factor. For example, in China, wind plant output 
has overtaken that from nuclear and has helped China to get about ten 
times more energy from renewables, hydro included, than from nuclear. 
In the United Kingdom, the output from renewables overtook that from 
nuclear in 2015, supplying over 19 of its annual electricity requirement 
(DECC, 2015).

The various ‘100 by 2050’ renewable scenarios all involve rapid ramp 
up of renewables and energy efficiency, and in doing so open up many 
issues. Should all credible renewables be expanded equally, or should a 
more selective approach be adopted? If so, on what basis? Their current 
or projected costs and operational reliability, their potential environ-
mental impacts and safety, or the ease of deployment at small or large 
scale? This book explores these strategic supply-side issues and also their 
relation to changes on the demand side. There are choices. There is no 
one ‘green’ energy future. Instead there are many, each with different 
mixes of supply and of demand management.

It is increasingly argued that there is some urgency. For example, the 
third US National Climate Assessment, commissioned by the White 
House, says that ‘climate change, once considered an issue for a distant 
future, has moved firmly into the present’, noting that extreme weather 
events had increased in the past 50 years, with prolonged periods of heat, 
floods and droughts in some areas. Temperatures may rise ‘2° F to 4° F 
more in most areas of the US in the next few decades’, but reductions 
in some ‘short-lived human-induced emissions’ could cut some of the 
projected warming. It warned that ‘the amount of warming projected 
beyond the next few decades is directly linked to the cumulative global 
emissions of heat-trapping gases and particles,’ but said ‘there is still time 
to act to limit the amount of change and the extent of damaging impacts’ 
(NCA, 2014).
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1.8 Conclusion

There may not yet be a full understanding of the causes, extent and 
likely impacts of climate change, but to do nothing would be very risky. 
Fortunately, while there may be costs, should climate change turn out 
not to be a major issue, most of the proposed technological responses 
will have other benefits, including reduced air pollution and economic 
savings from not having to use fossil fuel, the costs of which, long term, 
will inevitably rise. So, assuming risky options like nuclear are avoided, 
there could be a ‘no regrets’ outcome.

The cost of inaction could be very high, much higher than the cost of 
the ‘precautionary’ approach. Stern’s study suggested a 10:1 ratio in terms 
of the proportion of Gross National Product that would have to be spent 
to reduce the risk (2), as against the cost to the economy of taking the 
chance, if it turns out to be as bad as many expect (20) (Stern, 2007). 
A sensible insurance, with benefits in any case. However, this implies a 
need to decide how to act and which options to choose. The chapters that 
follow look at the issues, starting with environmental impacts of using 
renewable energy. There is no point in trying to deal with climate change 
by switching to new technologies if they have impacts on a similar scale.
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2
Environmental Issues: Health, 
Safety and Social Impacts

Abstract: The social and environmental impacts of 
renewables are generally low and much less than the global 
impacts of conventional energy sources. However, there can 
be local impacts in terms, for example, of land-use conflicts, 
visual intrusion and wild life. The energy and carbon debts 
associated with building renewable energy systems are low 
and are falling as the technology improves, and overall the 
‘external’ costs of renewables are generally seen as lower, and 
the Energy Returns on Energy Invested higher than for most 
other energy supply options.
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2.1 Environmental impacts of renewables

Even if an energy source is cheap and reliable, it should not be supported 
if it has significant environmental and social impacts. That must surely 
be the lesson learned from the previous range of energy technologies. So 
how do renewables stack up?

Most are relatively environmentally benign, since they are based on 
using mostly solar-driven energy flows, rather than on releasing energy 
from materials extracted from the ground. However, natural energy flows 
and fluxes are relatively diffuse, so that, to collect significant amounts of 
energy, large areas of land or sea may be required.

One way to conceptualise the situation is to look at how much energy is 
extracted from the natural energy flow (Clarke, 2011). The extent to which 
extracting energy disturbs these flows and interrupts what they were 
doing in the ecosystem gives us some measure of likely impacts. There 
is a range. The most familiar example may be hydropower. The sun’s heat 
raises water vapour into the sky, which later falls as rain, which eventually 
finds its way back to the sea in river flows. This energy can be harvested 
by small run-of-the-river turbines or by creating reservoirs behind dams 
to store the energy in the head of water that is created by the hydro dam, 
letting it out through turbines when electricity is needed. Hydro projects 
can be very large and the reservoirs will often be vast, inundating large 
areas of land. Essentially, hydro projects try to extract a large propor-
tion of the natural energy available, so not surprisingly the impacts can 
be large. Large tidal barrages, which are basically low-head hydro dams 
trapping high tides, will have similar large impacts. The aim is to extract a 
large proportion of the tidal energy, in effect blocking off estuaries.

By contrast, wind turbines take only a small amount of energy from 
the wind flows over land or sea, and the physical impact is therefore 
relatively low. Even with many wind turbines in place, the impact on 
overall airflow would be very small compared to say a forest. Similarly 
for solar energy collectors. Even with vast arrays, only small amounts 
of the incoming solar energy can be used, and the impact of extracting 
it will be small, producing small local temperature and micro-climate 
changes. However, since solar energy is available only during the day, 
and the energy conversion efficiency is lower, to get the same amount of 
energy out, larger areas will have to be covered than with the equivalent 
capacity of wind turbines on wind farms. So on that basis, wind does 
better. Moreover, since the energy flows in winds are an indirect and 
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more intense form of solar energy, with air being heated differentially, 
in effect collecting up solar energy over time, it reduces the relative area 
needed by wind energy devices further. On one UK estimate, a solar PV 
farm would take up over eight times more area than would be needed 
for the bases of wind turbines in a wind farm yielding the same annual 
energy output (MacKay, 2014).

Winds moving over the sea create waves, which can persist for some 
time after the wind has died down, so waves in effect store wind, and 
the energy intensity can be high. Even so, large devices and areas are 
needed to extract the energy. It is the same for tidal energy systems. The 
tides are created primarily by the gravitational pull of the moon, so it 
is lunar power, not solar power, although the pull of the sun does also 
play a role, and the combined effect produces varying, but predictable, 
sea-level rises and tidal ebbs and flows, with very large energy extraction 
potentials, and up to 1TW of barrage, lagoon and tidal stream capacity 
being seen as possible globally (IRENA, 2014).

As noted earlier, the impact of tidal barrages can be very large, but the 
impact of tidal current turbines, essentially underwater wind turbine-
like devices, will be much less, since they extract only a small part of 
the energy in the local tidal flow. Most of it continues to flow past them. 
The other main non-solar renewable source is geothermal energy, the 
heat deep underground, which is produced by the radioactive decay of 
ancient rock strata. So it is in effect natural nuclear energy, although you 
could say the same of solar energy, since the sun is a vast nuclear fusion 
reactor. However, extracting energy from sunshine, or from geothermal 
sources, has none of the risks associated with earth-bound attempts to 
use nuclear sources, although, with geothermal wells, care has to be 
taken to avoid venting gases from underground. Heat extraction will 
reduce the local heat gradient, so that, after a few decades, performance 
may fall off and a new site will have to be used while the heat gradient is 
re-established. So geothermal energy is renewable, but only in phases.

The example of biomass is harder to analyse in term of energy extrac-
tion. Although it is similar in principle to artificial solar heat collection, 
with biomass, the sun’s energy is collected and stored over wider areas 
and over long time spans. Plants and other bio-matter convert solar 
energy via photosynthesis into a stored form in biomass. That process 
takes time and the energy conversion efficiency is very low, much lower 
than for any of the artificial energy conversion systems that have been 
developed. So to harvest significant amounts of energy, large areas of 
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biomass are needed. However, while the most obvious physical impact is 
in terms of land use, the extraction of bio-material from the ecosystem 
also has an impact, something that will be explored more later on.

To summarise, in most cases, extracting energy from renewable 
sources has low direct impacts. There are no direct emissions, biomass 
combustion and geothermal venting of gases apart, though hydro 
reservoirs may produce methane (Brown, 2014). However, as has been 
indicated previously, there are varying potential land-use implications, 
although this has to be put in perspective. While it is sometimes claimed 
that nuclear plants take up much less room than wind or solar farms, 
that ignores the fact that nuclear plants have to be serviced by uranium 
mines, fuel-processing plants and waste disposal sites, which also take 
up space. Moreover, given the safety and security risks associated with 
nuclear plants and materials, these facilities are usually surrounded by 
large ‘no-access’ areas, with security fencing. As a result, one analyst 
even claimed that, when the full nuclear fuel cycle was included, nuclear 
took up more space than renewables (Lovins, 2009).

That view is strengthened by the fact that the land within a wind farm 
can be, and is, used for agricultural purposes. The only area lost is the 
small area of the wind turbine bases, for a small grid substation and for 
any access road. Moreover, if it is an offshore wind farm, then no land 
is lost at all, any extra grid links apart. The same goes for wave and tidal 
stream turbines, and if PV solar is installed on existing rooftops, it takes 
up no extra land. PV arrays are also being put on reservoirs now, which 
helps to reduce evaporation losses, an important issue in hot countries. 
PV arrays on land do however take up space, although that has to be 
put in perspective. Golf courses take up far more room, but are rarely 
opposed. That said, care has to be taken not to use land that is of high 
agricultural value, although some of the land can still be used for sheep 
grazing and for wild flower growth, and it has been claimed that solar 
farm arrays can actually enhance biodiversity, not least by protecting the 
area from other less appropriate uses (STA, 2014).

2.2  Human and animal impacts: safety and  
health risks

What about safety risks? People do fall off rooftops when installing solar 
arrays and there have been installation and maintenance deaths associated 
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with wind turbines, around 150 so far globally (CWIF, 2014). However, 
it is hard to put these risks in the same category as the risk associated 
with, for example, major nuclear accidents. There are disputes over the 
final public death toll from the Chernobyl nuclear disaster in Ukraine, 
but the estimates run into tens of thousands (Fairlie and Sumner, 2006). 
By contrast, for wind or solar, even the most catastrophic accident (a fire 
or a blade throw) will be unlikely to pose much of a threat to the general 
public. Indeed no member of the public has so far been injured by a wind 
farm accident, although one small light aircraft did crash into one in the 
United States, killing its crew. In the case of PV, while operationally there 
should be few problems, the manufacture of solar cells can involve the 
use of toxic materials and so presents an occupation health risk. Some 
cells also contain toxic materials and so have to be carefully disposed of 
when no longer used. However, these chemical risks are similar to those 
with the production and use/disposal of many consumer products.

The exception to the low-risk potential of renewables is hydro. Big 
dams can and do fail, and large numbers of people can be killed. For 
example, the Banqiao/Simantan dam failure in China in 1975 claimed 
30,000 lives and around the world there have been many other hydro 
accidents with loss of life. On this basis, large hydro is sometimes put in 
the same category as nuclear, with similar direct death rates per kWh of 
electricity generated.

However, while tragically, in the case of hydro accidents, it is relatively 
simple to estimate the death rate (counting drowned people), with 
nuclear, there are disagreements not only about the death tolls from 
major accident, but also about the long-term impacts of smaller leaks 
and even the regulated emissions, for example, given that the health 
effects may not show up for many years and may not be attributed to 
radiation exposure. Similarly with fossil fuel burning and deaths from 
lung disease. And it is even harder to produce estimates of health impacts 
from climate change and air pollution in the future, and to make sensi-
ble comparisons, especially given the relatively short period for which 
modern (non-hydro) renewables have been used. For example, there is 
as yet little experience with working with offshore wave and tidal stream 
technology, in what is inevitably a potentially hazardous environment.

Overall, making realistic and reliable quantitative long-term compari-
sons across the various technologies is hard, so the reliability of some 
estimates is uncertain (Wang, 2011). For example, in the study mentioned 
earlier by Brook and Bradshaw (2014), on-land wind is seen as having 
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much higher fatalities due to accidents (0.15/TWh) than nuclear (0.04/
TWh), and solar is even worse (0.44/TWh). However, the wind and 
solar figures are based on relatively limited operational experience (large 
capacities have only recently been installed) and for nuclear there are 
divergent views on the long-term impacts of radiation, including low-
level radiation exposure (Fairlie, 2014). Certainly, some very different 
rankings have emerged from other studies. For example, the EU’s long-
running Externe study tried to estimate the extra social and health costs 
of all energy systems, renewables, fossil and nuclear, but it excluded the 
costs of long-term climate change impacts, since they were seen as hard 
to estimate accurately at that time.

On that basis it ranked coal as imposing the highest extra cost, €57/
MWh (more than its generation cost), then gas, tying with biomass at 
€16/MWh, followed by PV solar at €6/MWh. Next came hydro, tying 
with nuclear at €4/MWh. And finally wind was seen as imposing the 
lowest extra cost, €1/MWh (Externe, 2006). A recent study by Ecofys for 
the European Commission included estimates for climate change costs, 
and put nuclear external costs higher at €18–22/MWh, more than for any 
renewable (Ecofys, 2014).

No technology is totally benign, and clearly some renewables do have 
impacts, but they are generally much lower than those associated with 
fossil fuels, especially when the potentially large long-term impacts of 
climate change are taken into account. As for nuclear, while it might 
avoid some of that, it is arguably a little perverse, in health terms, to 
promote a radiation-based technology which has significant potential 
for long-term damage to cellular and possibly genetic material and to 
the health of ecosystems.

What about lower-level social impacts? Some say that wind turbines 
impose unacceptable noise impacts on local residents (Windbyte, 2015). 
There are strict controls of permitted separation distances from habita-
tions and of noise levels, and modern wind turbines are much quieter 
than earlier models. On wind farm sites it is rare to hear more than a 
swish sound even close up, often hard to hear over the sound of wind in 
trees or bushes, or the noise from any nearby road. However, noise, espe-
cially at very low levels, is a subjective issue. Some people cannot sleep 
in a room with fridge in it. And once you are sensitised to it, a noise, 
however low, can become annoying. It has been argued that people who 
are unhappy with wind farms for other reasons (e.g., visual intrusion) 
may well become hyper-sensitised to noise that would otherwise not 
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worry most people. For example, Simon Chapman, a professor of public 
health at the University of Sydney, says that studies have concluded that 
‘pre-existing negative attitudes to wind farms are generally stronger 
predictors of annoyance than residential distance to the turbines or 
recorded levels of noise’ (Chapman, 2012).

However, complaints persist, with some claiming that low-frequency 
infrasound is produced and can have significant health impacts. Many 
machines create ultrasound, often at much higher levels than would be 
possibly experienced at a distance from wind turbines. Several studies 
have been carried out, including major ones covering the United States, 
European Union and Australia, to see if anything really was amiss 
(Murray, 2014; NHMRC, 2015). So far they have not found any serious 
problems. Nevertheless, given that some people clearly do feel they have 
problems, a precautionary approach seems wise. Wind farm develop-
ers may sometimes get exasperated at what can seem like unjustified 
complaints, but they do seek to be good neighbours (Cummings, 2012).

Visual intrusion is a more general problem. Again it is subjective. Some 
people love the look of wind farms, seeing them as inspiring symbols 
of progress to a clean energy future. Others hate them, seeing them as 
gross, ugly industrial intrusions, ruining treasured views, and allegedly 
undermining the value of nearby properties. There is the ‘shock of the 
new’ effect. Some studies have indicated that, while initially, when at 
planning stage, a proportion of local people oppose wind projects, they 
become acclimatized to them once built. Even so, some residual opposi-
tion to wind farms often remains, and that has slowed deployment in 
some countries. There has also been opposition to solar farms on the 
grounds of visual intrusion and land use conflict issues.

Clearly, there is a need for sensitive local consultation over projects 
like this, taking local perceptions on board (Devine-Wright, 2011). It is 
understandable that people who have chosen to live in rural areas may 
resent what they perceive as intrusions (even if in some cases these are 
city people with second homes), while some who are visitors may see 
rural areas as leisure resources. Certainly, there can be underlying rural–
urban conflicts, with cities relying on rural areas for power generation, 
and rural areas having to accept the physical impact, although all do 
benefit from the energy produced. It is notable that, if local residents are 
given an opportunity to share directly in the economic benefits of a local 
project, then opposition reduces significantly. Most of the wind projects 
in Denmark, and many in Germany, are locally owned, for example, by 
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local wind co-ops, and opposition is usually minimal. An old Danish 
proverb is sometimes used as an explanation: ‘Your own pigs don’t smell’ 
(Elliott, 2003). In some cases, however, opposition to wind or solar is less 
about visual intrusion and location than about the technologies’ costs 
and efficiency and more general energy policy issues, which are looked 
at later in this book.

Impacts on animals are also often seen as an important issue. For 
example, poorly sited wind turbines located in seasonal bird flocking/
migration paths have in some cases proved to be particularly problematic 
in the past. That can be easily dealt with by avoiding wind farm location 
in such areas. Most birds in normal flight avoid moving objects, and 
modern large wind turbine blades move relatively slowly, allowing birds 
plenty of time to avoid them. However, some birds clearly do not, but 
the numbers are usually small, as many studies have found (Kraemer, 
2014a). If the problem remains, then acoustic bird scarers are available. 
And it’s worth noting that, although all animal deaths should be avoided, 
cats kill very many times more birds than wind turbines (Milius, 2013).

Wind turbine infrasound noise has been suggested as one explanation for 
the large number of miscarriages and deaths reported for minks in a farm 
near a new wind project in Denmark, but minks, especially in captivity in 
pelt farms, are prone to illness and this case seems inconclusive, although 
much commented on by the opponents of wind farms (Dunchamp, 2014). 
More substantially, wind turbine impacts have been reported on bat popu-
lations. Their lungs are especially sensitive to the pressure drop that occurs 
near moving turbine blades (Baerwald et al., 2008). Evidently, they are 
attracted to stationary or slow-moving wind turbines since they think they 
are trees, and are injured if they start up fully. There are ideas for resolving 
that, including ultra sound bat scarers (Gosden, 2014).

All offshore systems have the potential for significant effects on 
marine wildlife, such as dolphins, porpoise, grey seals, and wildfowl. 
However, studies of the impacts of the technologies used for the 
extraction of energy from offshore wind, wave and tidal flows have so 
far suggested this is minimal. Indeed, once built, these new structures 
in the sea seem to provide habitats for some species: crustaceans seem 
to like the wind turbine foundations, while sea mammals stay clear, as 
do fish (Lindeboomet, 2011). Certainly, compared with the impact on 
fish of the high-speed turbines used in hydro plants or tidal barrages, 
which can cause problems (sometimes avoided by building fish ramp/
ladder routes, e.g., for spawning Salmon), the relatively slowly rotating 
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free-standing tidal rotors in tidal stream turbines represent a low hazard 
for fish. But the first large tidal stream project, Sea Gen in an inlet in 
Northern Ireland, has used a sonar system to monitor the approach of 
sea mammals. They seem to avoid it, but if not, the turbine can be shut 
down while they pass by (Phys Org, 2012).

The use of solar energy does not lead to animal impact issues, any 
more than do windows or other glazed areas, but in the case of concen-
trating solar power (CSP) there have been concerns about impact on 
desert wildlife and, more dramatically, about the lethal impact on birds 
that fly into the focused solar beams near the central power towers, as 
at the 392 MW Ivanpah CSP plant in California’s Mojave Desert. It may 
be that the bright light attracts insects (as street lights do), which then 
attract insect-eating birds that fly to their death in the focused beam. 
Dish and trough CSP designs should avoid the problem, since the heat 
focus is smaller and more contained. But for big sun tracking-mirror 
arrays, focused on power towers, acoustic bird scarers may be a possible 
remedy and a range of other remedial ideas has emerged (Kraemer, 
2014b; Kraemer, 2014c; Kraemer, 2015).

2.3 Carbon impacts

One of the reasons for turning to renewables like wind, wave, tidal and 
solar is that they do not directly generate carbon emissions. However, 
no technology is totally carbon-free. All energy conversion technologies 
need energy for their construction and for the production of the materi-
als they are built from. So there is an energy debt to pay back, and since 
most energy still comes from fossil sources, also a carbon debt. In the 
case of fossil fuelled plants, there are also direct carbon emissions, and 
even with nuclear plants, there is an energy and carbon debt associated 
with the mining and processing of their fuel. Renewables do not have 
that problem. So it is not surprising that most studies have found that 
their lifetime carbon debts are generally lower than for nuclear energy 
systems and certainly lower than for fossil fuelled plants (Sovacool, 
2008).

One way to look at the carbon debt issue is to calculate ‘energy returns 
on energy invested’ (EROEIs), that is, the amount of energy needed to 
build and run a plant compared with the energy it produces over its 
lifetime. That will give an indication of the likely carbon debt, since it 
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will mostly be fossil energy that is used for the materials used in the 
construction of the plants and for producing nuclear fuel.

There are a range of estimates for and views on the ‘energy in to energy 
out’ EROEIs (Gagnon et al., 2002; Gagnon, 2008). But a study by Prof. 
Danny Harvey collated them and put the EROEI ratios for wind turbines 
at up to 80:1 for good sites, and PV solar arrays at 25:1, depending on 
location. They were expected to improve as the technology developed. 
Hydro is a special case since, once built, the plant can run for hundreds 
of years, so EROEIs can be very high: 100–200:1 or even more for run of 
the river schemes. Interestingly, the EROEIs for some energy efficiency 
measure are also high, perhaps up to100:1 for retrofit insulation.

By contrast, the EROEI for nuclear is put at only16:1 and likely to fall, 
as lower grade uranium ore has to be used, down to 5:1 and maybe less. 
In theory, nuclear energy, or even renewable energy, could be used to 
power uranium mining and fuel production, so reducing carbon emis-
sion, but there would be diminishing returns as the ore grade quality 
fell. EROEIs for fossil fuelled plants used to be high, when fossil fuel was 
abundant, nearby and easy to extract, but now have fallen, 5–6.7: 1 for 
coal plants and 2.2:1 for gas plants, as Harvey (2010) quotes.

There are other views, for example, some studies ignore the energy 
debt of fuel inputs. That, predictably, disadvantages most renewables, 
which have no direct fuel inputs, and put nuclear in the lead, although 
long-runnning hydro plants came next. Unsurprisingly, there has been 
a continuing debate on the EROEI methodology used (Weißbach et al., 
2013; Rauge, 2013; Weißbach et al., 2014).

Moreover, for some biomass resources, the carbon debt may be higher 
when the full life cycle is taken into account. For example, it has been 
claimed that burning some types of forest-derived biomass can increase 
the carbon dioxide levels in the atmosphere more than an equivalent coal 
fired plant (RSPB et al., 2012). This is because, although, while growing, 
biomass absorbs carbon dioxide gas, compensating for what is produced 
when it is burnt, this balancing process is not exact and also takes some 
time. Growing, harvesting, transporting and processing biomass needs 
energy and there can be a long delay before the new plantation has 
grown enough to start absorbing carbon dioxide from the air. During 
this period there will thus be a net excess in the atmosphere.

Making full life-cycle estimates of biomass carbon debts is hard, since 
it is difficult to know how far back to go in the cycle and where to draw 
boundaries. So there is a range of figures. But for some forest biomass 
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(e.g., whole tree stem wood) it does seem that the carbon absorption 
delay period can be significant (JRC, 2013a). Essentially what is being 
argued is that burning trees takes a valuable carbon sink out of service 
for a long period. That is not the case for forestry wastes and thinnings: 
they will eventually rot if not collected. So some see them as a sustain-
able energy source. Some also see faster growing biomass and short 
rotation coppicing, for example, of willow, as good energy crop options, 
cutting the carbon re-absorption delay time. There is of course a need 
to consider other aspects, for example, wider biodiversity issues and 
impacts on local water use, and some feel that these cannot be dealt with 
just by proper management and regulation.

Certainly some have fundamental doubts about the value of using any 
biomass for energy production. Two US academics say, bluntly, ‘any use 
of land for the production of bioenergy feedstocks is worse for climate, 
water quality, soil, biodiversity, and overall ecosystem health than is 
the always-available option of restoring land to its ecologically best use 
and getting energy from other (non-biomass) sources. Put another way, 
getting energy from wind, water, or the sun rather than from bioenergy 
allows society to put land to better use than growing energy crops’ 
(Delucchi and Jacobson, 2014).

That may seem a little sweeping. Clearly, there can be problems with 
big ethanol schemes and vast biofuel plantations for producing vehicle 
fuels, opening up major food versus fuel issues. But what about bio-
wastes? For example, anaerobic biogas production from local food scrap 
collection and farm wastes and residues? That involves no extra land use. 
And, as with forest wastes, it is better than letting this material rot in 
the open, releasing methane, a much worse greenhouse gas than carbon 
dioxide. Moreover, if biomass combustion is combined with carbon 
capture and storage systems it could be possible to have negative net 
emissions (Azar et al., 2013). But then just planting more trees and using 
bio-waste and biochar production to enrich soil and enhance carbon 
sequestration might be a better bet (Caldecott et al., 2014).

As can be seen, it is hard to keep discussion of impacts from straying 
into wider strategic issues concerning possible options and routes ahead. 
That is the topic of a later chapter, so for now suffice it to say that land-
use issues and environmental impacts are likely to remain central in the 
years ahead, in part since, as the next chapter suggests, the cost issues 
may be less significant in determining choices. Most renewables are 
getting cheaper, in generation cost terms, becoming comparable with, or 
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less than, fossil fuel and nuclear generation costs, so it is conceivable that 
what will shape choices amongst them is their relative environmental 
costs.

2.4 Conclusions

Renewable energy technologies, like all technologies, do have impacts, 
but as the examples illustrate, they are local rather than global and hope-
fully most can be avoided. That cannot be said of fossil energy technolo-
gies. Their use has both local (air pollution) and global (climate) impacts. 
Although there may be ways to reduce or store some of their emissions, 
there is no way to avoid them, apart from not burning fossil fuels.

Complacency about the local impacts of renewables, for example, in 
the case of wind farms, on birds and bats, has to be avoided. The impacts 
have to be studied and reduced as much as possible by sensitive choice of 
location and technical adjustments (Wang et al., 2015). Similarly for the 
marine renewable options (Bonar et al, 2015). However the impacts have 
to be put in perspective. Climate change and air pollution from fossil 
fuel burning is likely to have a very much larger impact on wild life, and 
humanity, than the use of renewables (Atkin, 2014; RSPB, 2015).

By their nature, renewable energy flows are diffuse and the technol-
ogy for capturing energy from them has to cover relatively large areas. 
However, mankind has happily accepted large areas of land being used 
exclusively for farming, since we need food. Conflicts with that have to 
be avoided, but there are many areas of marginal land not usable for 
cultivation, as well as deserts (for solar) and the sea (for wind, wave and 
tidal).

Some countries have plenty of space. A study by the US National 
Renewable Energy Labs (NREL) suggested that to supply the entire US 
with electricity from PV would need 0.6 of land area, and noted that in 
their base case ‘solar electric footprint is equal to less than 2 of the land 
dedicated to cropland and grazing in the United States, and less than 
the current amount of land used for corn ethanol production’ (Denholm 
and Margolis, 2008). Indeed, even in the cloudy and densely populated 
United Kingdom, a PV trade lobbyist group has suggested that only 1 of 
total UK land area would be required for enough solar arrays to meet the 
United Kingdom’s entire electricity needs, though that ignores balancing 
and (night-time) backup requirements (Bennet, 2012)
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Then there is the risk of major accidents and wider social impacts. 
Meeting this head on, a study by Pushker Kharecha and James Hansen, 
then with NASA, says that, by avoiding emissions from fossil fuels, 
nuclear may have already saved 1.8 million lives, and it could save many 
more in future (Kharecha and Hansen, 2014). But the same would be 
true of renewables, with arguably fewer risks. Indeed on the basis of their 
estimates of carbon emissions from nuclear and wind, and their relative 
costs, Sovacool et al have argued that using wind would save many times 
more lives than using nuclear (Sovacool et al, 2013).

Views like that depend on estimates of cost, and as the next chapter 
shows they can be contentious. Certainly, as has been indicated earlier, 
the extra impact costs can be hard to calculate. Especially since the 
total social and environmental cost of energy production and use are 
not just those associated with carbon dioxide release, land use or water 
use. The release of radioactive materials also imposes costs. So do other 
emissions. A paper published in Climatic Change looked at ‘the social 
cost of atmospheric release’, including carbon dioxide , noxious/acid 
sulphur and nitrogen oxides, methane and other emissions from fossil 
fuel burning. It put environmental damage costs at $330–970 billion p.a. 
for current US electricity generation, adding around 14–34 cents/kWh to 
the price of electricity from coal plants, and around 4–18¢ /kWh for gas 
plants (Shindell, 2015).

A 2013 US study, which also covered wind and solar, used the US 
governments ‘social cost of carbon’ (SCC) measure (which also includes 
SO2 costs), which, in the revised version it developed, put the social cost 
for unabated new coal plants in the range 6.2–22.6 cents/kWh and of gas 
plants 2.4–10.1c/kWh. Unsurprisingly, it found that, adding the social 
costs to standard US Department of Energy estimates for generation 
costs, meant that wind (at 8 cents/kWh) and PV solar (at 13.3c/kWh), 
clearly beat new coal plants (at 15.5–31.9c/kWh), and wind also beat new 
gas plants (at 8.6–16.3c/kWh), as could PV in the higher cost gas range, 
all depending on the discount rates and carbon costs used. Adding 
CCS sequestration to coal and gas plants still left wind ahead, but gas 
plants (at 8.9–9.8c/kWh) then came out cheaper than PV (Johnson et al 
2013). That study did not look at nuclear, but the Ecofys report for the 
European Commission mentioned earlier did, and as already noted, put 
its total extra life-cycle environmental and social cost, including around 
€4/MWh for accidents, at €18–22/MWh (1.9–2.3c/kWh), lower than for 
coal or gas, but more than for any renewable (Ecofys, 2014).
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Although in some eco-impact studies the resultant rankings differ 
slightly (Hadian and Madani, 2015), and there are issues relating the 
material requirements of renewable energy technology (a topic discussed 
in Chapter 5), the overall results generally concur with the message of this 
chapter. The social and environmental impacts and costs of renewables 
are mostly low, in most cases much lower than those associated with the 
use of fossil fuels, and also lower than for nuclear, with some claiming 
that the latter, with social and environmental costs added, is the highest 
cost option of all (Schneider, 2015). However, while adding in the full 
extra ‘external’ costs gives a big advantage to renewables, there are still 
debates about the raw costs of the various energy options. That is the 
subject of the next chapter.
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3
Economic Issues: Green Energy 
Costs and Support Options

Abstract: Renewable energy costs are falling, in some 
case dramatically, so that some are now competitive with 
conventional energy sources. Subsidy systems have helped 
them develop and will still be needed for most for a while, 
especially if subsidies continue to be offered to conventional 
energy technologies. But wind and PV solar are moving 
rapidly down their learning curves, and the other renewable 
options should follow. Guaranteed price Feed-in Tariffs 
have been the most successful support option, in some cases 
enabling consumers to buy into generating and exporting 
power themselves, thus changing the nature of the energy 
market. However, concerns about the need to maintain 
competitive pressures have led to new more market-orientated 
support schemes, for example, involving contract auctions.
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3.1 Falling renewable costs

Renewable energy will get nowhere if it is too expensive. So far, most 
new renewable energy technologies have had relatively high generation 
costs and required subsidies to get them established. In itself, that is no 
reason to treat them as a failure. Most new technologies face the same 
challenges and some, including it seems nuclear power (despite being 
far from a new technology), have yet to overcome them. However, most 
renewables do seem to be moving to lower costs.

This is not a recent development. In its 2011 report on ‘Deploying 
Renewables’ the International Energy Agency (IEA) said that ‘a port-
folio of renewable energy technologies is becoming cost-competitive 
in an increasingly broad range of circumstances, in some cases provid-
ing investment opportunities without the need for specific economic 
support’ (IEA, 2011).

Moreover the situation has now moved on, so that, in its report 
‘Renewable Power Generation Costs in 2014’, the International 
Renewable Energy Agency (IRENA) said the cost of generating electric-
ity from renewable sources had reached parity and even dropped below 
the cost of fossil fuels for many technologies in many parts of the world. 
It concluded that biomass, hydro, geothermal and onshore wind are all 
often competitive with or cheaper than coal, oil and gas-fired power 
stations, even without financial support and despite falling oil prices. 
Solar PV, with, in 2014, 180 GW in use globally, was leading the cost 
decline, with PV module costs falling 75 since the end of 2009 and the 
cost of electricity from utility-scale PV falling 50 since 2010 (IRENA, 
2014b).

In many countries, including within Europe, onshore wind, with 
around 360 GW globally in 2014, has become one of the most competi-
tive sources of new electricity capacity. IRENA noted that individual 
wind projects were consistently delivering electricity for $0.05/kWh 
without financial support, compared to $0.045–0.14/kWh for fossil 
fuel power plants. The average cost of wind energy ranged from $0.06/
kWh in China and Asia to $0.09/kWh in Africa. North America also 
has competitive wind projects, with an average cost of $0.07/kWh. The 
most competitive utility-scale solar PV projects are, it claimed, deliv-
ering electricity at $0.08/kWh without financial support, and lower 
prices are possible with low financing costs. PV costs in China, North 
and South America were within the range of fossil electricity and were 
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dropping rapidly in the Middle East, with a recent tender in Dubai, 
UAE, at 0.06$/kWh.

These are bold claims, but they do seem to be backed up by continuing 
trends. For example, in the United Kingdom, two PV solar projects were 
offered strike prices, under the 2014 Contracts for Difference (CfD) round, 
of £0.05/kWh ($0.07), near to then current UK electricity wholesale prices, 
three others £0.079/kWh, and a new offshore wind project planned for off 
Denmark has been given a contract at around £0.07/kWh ($0.10).

That is not to say that all the renewables are competitive across the 
board yet. Some of the figures mentioned are best prices for good sites, 
and gas and/or coal remain cheap competitors. In most locations, 
renewables are still facing well-established conventional sources, which 
have enjoyed, and in some cases continue to enjoy, extensive subsidies.

Table 3.1 shows a 2011 rendition of the then current and projected 
2040 situation, produced for the UK government. Table 3.2 shows some 
2014 US estimates for 2040 cost. They are both very conservative esti-
mates, except arguably in the case of nuclear. Moreover, the situation 

table 3.1 Generation cost estimates per MWh delivered in the United Kingdom 
Levelised cost in £/MWh

Electricity option Current cost Cost in 

Onshore wind – –
Offshore wind  –
Tidal barrage  –
Tidal stream  –
Wave (fixed/floating) – –
Hydro (small/run of river)  –
Solar photovoltaics (PV) – –
Biomass (wastes/short rotation coppice) – –
Biogas (anaerobic digestion/wastes) – –
Geothermal  
Nuclear (water-cooled reactors) – –
Gas with Carbon Capture and Storage – –
Coal with Carbon Capture and Storage – 

Note: The data in the table are not definitive: critics have suggested that the estimates 
for nuclear are very optimistic (being for as yet un-built plants of new types) and those 
for renewables pessimistic, given price reduction trends for actual projects. Certainly 
Mott Macdonald say they were ‘bullish’ on nuclear costs, and critics have argued that in 
fact nuclear costs are likely to go up (Harris et al., 2012). And since 2011, PV costs have 
fallen dramatically to be more like the 2040 estimates! Some look to new technology 
to reduce nuclear costs, with mini-nuclear plants being one option. In the past nuclear 
plant size has grown, in the hope of reducing costs: there is no certainty that going in 
the opposite direction will be any more successful (MacKerron and Johnstone, 2015).

Source: Mott MacDonald (2011).
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is changing rapidly, so that many of these ‘official’ estimates now look 
dated. It is also important to note that estimates vary by country, given 
differing resource availability, investment and labour costs, as is shown 
in Wikipedia’s convenient, if somewhat dated, assembly of estimates 
from around the world (Wikipedia, 2015).

As can be seen from the tables, onshore wind comes out as being 
competitive with almost all else both now and by 2040, but PV solar 
remains relatively expensive, as does offshore wind in the US table. That 
already looks dated. Onshore wind projects in the United States have 
been getting contracts at well under $50/MWh (£33). And as noted, in 
the United Kingdom, PV projects have been offered £50–79/MWh CfD 
strike prices (DECC, 2015). In parallel, CfD wind projects are going 
ahead at under £80/MWh onshore and under £120/MWh for offshore 
sites, with cost having fallen by 11 since 2011. In the long term, the UK 
Energy Technologies Institute has suggested that advanced offshore 
wind projects, using the best floating systems, could get the cost down 
to £100/MWh by 2020, £85 by 2025, £64 by 2030 and £51/MWh by 2050 
(ETI, 2014). Although that may prove pessimistic, as noted earlier, a 
Danish offshore wind project is going ahead at £70/MWh.

In making economic comparisons, as in the tables, care has to be 
taken over the framework used. There is an often large difference 
between retail price (what consumers pay) and wholesale cost (for the 

table 3.2 US electricity cost 2040 $/MWh

Conventional coal . 
Integrated Coal-Gasification Combined Cycle (IGCC) . 
IGCC with CCS . 
Combined Cycle (gas) . 
Advanced Combined Cycle . 
Advanced CC with CCS . 
Combustion Turbine . 
Advanced Combustion Turbine . 
Advanced nuclear . 
Geothermal 
Biomass . 
Wind . 
Wind offshore . 
Solar PV .
Solar thermal .
Hydroelectric . 

Note: Levelised cost of electricity, with grid costs, 2012$, US Department of Energy, 
EIA (2014) This seems optimistic on nuclear, pessimistic on offshore wind & PV.
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generators), reflecting transmission and distribution cost, maintenance 
and other overheads, profits and any energy or carbon taxes imposed, 
these usually being passed on to consumers. More generally there are the 
costs of borrowing money to build plants, with interest on loans having 
to be paid while the plant is being built, and before it is earning any 
income. To exclude that, use is sometimes made of so-called overnight 
costs, as if the plant could be built instantly, but of course that depiction 
artificially advantages plants with long construction times, like nuclear 
plants (which can take ten years to complete), as opposed to solar, which 
can be installed in weeks, or wind farms, which can be installed in a few 
months. An alternative approach, so-called levelised costing, spreads the 
full construction cost over the life of the plant, as mentioned in Tables 3.1 
and 3.2. That too has problems. Interest rates and costs vary over time, so 
making guesses and projecting them over the plant’s full life can lead to 
errors, and in any case, most projects in reality pay off their investment 
costs as soon as they can. Wind and PV projects can pay off their cost in 
months, unlike big capital intense plants.

To some extent it is also unfair to ask renewables to be able to compete 
with fossil fuels, given that the latter have large environmental and 
health costs usually not reflected as yet in the price of energy. Some esti-
mates were looked at earlier. IRENA says that, when damage to human 
health from fossil fuel use is considered in economic terms, along with 
the impact cost of CO2 emissions, the price of fossil-fuel-fired power 
generation rises by between $0.07 and $0.19/kWh. There are also local 
development and regional social equity issues. IRENA says that for 1.3 
billion people worldwide without electricity, renewables are already the 
cheapest source of energy and renewables also offer massive gains in 
cost savings and security for islands and other isolated areas reliant on 
expensive and polluting diesel.

IRENA also claim that renewables are competitive even when inte-
grating high shares of variable renewables into the electricity grid. It says 
that ‘additional spinning reserve to meet voltage fluctuations, to allow 
for intermittency and provide the capacity to ride out longer periods of 
low sunshine or wind, can add to overall system costs’ but, although they 
depend on a range of factors, including location and market structure, 
‘estimates of these costs ... are in the range of $0.035-0.05/kWh with vari-
able renewable penetration of around 40’ (IRENA, 2014b).

Backup grid support/backup costs have certainly often been portrayed 
as the Achilles heal of variable renewables, but IRENA concludes, ‘when 
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the local and global environmental costs of fossil fuels are taken into 
account, grid integration costs look considerably less daunting, even with 
variable renewable sources providing 40 of the power supply. In other 
words, with a level playing field and all externalities considered, renewa-
bles remain fundamentally competitive.’ Indeed the IEA even says that, 
with up to 45 penetration, backup/grid balancing might add 10–15 to 
costs, given technology development and higher carbon prices, in time 
‘the extra system costs of such high shares of variable renewable energy 
could be brought down to zero’ (IEA, 2014a).

The specifics of grid balancing will be looked at in Chapter 4, but as 
can be seen, as far as IRENA and the IEA are concerned, it is not a major 
economic issue. Getting support for renewable expansion, however, still 
is. There is nothing like a level-playing field.

3.2 Support options

The starting point for any discussion of support systems for the new 
energy options must be that the existing energy options already enjoy 
massive subsidies. The Overseas Development Institute says that, globally 
in 2011, for every $1 spent to support renewable energy, another $6 were 
spent on fossil fuel subsidies (ODI, 2013). Similarly, according to the IEA, 
governments pumped over $0.5 trillion into subsidies for oil, gas and coal 
in 2012 globally, six times more than for renewables (IEA, 2012). Nuclear 
power has, if anything, been even more heavily subsidised, most obvi-
ously in terms of R&D spending, with, in the EU, around 78 of energy 
supply related R&D funding in the period 1974–2007 going to nuclear. 
Historic investment support for nuclear projects in the EU has also been 
high, at up to €8 billion per annum, compared with €5 billion per annum 
for coal (Ecofys, 2014). The global picture is similar. Although support 
for nuclear R&D has fallen off in recent years (as has most R&D), nuclear 
had the lion’s share of energy R&D funding in IEA member countries for 
many decades, up to 80 in the 1970s (IEA, 2007).

While subsidies like these have continued to outpace those for 
renewables, some of the subsidies renewables received have been very 
effective at getting costs down and building up capacity. So it is tragic 
that there have of late been moves to reduce them. Launching its third 
annual Medium-Term Renewable Energy Market Report, Maria van der 
Hoeven, IEA director, said governments should hold their nerve:
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Renewables are a necessary part of energy security. However, just when they 
are becoming a cost-competitive option in an increasing number of cases, 
policy and regulatory uncertainty is rising in some key markets. This stems 
from concerns about the costs of deploying renewables. Governments must 
distinguish more clearly between the past, present and future, as costs are fall-
ing over time. Many renewables no longer need high incentive levels. Rather, 
given their capital-intensive nature, renewables require a market context that 
assures a reasonable and predictable return for investors. (IEA, 2014b)

The big success story has been the Feed-in Tariff (FiT) guaranteed price 
systems introduced across the EU, and then in some other places (e.g., 
Japan). They have carried all before them, leading to rapid expansion of 
renewable capacity, wind power especially. However, in some cases, for 
example, with PV solar, as take-up boomed faster than expected, this 
approach initially led to high cost pass through to all consumers.

So in a recession and with PV costs also falling, in part due to the 
success of the FiTs in building an expanding market, FiT levels have been 
cut back across the EU. You could see this as a success story. Although 
consumers have certainly paid substantial amounts, FiTs had helped 
prices fall, so they were now less needed, although the scale of the cut 
cutbacks in some countries, in some cases retrospectively, led to bitter 
reactions from those who had invested in PV projects.

A US National Renewable Energy Labs report says FiTs were 
developed

when the cost of renewable energy technologies was significantly higher than 
both conventional electricity prices and utilities’ avoided generation costs. 
As renewable technology costs continue to fall and conventional fuel prices 
continue to rise, these policies are being adapted to these new power sector 
economics. In Germany, for example, the levelized cost of solar energy is 
now significantly below the retail price of electricity. In other regions such 
as in the Caribbean and the Pacific Islands, renewable electricity sources 
are increasingly competitive at the wholesale level as well, undercutting the 
avoided cost of generation from diesel or heavy fuel oil ... partly in response 
to these changing cost dynamics, policymakers in certain jurisdictions are 
beginning to introduce policies that do not fit neatly into the ‘traditional’ 
policy categories. (NREL, 2015)

The United States itself has a mixed system, a federal tax credit system 
nationally and Renewable Portfolio Standard (RPS) targets set in most 
states. A recent MIT report commented unfavourably on them both and 
said that it was ‘not obvious why the output quota or RPS approach is so 
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popular in the United States when experience internationally has made it 
so unpopular elsewhere’, and that there was ‘no general economic reason 
to favor a quantity-oriented approach like RPS over the price-oriented 
approaches generally used internationally’ (MIT, 2015). The NREL report 
looked at some examples of the newly emerging schemes elsewhere, 
including some combining FiTs and contract auctions, and premium 
market approaches, as being developed in Germany and recommended 
by the EU as a competitive market replacement for fixed-price FiTs 
across the EU from 2017.

Like the US RPS, auctions in theory encourage price competition. 
However, the NREL report notes, they also ‘tend to favour large play-
ers that are able to afford the associated administrative and transaction 
costs’. So some of the NREL’s conclusions are what you might expect: 
‘the case of France demonstrates that retaining a FiT for smaller project 
sizes can help drive significant investment in projects typically owned by 
individual citizens or residents’. And, in France, it found that ‘the move 
to auctions resulted in higher per kWh payments for generators, rather 
than lower prices’.

That was certainly the experience with the NFFO auction system in 
the United Kingdom and also its certificate trading replacement, the 
Renewables Obligation (RO), with UK consumers being charged more 
per kWh of electricity produced than consumers elsewhere under FiTs. 
Under the guaranteed-price FiTs, developers could borrow investment 
capital at low rates, whereas with the RO’s certificate trading system, 
income varied unpredictably, and investment capital cost more, pushing 
up the price that had to be charged (Mitchell et al., 2006). The impacts of 
the United Kingdom’s new Contracts for a Difference (CfD) system have 
yet to become clear, but it too involves competitive contract auctions for 
renewables. Some say that in developing countries, with fewer affluent 
consumers, auctions may be better than FiTs (Shrimali et al., 2015), but a 
combination, plus set-up grants, may be best.

Whatever the system, these subsidies do have to be paid for. That 
is often a politically charged issue, whether the funding comes from 
taxpayers or consumers, via levies or surcharges, as with FiTs or the RO. 
However, the costs have to be put in perspective. The UK government 
says that in 2013 the various renewable energy subsidies added about 3 
to power bills. Fossil price rises were far larger. As renewables expand, 
these support cost will initially rise, but they should fall in time as the 
technology and market develops.
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When will the need for subsidies end? In a report on grid price parity, 
international consultants Poyry say retail grid parity will be reached 
sooner than wholesale parity and in some countries has already been 
reached, but they focus on the tougher issue of wholesale grid price 
parity. They claim that PV solar will get there first, ahead of wind, led, 
in the EU, by the south. Spain will, they claim, reach PV wholesale 
parity as early as 2021 followed by Portugal (2022) and Italy (2025–2032 
depending on region). As for wind, they say Ireland will achieve grid 
parity in 2020 followed by the United Kingdom in 2021, due to high 
achievable onshore wind load factors in these countries, but elsewhere 
later. However, Turkey gets to grid parity for PV in 2018 and for onshore 
wind in 2019, ahead of the rest, due to higher wholesale electricity prices 
in the country (Poyry, 2014).

Poyry concludes: ‘A system where wind and solar become competi-
tive with wholesale market prices will mark a massive shift in the 
evolution of these technologies’. However, it warns that overall across 
the board wholesale grid-parity for renewables ‘remains a long way off, 
and unless there is a further shift in capital or deployment costs, most 
large-scale renewables deployment in the next 20 years will remain 
subsidised’.

This seems a bit pessimistic given the examples Poyry and IRENA 
provide of cost reductions for specific technologies and locations, but 
it may nevertheless prove hard to wean developers off subsidies. The 
FiT system includes an automatic annual price reduction (‘degression’) 
mechanism meant to match expected market and technology trends, 
that is, reflecting the so-called learning curves, showing how prices fall 
with technical progress and market uptake. That should help the FiT 
level to bottom out over time.

Learning curves are useful guides to potential progress, so it is worth 
exploring them in a little more detail. They actually apply to any technol-
ogy. As technologies develop and markets for them build, prices fall, so 
that there is a direct link over time between the volume of the product 
sold or in use and the cost of its purchase or use. The price reduction 
and product uptake data tend to follow exponential curves, down and 
up respectively, over time, and if plotted against each other on log-log 
graphs, a roughly straight line result, a near linear fall off. This is the 
so-called learning curve, still referred to as a curve despite being linear. 
Its slope (or ‘progress ratio’) will vary depending on the technology. 
Road gradient percentages are used.
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In the case of energy technologies, the plots are usually of cost per unit 
of energy versus total capacity installed or total energy produced. There 
is some debate over their reliability and a range of estimates (Jamasb and 
Köhler, 2008). However, the slope of the curve for PV is usually seen as 
the highest, typically up to 20. It gets cheaper faster. Wind comes next 
at around 18. Wave and tidal have been put at 10–15. Most fossil-based 
technologies now show no sign of reduction; they have reached the end of 
the line, while, on some measures, nuclear has a negative learning curve. 
In part due to constant redesigns to add more safety features, it is getting 
more expensive, at least in the EU or United States (Boccard, 2014).

It seems that in most cases the learning curves hold true over long 
periods, so there is a degree of predictive ability, if enough data exists to 
identify the slope or other trend. However, there are limits. The curves 
may hold well for specific well-defined technologies, but the innovation 
process and market changes can throw up discontinuities and some of 
these may be so radical than in fact it is a new technology, with a new 
learning curve.

That may explain the odd results for nuclear. There have many so many 
completely different designs and no chance of series learning, except for 
the standard widely used PWR design, which some say once had a learn-
ing slope of around 5, though now stagnating. If mass deployed, new 
nuclear technology might lead to breakthroughs, but, so far, there is little 
sign of continuity.

For PV, the result of technical change has been different, with very 
rapid movement down its learning curve, or curves. In theory, if tech-
nologies continue down their learning curves, they will eventually reach 
the point when their cost is effectively zero. In reality this might mean 
that they are so cheap that companies give them away, but charge for 
using them in some way. For example, in the consumer electronics field, 
mobile (cell) phones and even laptops have sometimes been given away 
free but with contracts required for their use. DVD players, once cost-
ing several hundred dollars, are now so cheap the market is more about 
the software/content and even that is now becoming available cheap 
online, so as the technology moves on, new markets have to be set up. 
How this would translate into the energy sector is unclear. PV may get 
so cheap, with spray on ink dye materials and 3-D printing of solar cells, 
it becomes a low-cost ubiquitous building material, with energy storage 
perhaps becoming the main cost.
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Certainly, the pace of change for PV solar has been very rapid, 
especially in Germany. In fact PV has moved down its learning curve 
much faster than expected, so the initial annual price degression rates 
adopted in Germany turned out not to be sufficient to cope, and, along 
with the basic FiT price offered, they had to be revised. Although the FiT 
cutbacks in Germany (and elsewhere) were arguably rather too abrupt 
and severe, and coincided with cuts imposed due to the wider economic 
recession (in Spain especially), overall it is clear that PV costs have fallen 
dramatically. Furthermore, prices look set to continue to fall.

The German think tank Agora Energiewende says that solar PV will 
be the cheapest form of power within a decade, at 4–6 eurocents/kWh 
in the EU by 2025, and 2–4 c/kWh by 2050. Or even as low as 1.5c in 
countries with more sun (Parkinson, 2015a). Investment bank Deutsche 
Bank said in 2015 that PV will be at grid price parity in up to 80 of 
the global market within two years, since grid-based electricity prices 
are rising across the world, and PV costs are still falling. Its 2015 solar 
outlook by leading analyst Vishal Shah predicts solar module costs will 
fall another 40 over the next four–five years (Parkinson, 2015b).

Moreover solar PV is not alone. Wind, the early lowest-cost winner, is 
still making very good progress. For some maritime countries, offshore 
wind will be the big resource, and as illustrated, costs are falling, but 
onshore wind is also getting even cheaper. A report by Lawrence Berkeley 
National Labs for the US Department of Energy, says that all-time 
low wind energy prices in the United States have increasingly enabled 
projects to be built in lower wind speed areas. Wind turbine prices have 
fallen 20–40 from their highs in 2008, with prices offered by projects 
to utility purchasers averaging $25/MWh for contracts in 2013 (Wiser 
and Bolinger, 2013).

The other renewables are also making progress. Wave and tidal stream 
systems are still expensive at present, but there is an expectation that 
some of them will follow the path pioneered by wind power and reach 
commercial viability within a few years. GW-level deployments are 
anticipated globally in the 2020s (IRENA, 2014b). Solar thermal systems 
are already a major success. In addition to a growing number of electric-
ity producing concentrating solar plants (around 4 GW so far globally), 
and more underway (Castillo, 2014), there is over 400 GW(th) of heat 
supplying solar capacity in use around the world, up from 270 GW in 
2012, much of it in China, offsetting expensive fossil heating fuel and 
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dirty and increasingly scarce traditional biomass fuels (Mauthner and 
Weiss, 2013; REN21, 2015).

Modern biomass, for electricity and transport fuels, as well as for 
heat, is widely seen as a major potential growth area (bioenergy supplies 
around 14 of total global energy at present), although as noted in the 
previous chapter (and also discussed later), there are some key environ-
mental issues with the use of some types of biomass. Similarly for large 
hydro. However, like some biomass options, it can be cheap. Indeed, in 
many cases, for well-established projects with construction costs paid 
off, large hydro is the cheapest source on the grid (NHA, 2015). While 
the prospect for more large hydro (as opposed to smaller schemes) may 
be limited, or at least contested, some see geothermal (12 GW of global 
electricity so far) as a big new option in some locations, with enhanced 
deep geothermal techniques making it more economic. It is already seen 
as competitive in parts of the United States (GEA, 2015).

Not all the renewables will prosper, though there may be surprises 
ahead even for some of the currently more expensive ones. What is 
striking about the entire renewable energy field is the extent and pace 
of innovation underway, with many new ideas emerging (Elliott, 2013). 
For most existing options, the trend is to ever lowering costs, nearing 
or reaching competitiveness with conventional sources, and as has been 
illustrated in this chapter, in some cases that has been quite dramatic. 
While the newly developing options will still need support on their way 
the lower costs, given trends like this, it could be that subsidies will no 
longer be required for most existing renewables, though that assumes 
subsidies for fossil and nuclear projects are no longer forthcoming.

That is far from clear. Fossil fuel projects continue to go ahead, some 
with subsidies or tax relief (e.g., for shale gas projects in the United 
Kingdom), as do some nuclear projects, with some still being offered 
more support than for renewables. For example, while new renewable 
energy projects in the United Kingdom are being given contracts for 15 
years under the CfD system, the proposed Hinkley nuclear project has 
been offered a £10 billion investment loan guarantee, coupled with a 
35-year contract at a guaranteed index-linked strike price of £92.5/MWh 
(HM Government, 2013). That is higher than wind and PV are likely to 
need by the time the Hinkley plant is built, if it goes ahead. Indeed, as 
noted earlier, under the first full round of the CfD, some wind and PV 
projects have already been given contracts at lower prices. By contrast, 
under current plans, the generous Hinkley CfD subsidy will run until 
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2058, by which time wind and PV are likely to be very much cheaper and 
most other renewables should also have reached grid price parity and 
will need no support.

3.3 Conclusions

Divestment campaigns around the world may make it harder for fossil 
fuel projects to obtain funding in future. The World Bank says it will 
invest heavily in renewables and clean energy and only fund coal projects 
in ‘circumstances of extreme need’, where no clean option was viable at 
a reasonable price, because climate change will undermine efforts to 
eliminate extreme poverty (Kim, 2014). With some governments also 
indicating that they will no longer support investment in large fossil 
energy projects overseas, the social and environmental costs have begun 
to come home to roost. The World Bank does not provide funding for 
nuclear projects, and getting finance for new nuclear projects may also 
be increasingly difficult, as costs and risks rise, unless government are 
willing to step in, and it seems few are.

By contrast, as this chapter has shown, renewables are getting cheaper. 
There may be occasional divergencies from this trend, as happened in 
the case of wind energy in the United States when there was political 
uncertainty about the renewal of the federal production tax allowance. 
The rise in energy prices, driven by oil price increases (it went over $100/
barrael in 2008/2009) also had a knock-on effect on the manufacturing 
cost of renewable energy technologies, especially those with high energy/
materials requirements. However, these hiccups apart, the cost trend has 
been down and that has helped support dramatic take-up and continual 
market growth. For example, for wind, the global annual market grew by 
44 in 2014 (GWEC).

Although in an increasingly risk adverse investment climate getting 
finance for any projects is hard, renewables are one of the few areas 
of rapid growth, with the recession producing only temporary overall 
reductions. The slowdowns in the West have been partly balanced by 
expansion in the East. Consultants Ernst and Young’s 2014 retrospective 
study of ‘Europe’s Low Carbon Industries’ confirmed the view that China 
was leading. It noted that ‘concerns about future policy support in the 
EU and the US have delayed investment decisions since 2011. Renewable 
energy investments in the EU and the United States respectively 
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decreased by 58 and 33 between 2011 and 2013. On the other hand, 
China’s investments, which benefited from a more stable framework, 
increased by 8 between 2011 and 2013’ (Ernst and Young, 2014).

With the recession lifting, investment in renewables globally in 2014 
has been put at $270 billion, a 17 rise from the 2013 figure of $232 
billion (GTR, 2015). Investment capital has come from banks and funds, 
less often from governments, but increasingly directly or indirectly 
from consumers, via FiT systems, which reward ‘self-generating’ private 
domestic investors, while passing the costs on to all users, with PV solar 
being the key option.

The growth of the so-called prosumer movement in Germany has been 
spectacular. By 2013, of the near 80 GW of renewable capacity that was in 
place, 35 was owned by private domestic consumers, and a further 11 
by farmers. The idea is spreading. The International Energy Agency noted 
that in some countries ‘it is now more cost-effective for households to 
produce their own power from PV than to purchase electricity from the 
grid’ (IEA, 2014c). In addition, there is a growth of local energy co-opera-
tives. For example, in Germany, there are over 940 energy co-ops, with, in 
2014, 76,500 members, most of them involved with renewables, in towns 
and in rural areas, and over 100 rural communities have become 100 
renewable energy based (DGRV, 2012; Debor, 2014).

This spread of local ownership has challenged the market power of 
the big energy utilities and may represent a new focus for decentralised 
energy development and energy system financing, with utilities, if they 
are to survive, moving into a servicing role (Schleicher-Tappeser, 2012). 
As we will be seeing later, this is already happening in Germany. That 
is not to say that more conventional renewable energy projects will not 
also go ahead, with some of them being needed to balance the overall 
system, but the balance between large and small, local and centralised, 
is changing. The next chapter looks at how that balance may play out 
in practice, in terms of system integration. Can a coherent system be 
created that balances variable renewables at various scales?
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4
Integration Issues: Dealing 
with Intermittency

Abstract: Some renewable energy sources are variable, so that 
mechanisms have to be available to balance their impact on 
the power grid system. Grid systems already deal with supply 
and demand variations, in part by ramping backup plants 
up and down, and with moderate levels of renewables added, 
this will remain sufficient, but as and when the renewable 
contribution rises, the existing mechanisms will have to be 
extended and additional mechanisms added. Options include 
smart grid demand-management systems, supergrid imports 
balanced over time by exports of excess supply, increased use 
of pumped hydro and new compressed air storage systems, 
along with power-to-gas systems converting surplus supply to 
stored hydrogen/methane and flexible CHP/district heating 
systems linked to large heat stores.
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4.1 Power grids and balancing renewables

The newly emerging energy system based on renewable sources will 
be very different from the systems that exist now around the world. In 
those, the emphasis has been on a few large plants sending electricity 
long distances down grid transmission lines to large numbers of consum-
ers. That made sense in that large coal-fired plants could be located near 
coalfields or ports, and large coal plants were more efficient than small 
ones. When nuclear plants were added to networks in some countries, 
they too were large and were mostly located well away from cities for 
safety’s sake.

The system logic began to change when small very efficient gas turbines 
became available. The gas grid could supply them wherever they were, 
often nearer to users. The advent of renewables takes that new logic to 
the next stage. In many cases, generation could be done near users, or 
even by users. That would avoid the energy losses from long-distance 
transmission. Perhaps 10 is lost over each 1,000 km. However, not all 
renewables can or should be locally sited near users. Large wind farms 
are best sited where the wind is strongest and most reliable, which will 
usually be in relatively remote upland areas, or of course offshore. The 
location of wave, tidal and hydro projects are inevitable geographically 
defined, as are geothermal projects. So there is still a need for grid trans-
mission to link them to users, although it will be more of a matrix type 
network than a big central grid.

The grid can also play a key role in resolving what some see as the 
major problem with renewables, the fact that some of the sources are 
variable. For example, the winds do not always blow everywhere all the 
time. The grid can help balance variations in local wind availability and 
demand. Some areas may actually have more that they need at some 
point in time and can export it to areas which need energy but, at that 
time, have low wind. Similarly for solar. Local energy availability and 
local energy demands can thus be balanced, to some extent, though 
to get fuller balancing, longer transmission distances may be needed, 
across whole countries, regions and even continents. With ‘supergrids’, 
electricity is shifted, for example, across the EU, using high-voltage 
direct current (HVDC) links. There will be energy losses with long-
distance transmission, as with conventional grids, but with HVDC they 
are much lower, perhaps 2 per 1,000 km. Many studies are underway of 
the viability of such an approach (Elliott, 2012).
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As can be seen, this is a long way from the idea of relying on local 
decentralised energy, although these options are not antagonistic: they 
can support each other, with local surplus feeding into the supergrid. 
It makes sense to share excesses around, especially from areas where 
the resource is large and reliable, as, in the extreme, with solar in desert 
locations, but this supergrid idea is only part of the solution to local 
renewable variability. To understand the others, it is helpful to look at 
how the grid system works at present. When there is a local shortage, 
or when a power plant fails, backup capacity is used to fill the gap. This 
rarely involves starting up plants from cold (that takes time), but instead 
uses already running plants, in what is called ‘spinning reserve’ mode, 
ramped up to meet sudden peaks in demand. That is done all the time. 
Every evening there are peaks and the system copes happily with them, 
mostly using the linked-in gas turbines. The demand surges are usually 
short, an hour or so at most. With variable renewables on the grid these 
plants would just ramp up and down more often to meet any shortfalls. 
There is no need for new extra backup plants, since they already exist, as 
do other grid balancing systems, and can be used to balance renewables, 
at least assuming moderate input levels (Boyle, 2009).

4.2 Grid backup and balancing

Denmark already obtains well over 30 of its annual average electric-
ity from wind power and it seems that up to around that level, existing 
systems can cope quite happily, with few major changes needed. The 
existing backup plants are of course at present fossil fueled, mostly 
gas turbines. Running these plants occasionally more often to balance 
renewables would reduce the fuel saved and carbon emissions avoided 
by having renewables on the grid by a small amount. Gradually though 
some of these plants, or their improved replacements as they get old, 
could use renewable fuel to avoid the carbon emission entirely, for 
example, biogas. In addition, use could be made of surplus electricity 
from wind and solar plants to make hydrogen gas, by the electrolysis 
of water. This could be stored and then used to fuel the standby plants 
when needed. In some versions of this so-called power to gas idea now 
being tested, the hydrogen is converted to methane gas, using carbon 
dioxide captured from air or from the exhausts of fossil power plants 
(DENA, 2014a). Power-to-gas systems could be an increasingly logical 
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option when moving beyond around a 30 contribution from variable 
renewables, since then there would be more surplus energy to convert to 
help with balancing. Using it in this way makes more sense than simply 
dumping it, although, depending on the market, it may be more attrac-
tive to export it, for example, via the supergird.

The system described in outline should be able to handle short- to 
medium-term variations in supply and demand, and can be augmented 
by importing energy, if needed and available, on the supergrid. That 
can reduce the need for backup, perhaps, on average, by up to half for 
a cross-EU supergrid system (Aboumahboub et al., 2010). There is also 
another form of backup, which is already used, pumped hydro. When 
there is surplus electricity it is used to pump water up behind a hydro 
dam into its reservoir. When electricity is needed, this extra head of 
water is released through the hydro project’s turbines. Pumped hydro, 
using cheap off-peak electricity and supplying electricity to the grid 
when there is peak demand, is well established, but now it has an extra 
role, balancing variable renewables, for example, excess wind-derived 
electricity from Denmark is being exported to hydro projects in Norway 
and electricity imported back when there is no wind/high demand in 
Denmark (JRC, 2013).

As more renewables are added to the grid, extra large storage systems 
like this may be needed, and they, along with the backup plants and 
reserve capacity, could also play a role in meeting longer-term lulls in 
renewable availability. There are several other bulk storage options, 
including compressed air stored in large underground caverns, and 
the production and storage of liquid air, for use when needed to drive 
turbines. However, storage is expensive, and for the moment simple 
gas turbine backup plants are a cheaper way to balance both short- 
and longer-term variations in renewable availability. Basically storing 
gas, whether fossil gas or green gas, is easier and cheaper than storing 
electricity.

As we shall see later, there is debate as to when and if large-scale stor-
age will be needed. There is, however, one storage option that is arguably 
viable now, namely, heat. Heat storage, if done with large units, is very 
efficient, with low losses, since the surface to volume ratio of the store 
goes down with size. It offers a grid balancing option. For example, gas 
or biomass-fired Combined Heat and Power (CHP) plants generate heat 
and power and feed the heat to district heating networks, or it can be 
stored for later use in large heat stores. The ratio of heat to electric power 
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produced by a CHP plant can be changed quite rapidly. So if demand 
for power is low and/or there is too much coming from renewables, 
more heat can be produced, and if it is not needed at that point it can be 
stored, in large water tanks. Alternatively, if demand for electric power is 
high, CHP power output can be increased and heat output reduced, with 
any extra heat demand being met from the store (JRC, 2012). CHP is 
increasingly being biomass fired, and surplus electricity from wind/PV 
can also be converted into heat using immersion heaters in the stores. So 
emissions from the CHP system, already relatively low, are cut further.

Finally, there is yet another approach which may be the cheapest grid 
balancing option of them all, that is, managing demand. Some loads can 
be deferred without much impact on users, for example, commercial and 
domestic freezer units can coast without power for some hours without 
noticing the loss. Interactive load management systems can switch off 
loads automatically, subject to users’ prior agreement, during peak 
demand times, in effect shifting the peak until later. A similar result can 
be obtained by the introduction of variable ‘time of use’ charges, with 
high prices being charged at peak demand times. Softer variants offer 
consumers online information on demand and costs, via smart meters, 
to allow them to plan their energy use better. The hope is that the devel-
opment of ‘smart grid’ systems like this could change the relationship 
between supply and demand fundamentally, making it possible to cope 
with reduced input from variable renewables, and, by reducing waste, 
limit the extra cost (IEA, 2015).

4.3 Grid balancing: the longer term

It is sometimes claimed that plants using variable renewable sources 
will need full, 100, backup, since at times there will be no energy avail-
able from them. As can be seen, in fact, at present, this backup already 
exists, in the form of standby plants and other grid balancing measures, 
including, if needed, the use of fast-acting short-term reserve plants. 
That is because what is sometimes called ‘intermittency’ is not limited 
to renewables. All plants can and do shut down unexpectedly, and, as 
described earlier, the power grid system is designed to cope with that 
and the daily demand variations, mainly by ramping up output from 
‘spinning reserve’ plants, as well as, for very small variations, by vary-
ing mains frequency. As argued, this system should be able to cope with 
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renewables up to quite high levels, aided by CHP/heat stores, smart grid 
demand management and, if needed, supergrid imports. Pumped hydro 
and other storage options could also help, especially with the possibly 
larger and longer loss of power issues, for example, during long wind 
lulls, when there may also be a need to crank up extra reserve plant to 
meet gaps, calling on the built-in extra plant margin that grids have for 
this purpose. In addition, some renewables, like geothermal and biomass, 
and indeed hydro, are not variable and would be available when there 
were long lulls in wind and solar inputs. Tidal schemes should also be 
able to supply inputs when wind and solar inputs are low, since the tides 
are unrelated to wind or solar energy, and pumped storage is also an 
option for tidal barrages/lagoons.

Would this type of balancing system work with very high levels of 
renewables? A Poyry report for the UK Committee on Climate Change 
spelt out how it would be possible to balance ‘stretching but feasible’ 
2050 scenarios with high levels of renewables, supplying up to 94 of 
the United Kingdom’s annual electricity needs (Poyry, 2011). They found 
that ‘the electricity system was able to accommodate these high levels of 
renewable generation whilst complying with the specified constraints on 
emissions and security of supply’. However, they said ‘this was at the cost 
of shedding low variable cost generation [i.e., some dumping of surplus 
power] and construction of new peaking capacity’ after 2030.

By contrast, a study by the UK Pugwash group, to which I contributed, 
found that up to 80 of UK electricity, and possibly more, could come 
from renewables by 2050, without the need for any new fossil backup 
plants, if supergrid links and power-to-gas systems were developed for 
grid balancing, exporting and/or using the surplus output rather than 
shedding it. Using the 2050 Pathways modeling system produced by the 
UK Department of Energy and Climate Change, the study also found the 
system would be robust against variations in renewable availability over 
time (Pugwash, 2013). Poyry’s 94 renewables scenario was similarly 
robust. They reported that ‘in our (very) high renewable scenarios, we 
found that there is relatively little difference between the level of security 
of supply ... in an average weather year and from the level in one of our 
extreme weather years’.

In these high renewables scenarios, there would be no need for 
nuclear. Indeed it has been argued that it would just get in the way, since 
nuclear plants are inflexible and would not be able to ramp up and down 
regularly and quickly to balance variable renewables. Given that it is 
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often argued that ‘always available’ base-load is vital and that nuclear can 
provide it, it may be worth exploring this issue in a little more depth.

While the economic case for nuclear may be weak, and in the longer 
term there may be fuel scarcity/carbon emission issues, some still say it 
should and could play a role in the interim in backing up renewables. 
The reality is that this is a limited option. Nuclear plants cannot vary 
their output rapidly or regularly without safety problems. In addition to 
heat stress issues with regular ramping up and down, it takes time for the 
activated Xenon gas that is produced, when reaction levels are changed, 
to dissipate. That can interfere with proper/safe reactor performance. 
Nuclear plants are in any case usually run 24/7, as base-load load plants, 
so as to recoup their large capital cost. While some can respond to daily 
energy demand cycles (demand peaks in the evening, low demand at 
night) they cannot cope with the fast irregular variations likely with 
wind and so on on the grid. It is conceivable that they could be used to 
cover the occasional longer periods when wind and so on is at minimum, 
but that would mean running the nuclear plants at lower level at other 
times, ready to ramp up slowly to meet the lull periods, which would 
undermine their economics.

Moreover, if there is a large nuclear contribution, and also a large 
renewables contribution, there can be head-to-head operational conflicts 
when energy demand is low, for example, at night in summer, when, in 
the United Kingdom, demand is around 20 GW. The United Kingdom 
is aiming for 16 GW of nuclear in the 2020s and more later, taking it 
well beyond 20 GW, and maybe 30 GW of renewables by around 2020 
and more later. So, assuming all the occasional excess output cannot be 
exported, or stored, which plants would be turned off when demand is 
low? The nuclear operators do not want nuclear output to be ‘curtailed’. 
Nor do the renewable plants: they would lose money. It would be a waste 
either way. The two technologies are incompatible at large scale on the 
same grid.

It is conceivable that nuclear plants could be run in power-to-gas 
mode, generating hydrogen gas when their electricity output is not 
needed, in which case that might be used to balance renewables. Some 
old plants may end up being used in this way for example, in France, 
which will have many more than it needs as renewables expand. 
However, it is unlikely that anyone would build new nuclear plants for 
this purpose, given their high cost and poor economics in this  operating 
mode.
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It is possible that new smaller, cheaper, nuclear plants may emerge, 
which could be run in CHP mode, supplying heat to local users, but 
would everyone be happy to have mini-nuclear plants in or near cities? 
Even more speculatively, nuclear fusion may be viable in the longer term, 
post-2050, and, rather than being used for base-load, used for hydro-
gen production, in which case it might offer a way to balance variable 
renewables. However, fusion is still some way off. Certainly, even if all 
goes well with the current research work, it will not be available in time 
to deal with the urgent problem of climate change, or to help renewables 
to do that in the near term.

There may thus be limits to the role that nuclear might play in the new 
energy system, and as has been indicated, although there would still be 
a need for some backup plants, along with other balancing measures, 
the provision of ‘base-load’ may actually not be the central concern. As 
a cross EU-report for Agora Energiewende put it, looking to 2030, ‘base 
load capacities will decrease relative to those of today, while peak load 
and mid-merit capacities will increase’, all of which means a very differ-
ent approach to system design and management: ‘renewables, conven-
tional generation, grids, the demand side and storage technologies must 
all become more responsive to provide flexibility’ (Agora, 2015).

How far can this go? Can fossil fuel backup be avoided? Some 
tests have already been carried out on flexible system management 
in Germany, with a ‘virtual’ power plant system combining wind and 
PV solar, along with hydro pumped storage and biogas top-up plants. 
Using advanced system management software, it was found possible to 
meet varying electricity demand over a full year with little need for grid 
imports and no fossil backup (Barnham, 2014). Moving to a full-scale 
national system may require more inputs and balancing, especially 
if heating and transport needs are also to be met. However, as already 
indicated, in a comprehensive total energy system, the various scales 
and types of renewable would be located in and balanced by a flexible 
smart grid based and supergrid-linked supply and demand system, with 
CHP/heat stores playing a role, partly backed up by ‘firm’ renewables 
(hydro, geothermal and biomass), able to supply output on demand, and 
by ‘power to gas’ conversion of surplus from variable renewables. That 
was suggested for the Pugwash UK high renewables scenario mentioned 
earlier. Interestingly, the Pugwash 2050 non-nuclear, 80 renewables 
pathway (with around 70 coming from indigenous UK renewables) 
was not only robust in a five-day ‘stress test’ for viability when renewable 
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inputs were low and demand high, it also avoided the need for new fossil 
backup, though it used the residual 20. Interestingly it cost slightly less 
than an equivalent high nuclear scenario that was explored in parallel. 
Moreover, its large wind element produced significant excess electric-
ity at times, and, it claimed, exporting this via a supergrid could earn 
the United Kingdom £15 billion p.a. In practice though it might not 
always be possible to sell it all at reasonable prices (that would depend 
on demand in the EU): it was envisaged that, on average, perhaps half 
would be used to make storable gas for grid balancing and, possibly, for 
heating and transport use. With extensions (including more renewables 
and more power-to-gas conversion), it was suggested that it should be 
possible get up to near 100 renewables, supplying most energy needs, 
although the cost might rise, depending on the success with developing 
new technology, with the transport sector probably being the most diffi-
cult to deal with, given that the Pugwash scenario avoided importing 
biofuels/biomass (Pugwash, 2013). A more recent high renewables UK 
study by researchers at Imperial College London, which excluded the 
use of biomass entirely, and focused just on electricity supply, concluded 
that ‘using current technologies, renewable shares up to about 80 are 
possible without significant cost increases’, although they added ‘to go 
beyond that, improved technologies (either for dispatchable supply or 
for storage) and/or significantly increased interconnection and imports 
from beyond the UK are necessary’. Even so ‘only for the scenarios with 
renewables above 70 of installed capacity do costs start rising above 
0.10 GBP/kWh, and only for 90 and 100 renewables do the costs go 
significantly beyond that figure’ (Pfenninger and Keirstead, 2015).

Looking many decades ahead, as in scenarios like this, is hard, given 
they are inevitably technologically speculative and also based on assump-
tions about future demand. It looks possible at some point, but it is hard 
to be sure when or even if non-fossil options can meet all needs in all 
sectors, including backup and balancing needs. So, although scenario 
like those mentioned do try, it is even harder to come up with cost 
figures for balancing that are reliable, and it may well be cost that is the 
defining issue. However, we might be able to extrapolate from current 
experience. At present these costs are shared by all generators (or rather 
the suppliers, who pass them on to consumers), since all plants need 
backup. With some old plants going off line and new variable renewable 
plants coming on line, the UK government has set up a Capacity Market 
to make sure that there will be enough capacity available for backup 
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when and if needed. Most of the plants already exist, but the new market 
provides extra payment to make sure they are available for extra service 
if needed. Around 50 GW has been contracted in this role, including 
some storage plants. The cost is being passed on to the consumer and the 
government has said the first 50 GW of contracts would add around £11 
extra to typical annual bills. So that gives an idea of backup costs now, 
with renewables supplying around 19 of UK electricity in 2013.

As renewables expand, grid balancing systems must also expand, and 
hopefully more of this will make use of non-fossil-fuelled plants, but the 
IEA says that even at a 45 renewable penetration, backup/balancing 
would still only add 10–15 to electricity costs, and it claims that this 
could be reduced as technology improved, and would be offset by savings 
from reduced fossil fuel use and associated carbon costs, so that, in the 
long term, the net extra cost of using variable renewables may be low or 
even zero. Indeed the IEA suggests that, depending on carbon cost and 
technology/system improvement, eventually, the net cost may even be less 
than for conventional systems (IEA, 2014). That may seem technologically 
optimistic, but, as we have seen, there is a range of types of balancing 
options available, some of which, on the demand side, may reduce net 
costs (by avoiding wasteful over-production), or in the case of supergrids, 
earn an extra income from exports, while overall reducing the need for 
backup plants and other balancing measures (Rodriguez et al., 2014).

There is much work being done in this field currently, seeking to iden-
tify optimal approaches to balancing with large renewables contributions, 
and cutting across many engineering disciplines (Apt and Jaramillo, 2014; 
Jones, 2014; Sorensen, 2014). Some interim conclusions have emerged 
from a World Bank review, which says that ‘With the right combination 
of new policies and investments, countries can integrate unprecedented 
shares of variable renewable energy into their grids without compromis-
ing adequacy, reliability or affordability’. However, it warns that to best 
manage the challenge of integrating higher levels of variable renewable 
energy (VRE), 60 or more, into electricity grids, ‘policy, planning and 
regulatory interventions should be designed to minimize overall system 
costs subject to meeting performance targets, rather than minimizing 
the costs of VRE generation alone’ (Martinez and Hughes, 2015).

A similar point was made in a recent paper looking at high renew-
able energy mixes (30–50 and beyond) in the United States: it is the 
total system cost that matters, requiring judicious choice of balancing 
techniques and generation options (Becker et al., 2015).
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Within that general framework, there is a range of possible mixes, 
types and scales of renewable supply. There is a debate over whether 
the focus should be on using electricity options for heating, as currently 
envisaged. It may be hard to replace gas for heating, for example, in the 
United Kingdom, the gas grid carries about four times more energy 
(mostly for heating) than the electricity grid. Indeed gas grids might 
be better than electricity grids in some contexts, not least since gas can 
be stored. There is also a debate about what should be the right scale of 
renewables, large or small systems. All in all, there is plenty to discuss.

4.4 The renewables mix

As noted earlier, some renewables are best used on the medium to large 
scale, as with wind, wave and tidal farms, exploiting specific locationally 
defined energy resources. There are clear economies of scale for some 
renewables. For example, since the energy available from wind turbines 
is proportionate to the square of the radius length of the turbine blade 
and the cube of the wind speed, a large MW-scale machine on a windy 
hill will produce very much more output than the same total generation 
capacity of a series of small kW machines in low wind speed urban areas. 
Although PV solar can be used at any scale, there are advantages at larger 
scale, for example, reduced costs from bulk buying and a shared bulk 
installation/connection programme, with many projects being done at 
the same time, or with large solar farms being installed in easier to access 
and link up sites. Indeed MIT says power from utility-scaled PV can cost 
70 less than from residential units, in the US context (MIT, 2015)

Enthusiasts for decentralisation argue, however, that smaller-scale 
localised systems offer social and political benefits, including oppor-
tunities for local control and ownership, as with solar energy. The late 
Hermann Scheer was a champion of this view, which he outlined in his 
2005 Solar Manisfesto: ‘Since everybody can actively take part, even on 
an individual basis, a solar strategy is ‘open’ in terms of public involve-
ment ... It will become possible to undermine the traditional energy 
system with highly efficient small-technology systems, and to launch 
a rebellion with thousands of individual steps that will evolve into a 
revolution of millions of individual steps’ (Scheer, 2005). The prosumer 
and local energy co-op movement in Germany and elsewhere has now 
fleshed out this vision.
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At the extreme, enthusiasts for self-sufficiency look to totally off grid 
systems, and in some remote locations this may be the only option. 
However, in most parts of most industrialised countries, linking to the 
grid makes sense, since it allows users to export any excess electricity and 
top up from the grid when they are short. That is what the prosumers in 
Germany do, and it is central to the FiT system. It is also very helpful 
for overall balancing, so everyone gains, with local surpluses potentially 
being distributed widely and linking, via the grid, into outputs from 
larger more remote renewable projects.

However, new technological developments may alter the balance. PV 
solar is getting cheap and new battery storage systems are also getting 
cheap, so that some say consumers could run independently. In parts 
of the United States, for example, there is talk of ‘grid defection’ (RMI, 
2014), and, given the spread of PV, the same issue could be relevant in 
Europe (Spross, 2014). A UK study noted that ‘Until recently, individual 
storage units were not seen as a viable option, but prices have fallen 
rapidly (from $500/kWh in 2013, to $360/kWh in 2014) and financial 
institution, such as UBS, are predicting further cuts, with prices as low as 
$100/kWh within 10 years’ (Mitchell et al., 2014).

It went on:

This accelerated expected decline in storage costs is a reflection of the confi-
dence in the development of batteries for Electric Vehicles (EVs). Batteries 
are now ubiquitous and there is clear cross-over between the technology 
developments in the different sectors. It was the drive for lower costs for 
laptop batteries that accelerated falling prices in the EV sector. However, 
now it is EVs that are driving down storage costs. The most graphic example 
is the Tesla company, one of the world’s leading EV manufacturer, which 
announced in September 2014 that it will build a $5 billion ‘Giga factory’ that 
will double the global annual production of EV batteries and potentially half 
their production costs.

Tesla later launched $300/kWh home-scale battery units.
There is certainly enthusiasm for a more decentral approach, with PV 

and storage by consumers being seen as a key. However, not everyone is 
convinced that this individual-house approach, even if it also expanded 
to include PV on other buildings (shops, offices, factories warehouses), 
along with the necessary backup batteries, would be able to supply suffi-
cient energy for all needs, year round. In particular it seems unwise and 
unrealistic to forgo the potential inputs to the grid from larger systems 
like wind, wave and tidal farms. It is also not clear if this independent 
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approach would be optimal in energy terms, and in terms of balancing 
variations in energy output and demand (Borenstein, 2015). A key prob-
lem is that energy storage of whatever kind is still expensive, especially on 
the small scale, and as illustrated earlier, there are other, arguably better, 
ways to balance variable renewables, including using the grid. So there is 
a debate on the merits of and prospects for energy storage (POST, 2015).

4.5 The storage issue

It is certainly true that most forms of storage are at present expensive. 
Indeed this may always be the case, since, by definition, storage systems 
deliver energy only for part of the time, so their capital cost/kWh output 
is bound to be high. The only time that storage makes economic sense is 
when there is no alternative energy source available; that is why we pay a 
huge amount (in £/kWh terms) for small portable batteries, for example, 
for torches and radios. But in terms of bulk energy supply, storage is 
viable only if the cost of the input energy is very low and/or the price 
that can be charged for the energy output is high. That would be the case 
when variable renewables supplies are low, but energy demand high, and 
no other sources are available. However, in most cases, other sources are 
available, and are often low cost, such as natural gas. So the argument 
goes, storage will never compete with cheap gas turbines, which already 
exist on the grid. Especially if there is a need to store energy over any 
length of time – hours or days or even weeks. Gas can be stored for long 
periods, at low cost and with very low losses. Indeed gas pipeline systems 
act as an energy storage buffer.

This issue has come to a head in Germany, where a leading think tank 
has claimed that energy storage may not be cost effective in Germany in 
helping the transition to a higher grid penetration of renewable energy 
until that penetration level reached as high as 90. Agora Energiewende’s 
report, ‘Electricity Storage in the German Energy Transition’, said that, 
in the next 10–20 years, the use of energy storage was not likely to be 
more effective for allowing renewable energy to be integrated into the 
grid than a mixture of other options aimed at giving energy systems 
more added flexibility.

However, the Agora study did see circumstances where storage could 
help, for example, with fast, short-term grid balancing for use when the 
grid suddenly lost power due to a large plant failure or sudden demand 
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rise. An Agora spokesman said: ‘So far this can only be provided by fossil 
fuel power plants and what we saw in the study was that batteries can add 
value there and are really well technically suited for that’. And he did not 
dismiss domestic-scale batteries used with PV. Customer-sited storage 
could have a ‘relieving effect on the distribution network when used in a 
grid-supporting manner’. The batteries in Electric Vehicles might also do 
that: the ‘vehicle-to-grid’ idea, with EV batteries being charged from the 
grid overnight at home but also being available to meet demand peaks 
on the grid if needed. But large-scale bulk storage was not needed yet 
(Colthorpe, 2014).

Agora’s view flies in the face of much conventional thinking, and 
drew criticism from amongst others, DENA, a leading German Energy 
Agency. Stephan Kohler, its chief executive, said: ‘Electricity storage 
facilities are essential for the energy turnaround. Anyone who alleges 
otherwise is damaging the energy turnaround and, in the end, is risking 
the supply security in Germany’ (DENA, 2014b).

Certainly large-scale pumped hydro storage is often seen as a key way 
forward for balancing variable renewables, along with newly emerging 
ideas like Compressed Air Energy storage (Gaelectric, 2011) and Liquid 
Air Energy storage (Highview, 2015). Some flow batteries also look 
promising (Darling et al., 2014).

Some of this may get underway soon. A very ambitious $8 billion 
project has been proposed in the United States, involving a 2.1 GW 
wind farm in Wyoming sending electricity by HVDC grid 525 miles to 
an underground salt cavern compressed air storage facility in Utah, and 
then 490 miles on to Los Angeles (PennEnergy, 2014; Gruver and Brown, 
2014). However, that is a one-off so far, and even the more established 
pumped storage option is facing challenges in the United States and the 
EU (Ela et al., 2013; Jones, 2012).

The debate on storage is surprisingly charged. Anti-renewables 
lobbyists sometimes argue that variable renewables need storage, and 
since that is expensive they are not viable. That may be why some pro-
renewables lobbyists argue that large-scale storage is not necessary. And 
as can be seen, that may be true in general terms, at least not yet, for bulk 
storage, while there are still other plants on the grid, and may not be 
for some time, if grid balancing can be achieved by smart grid demand 
management and supergrid electricity exchanges. Although clearly, if 
cheap storage does become available, it could be very useful, possibly 
cutting system cost (Pfenninger and Keirstead, 2015).
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However, that depends on the context and the type: what is needed 
in the storage debate is more clarity about the scale and purpose of 
storage. Not all storage systems are the same. Some can store large 
amounts of energy for long periods (hours, days or even weeks), others 
are good at fast discharge for short periods. If you want very long-term 
inter-seasonal storage, heat stores are probably the best (e.g., for solar 
thermal), but if you want fast electric grid balancing, then conven-
tional batteries or advanced chemical flow batteries are better. Horses 
for courses. Some can be used for local voltage support and others for 
bulk storage. And there are other factors. Some options are geographi-
cally determined (e.g., pumped hydro and underground compressed 
air stores), others can be sited anywhere, nearer end users (e.g., liquid 
air stores), but still possibly at large scale, including large Lithium-ion 
Batteries (Kanellos, 2014).

The energy storage industry is facing unprecedented innovation: new 
ideas are being tested out and niches may exist for many of them, includ-
ing big batteries: a 5MW/5MWh project has opened in Germany and 
some see that as a way ahead (Hales, 2014). The United Kingdom is also 
looking at large (2 MW) battery stores (Sheffield University, 2014).

Meanwhile domestic-scale storage continues to make some inroads. It 
will be interesting to see which approach wins out. Batteries are certainly 
making progress, Lithium Ion units especially, for example, for domes-
tic short-term electricity balancing (Normark et al., 2014; Tesla, 2015). 
However, the focus may not just be on batteries, or even just electrical 
power, given the need for longer-term bulk energy storage and for 
heat supply. For example, on the larger scale, there are large heat store 
systems linked to district heating networks in Denmark and elsewhere, 
fed by solar heat. They capture summer heat for use in winter. Excess 
electricity from wind farms could also be stored. A similar interseasonal 
solar-fed heat store system is used for a housing complex in (often very 
cold) Canada.

At the same time, on the small scale, there are systems enabling 
individual domestic consumers to feed any excess electricity from their 
rooftop PV array to their hot water boiler heat store, using an immer-
sion heater. This means they can use less gas for heating, though direct 
solar water heating might actually be a cheaper option than using PV. 
Moreover, if you have excess PV electricity, it may be better to export 
it. Then others can use the electricity. Offsetting relatively low carbon 
directly used fossil gas in homes may not be the best interim option: it is 
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better environmentally to offset high carbon fossil-derived electricity. As 
can be seen, the battle over scales, types, storage and sources continues!

Certainly the deployment of PV solar has led to some conflicts, with 
storage adding a new dimension. It is worth looking at this in more 
detail, given the implications for system integration. Domestic consum-
ers with PV still usually use the grid system to earn extra income from 
exporting any excess and also for backup to meet shortfalls, sometimes 
without contributing to the overhead costs of running the grid system. 
That may be seen as unfair, and there are moves to charge prosumers’ 
system-use charges. However, prosumer self-generation means that the 
grid system is relieved of the need to supply power some of the time, 
which should offset some of the extra local grid management/upgrade 
costs they impose by the need to manage the power they export. If 
prosumers invested in local domestic energy storage that would change 
the situation: some might even go off grid entirely. In that opt-out situ-
ation, though they would not be using the grid, the system costs for the 
rest would still rise, since there would be fewer linked-in consumers 
sharing the residual costs. So there is plenty of room for misgivings. If 
PV users stay on the grid, but do not pay a surcharge, they can be seen 
as ‘free riders’, enjoying an ‘elite’ private option paid for by the poor. 
Equally though some see attempts to get PV users to pay system costs as 
a way for the utilities to resist the spread of PV (and home storage) and 
the disruption it causes to their operations and profits. The utilities are 
clearly being challenged. Some of them even worry that consumer might 
store cheap off-peak grid power and sell it back during peak demand 
times at higher prices! A study by MIT noted that conflicts over these 
retail price issues have already emerged in the United States, and says 
‘robust, long-term growth in distributed solar generation likely will 
require the development of pricing systems that are widely viewed as fair 
and that lead to efficient network investment’ (MIT, 2015). However, that 
will not be easy. Certainly that is indicated by the battles over a new tax 
on PV and storage in Spain (Pentland, 2015). Clearly, system design and 
integration involves more than just technology.

4.6 Conclusions

Integrating renewables into a viable energy supply and demand system 
can be done to some extent piecemeal, but the newly emerging system 



Integration Issues

DOI: 10.1057/9781137584434.0007

will be very different and there will need to be a holistic view to establish 
an optimal approach. At present, that is some way off, although recent 
studies offer some policy and economic insights on the impacts of vari-
ous UK possible mixes.

The overall prognosis is good. As the study mentioned earlier of 
electricity supply mixes by researchers at Imperial College London 
concluded, ‘even with the conservative cost assumptions used, achieving 
renewables shares above 80 is feasible from a cost perspective and from 
a technical perspective to the degree that hourly data can demonstrate 
this’ (Pfenninger and Keirstead, 2015). In terms of grid balancing, and 
on the basis of detailed spacial (20 UK regions) and temporal (hourly) 
modeling, it saw storage as being important: ‘The availability of grid-
scale storage in scenarios with little dispatchable generation can reduce 
overall levelized electricity cost by up to 50, depending on storage 
capacity cost.’ But for high renewable scenarios, it also saw a need for 
supergrid links and firmer renewables: ‘For more than an 80 renew-
able generation share to be economically feasible, large-scale storage, 
significantly more power imports, or domestic dispatchable renewables 
like tidal range must be available.’

Also, looking at the balancing technology choices, and using hourly 
modeling, a study from researchers at Southampton University 
specifically compared the cost of an interconnector-based approach with 
storage-based approaches in the United Kingdom: it said storing hydro-
gen in underground caverns offered the lowest cost long-term solution 
(Alexander et al., 2015). However, a study for Agora Energiewende, cover-
ing Germany, France, Switzerland, Austria and the Benelux countries, 
concluded that cross-border interconnection ‘mitigates flexibility needs 
from increasing shares of wind and solar’ and had many overall system 
integration advantages, reducing the need for storage and the level of 
surplus power curtailment (Agora, 2015). That contrasts strongly with 
the results of a more critical study (on wind) for the UK-based Adam 
Smith Institute, which claimed that, since at times there would be no 
wind power available to exchange via an EU supergrid, storage and/or 
massive backup would be vital (Aris, 2014). Clearly debate continues over 
the balancing options, and indeed, from a similarly somewhat contrar-
ian perspective, as to whether the system as a whole could work reliably 
without (or perhaps even with) continued backup (Andrews, 2015).

Certainly there are interesting and important divergencies of views, 
even amongst those who strongly support a green energy transition, 
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for example, over the right supply scales and mixes within the system. 
As noted earlier, some see large-scale systems linked via supergrids as 
an anathema, and more of the same, others fear that fully decentralised 
systems will only be part of the answer, and look to a mix of both small 
and large, so as to aid system balancing. Many environmentalists oppose 
large hydro, although, as indicated, it may be able to play a key role in 
balancing variable renewables. Some ‘greens’ also oppose the use of 
biomass. And yet biomass offers a storable fuel resource, which can be 
used to provide ‘firm’ power for grid balancing.

Some of the wider policy conflicts may be unresolvable, but some 
may be resolved or changed by technological developments. There is a 
flurry of innovation and rethinking on how to balance energy supply 
and demand. New views and new technologies are emerging across the 
board. For a fascinating overview see ‘The Exergeia Report’ (Martin, 
2015), which includes nano-technology solar developments. For an 
equally breathtaking survey see Keith Barnham’s ‘The Burning Answer’ 
(Barnham, 2014). That focuses on small-scale local solar for electric-
ity and also perhaps syn-fuel production. Developments like this may 
change the whole energy equation, while opening up new integration 
issues and options.

At the much larger scale there have been proposals for installing large 
Concentrating Solar Power (CSP) plants or large PV solar arrays in desert 
areas of North Africa and transmitting some of the electricity back to the 
EU, via undersea HVDC supergrids. Similar ideas have been proposed 
for CSP in the Gobi desert, feeding supergrid links across Asia. In an 
early version of the European version of this ‘Desertec’ idea, as well as 
providing for local needs, 15 of the EUs electricity was to be generated 
in this way (Desertec, 2015). That would open up many issues concern-
ing, for example, the terms of trade with mostly poor host countries, the 
risk of ‘land grab’ exercises by investors from the richer northern coun-
tries and also security of supply: as with oil, the EU would be dependent 
once again on energy imported from overseas. It could also be argued 
that EU countries can and should generate their own green power and 
that importing it might provide an excuse not to (Elliott, 2012).

Major regional initiatives like this may take time, and will need careful 
assessment. At present, the focus has moved away from supergrid links to 
Desertec-type projects, and, within the Middle East-North Africa region, 
on to CSP just for local uses, but the huge desert solar resource, and the 
potential for long-distance access to it, is unlikely to be ignored in the 
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long term, and in the meantime, interconnectors and supergrid networks 
are beginning to spread piecemeal across the EU and elsewhere, to aid 
energy trading and renewable balancing. In the long term, given their 
potential for grid balancing, we are likely to see many more supergrid 
networks spread, linking up resources in, and across, many countries, 
and even across whole regions. Indeed it might even eventually be possi-
ble to have a global network, a global energy internet, allowing daytime 
solar to be used by those in nighttime locations (Chatzivasileiadis et al., 
2013).

Ideas for global grid integration like this may seem utopian and 
certainly are some way off. They are also very technology focused, as has 
been most of the discussion earlier looking at the energy supply side, 
large and small. However, changes on the demand side are equally impor-
tant. As already noted, there are ideas for dynamic demand management 
and local energy storage, which could mean that that demand peaks 
are adjusted to match supply availability, the reverse of the historical 
approach. At the same time there is a need to reduce overall energy use 
and energy waste, which will help reduce the balancing problem, since 
then fewer renewable supply inputs are needed to meet the reduced 
demand. Certainly there are many opportunities to do this in all sectors, 
with, for example, potential savings of up to 40 by 2030 having been 
identified in the United Kingdom (DECC, 2012). Energy use in build-
ings, in the domestic sector especially, has been a major focus and much 
more can clearly be done (IEA, 2013). Indeed, some say that such is the 
potential for energy saving that this should be the major focus, rather 
than supply (Olivier, 2012).

However, there may be limits to the success of energy saving projects 
as a means of reducing total demand, or even peak demand, including 
the so-called rebound effect. If consumers save money by investing in 
energy efficiency or smart metering, they may spend the money saved 
on other more energy intensives good and services, thus undermining at 
least some of the carbon emission savings. There has been a long running 
debate over the likely scale of this effect, but most agree that, although 
there may be ways in which it can be reduced, it could be significant 
(Druckman, 2011; Gillingham et al., 2014). There has also been a long 
running debate over whether operating on the demand side, by install-
ing energy saving measures in houses, is as cost effective as an option 
as is sometimes assumed. For example, some claim that it is easier to 
insulate a pipe than a house, so linking to district heating networks can 
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be cheaper than fully insulating old buildings (JRC, 2012; Elliott, 2015; 
ETI, 2015).

More generally it is sometimes argued that operating on the supply side 
can avoid having to make social changes and lifestyle adjustments, some 
of which may be strongly resisted: it is the classic technical fix, trying 
to avoid unwelcome social change. That issue is taken up in Chapter 6, 
where it is argued that both technical and social change are likely to be 
needed, along with political policy changes. As should be clear from 
the present chapter, major changes will also be needed to ensure that 
grid systems are integrated and balanced. Most of the specific changes 
are technical, but, as with the overall process of shifting to a sustainable 
energy future, they will also require political and institutional change at 
the national and global level: new policies for a new future. That is the 
focus of the next chapter.
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5
Policy Issues: How to 
Change the World

Abstract: There are many scenarios suggesting that it would 
be possible to move to energy systems with near 100 of 
electricity, and perhaps of total energy, being supplied from 
renewable energy sources by around 2050. This may not 
be possible in every country, but there are some ambitious 
plans for moving in that direction. Most focus on wind 
and PV solar, along with biomass, although for some 
environmentalists the latter remains controversial if on a large 
scale, as does large hydro. However, there is more than enough 
potential to allow for a range of mixes, with a key issue being 
the appropriate balance of large and small-scale systems and 
the overall direction of travel, for example, to what extent are 
social changes also needed?
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5.1 The way ahead

There are now many scenarios outlining possible pathways ahead for 
supplying near 100 of global electricity or even of energy from renew-
able sources by around 2050, most of them taking balancing needs into 
account (Cochran et al., 2014). They include the already-mentioned 
‘100 by 2050’ scenarios for the EU, and a US study with 80 and 
perhaps up to 90 of electricity coming from renewables by 2050 (Mai 
et al., 2012). In addition, new high renewable scenarios, backed by energy 
saving, have emerged for many other key countries and regions, includ-
ing China, India, South Korea, Japan (ISEP, 2013; WWF, 2013, 2014; 
Sorensen, 2014). How can they be turned into reality?

It is unlikely to be sufficient just to leave it up to market forces. 
Renewables may be getting cheaper, and cost-cutting energy saving may 
be making even more sense as conventional energy prices rise, but there 
are still powerful forces defending and promoting the existing supply 
and energy use energy options. They are being challenged, often on a 
case-by-case basis, by environmental and other grass roots groups, but 
to move ahead more rapidly, governments also have to play a role, at 
the very least by resetting markets and imposing emission controls. The 
rest of us also have a role to play, in terms of changing the way we use 
energy. Efforts to ‘nudge’ people into making changes may have some 
impact, and some behavioural changes may well be both good for us and 
welcomed, but few will take kindly to imposed changes in behaviour. 
However, changes will be imposed involuntary if and when the climate 
situation worsens. It remains to be seen to what extent significant behav-
ioural change will emerge before then: demand for electricity is falling in 
some sectors and countries, but as is explored in Chapter 6, some may 
find it hard to escape the lure of consumerism and growth. So the appeal 
of supply-side technical fixes may be strong.

The current state of play on the energy supply side is certainly quite 
promising. As illustrated earlier, renewables are expanding rapidly, 
supplying 19 of total global energy by 2014, driven by a mixture of 
technological advance, government initiatives and, in some locations, 
prosumer enthusiasm, and progress is also being made on taming 
demand. But globally this is being offset by increases in the use of fossil 
fuels, partly in response to growing energy demand in some parts of 
the world, but also since some fossil fuel prices have been (temporarily) 
lowered by the advent of cheap shale gas, chiefly in the United States.
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However, there are signs of progress. As noted earlier, the IEA says that 
emissions from the energy sector in 2014 were at the same level as in 2013, 
which, given that world’s economies had in general moved out of recession, 
suggests that policy responses, rather than economic factors, were having 
an impact (Briggs, 2015). More robust policies to reduce the emphasis on 
fossil fuel may help that trend to continue, but only if new non-fossil 
energy sources are developed. That had been the focus of this book.

The leaders in that regard are China, which now has 115 GW of wind 
capacity installed, and Germany, with around 80 GW of wind and 
PV solar in place, and aiming to get over 80 of its electricity from 
renewables by 2050. The United States gets around 15 of its electricity 
from renewables at present, hydro included, and could well expand that 
dramatically, as new renewables develop. The US Department of Energy 
says that wind could supply10 of US electricity by 2020, 20 by 2030 and 
35 by 2050 (DoE, 2015).

While Germany may be the technological leader within Europe, the 
EU as a whole aims to get 20 of its total energy from renewables by 
2020 and 27 by 2030, while cutting energy use by 27 by then (EC, 
2014). Within the overall EU targets, some countries have been given 
very high sub-targets. Sweden has made the most progress so far. It has 
already reached 52, overtaking its 48 2020 renewable energy target. 
Several other EU countries are nearing their high 2020 renewable energy 
targets, although there are some laggards. They include the United 
Kingdom, which, by 2014, had only got to 5.1, well short of its quite low 
15 by 2020 renewable energy target (EurObsersvER, 2014).

In common with some other EU countries, the United Kingdom has 
found it harder to make as much progress in the heating and transport 
sectors as in the electricity sector (where it has reached 19 by 2013). 
Its strategy is to try to decarbonise heating and transport by using low-
carbon electricity, from renewables and (if its new progamme gets going) 
nuclear, possibly along with shale gas with CCS sequestration. That 
electricity would be used to power a new fleet of electric vehicles, and on 
the heat side, would replace the use of gas for home heating, along with 
some biomass, including CHP-fed networks. Solar-fed district heating 
systems with heat stores might also be a candidate, as is being followed 
up, for example, in Denmark. However, UK progress with heat pump 
deployment to replace gas use and electric vehicles to replace petrol and 
diesel use has been slow and there are disagreements about strategy. For 
example, some think biogas would be a better vehicle fuel and (district) 
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heating option, while others look to synfuels and hydrogen, perhaps 
used with fuel cells in vehicles.

Can progress in the United Kingdom and elsewhere be improved, 
extended and speeded up? The main constraint is not so much technol-
ogy, although technical advances that reduce costs will help. The main 
problem, looking broadly, is the lack of political will. China has made 
commitments to constrain carbon emission growth by 2030, the United 
States has set a target of 26–28 reduction by 2025 and the EU aims to 
reduce emissions by perhaps 40 by 2030, on condition that other coun-
tries too make strong commitments. These plans are welcome, but may 
not be enough to avoid the risk of major climate change impacts.

5.2 Accelerated expansion

How could we do better? The potential is certainly there. In terms of 
technology, wind power could reach a total installed global capacity of 
up to 2,000 GW (2TW) by 2030, supplying up to 19 of global electric-
ity. That is a key conclusion of the latest Global Wind Energy Outlook 
from the Global Wind Energy Council and Greenpeace. That is in the 
advanced scenario. A more moderate scenario puts it at just under 1,500 
GW by 2030 (Appleyard, 2015). PV solar could also make a major contri-
bution. One quite conservative study suggested that Germany, a far from 
sunny country, could ultimately have 275 GW of PV, while India has 
recently set a target of 100 GW of PV by 2022 (ET, 2015).

In terms of national programmes, the International Renewable Energy 
Agency’s report on the United States, in its REMap 2030 series, says it 
can increase the use of renewables in its energy mix to 27 by 2030 (the 
same as the EU’s target), and in the power sector alone to almost 50 
(IRENA, 2015a). Its study of China suggests that it could use renewables 
to supply 26 of its total energy by 2030, up from 13 now, and 40 of 
its electricity by then, up from around 20 now. That would involve 400 
GW of hydro, 560 GW of wind and 308 GW of PV. For heat, solar and 
(more problematically) biomass expand significantly. Coal use levels off 
by around 2020, but gas and oil use expand slightly. So does nuclear, but 
less so (IRENA, 2014a).

IRENA looks to modern biomass as a major option, possibly supply-
ing 20 of global energy by 2030. It suggests that around 40 of the 
total global biomass supply could come from agricultural residues and 
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waste, and another 30 from sustainable forestry products. IRENA says 
these biomass sources would not compete with the resources needed for 
food production, such as land and water (IRENA, 2014b).

Some studies suggest that the levelised cost of bioenergy could be 
reduced by almost half by 2025, making bio-based electricity close to 
competitive with coal. With demand for biofuels also rising, there may 
be strong pressures to expand biomass use (Albani et al., 2014). IRENA 
says: ‘Sustainably sourced biomass, such as residues, and the use of more 
efficient technology and processes can shift biomass energy produc-
tion from traditional to modern and sustainable forms, simultaneously 
reducing air pollution and saving lives.’ However, there are counterviews, 
and it is worth exploring the biomass issue in more detail.

At present biomass provides about 10–15 of the global total primary 
energy supply, of which 60 is used in traditional households mostly in 
developing countries, some 25 for heat and power generation, largely 
in developed countries (around 90 GW), the rest being used in informal 
sectors such as charcoal and brick making, almost entirely in developing 
countries. The very inefficient way biomass has been used traditionally 
results in pollution and health problems and diminishing firewood and 
dung resources, but new technologies can, it is hoped, change that.

However, as has already been noted, there are environmental objec-
tions to the use of some types of biomass, in particular liquid biofuels 
for vehicle use, especially from plantations in developing countries 
(EP, 2012), but also stem-wood burnt as imported wood pellets in large 
power plants. The optimists claim that higher-yield second-generation 
non-food biofuel sources can help avoid the food versus fuel issue, make 
more productive use of land and avoid over exploitation, if coupled with 
careful regulation. Similarly, optimists say sustainable source regulation 
can ensure that stem-wood use is avoided for power production and 
suggest that the energy and carbon costs of importing biomass, even 
involving long-distance transport, are low, in which case large new 
markets could open up for producers in the developing world, with 
Biomass Energy Carbon Capture and Storage possibly adding a ‘nega-
tive carbon’ bonus.

Biofuels and electricity are high value products, so not everyone is 
convinced by these arguments: there are huge market forces which 
may over-ride sustainability concerns. At the very least, much tougher 
controls will be needed and most environmentalists would prefer a focus 
on smaller-scale systems, using less aggressive technology, for example, 
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local biogas production from anaerobic digestion of farm and other 
biowastes. Biogas can then be used for heating, power and in vehicles.

Some, however, also look to growing special energy crops, although 
done on a sustainable basis. The European Forestry Institute (EFI) notes 
that ‘more than 10 million ha. of set-aside fields are presently avail-
able in the EU for the cultivation of dedicated biomass tree crops’, and 
suggested that this ‘needs appropriate policies that reward short rotation 
tree cultivation for bioenergy and reduce uncertainties that deter the 
private sector from investing in new technologies’. The emphasis is thus 
on local production, with fewer imports. As the EFI notes, ‘an important 
objective of the European bioenergy policy has been the decentralisation 
of renewable energy production leading to the increased utilisation of 
local energy sources, improved local energy security, shorter transport 
distances and lowered transmission losses’ (Pelkonen et al., 2014).

The debate over biomass, including BECCS, continues. As indicated 
earlier, although some think it should not be used at all, much of the 
debate is on how it can be used and how problems can be overcome 
(Huenteler et al., 2014).

5.3  Putting it all together – constraints and 
opportunities

The details of specific renewable energy programmes obviously need to 
be thrashed out, on biomass especially, but the general picture is clear. 
Even if biomass is excluded, there is the potential for rapid expansion 
on the way to near 100 contributions by 2050 (Delucchi and Jacobson, 
2013). Getting to 100 in energy as well as electricity by 2050 may not 
be possible in many countries, though Denmark is aiming for that, with 
wind playing a major role and biomass limited, and a UBA study says 
Germany could too, even without biomass (UBA, 2014). A Greenpeace 
Energy [R]evolution report suggested renewables could supply 92 of 
China’s electricity by 2050, from over 3000 GW, including hydro and 
biomass. A new WWF study is more cautious, aiming at 80 of electric-
ity by 2050 (WWF, 2014). But its India scenario aims for 90 of total 
energy by 2050 (WWF, 2013).

Looking globally, in the World Energy Council’s 2050 global energy 
market-led ‘Jazz’ scenario, the share of renewables in electricity genera-
tion is 31 and in its more policy-led ‘Symphony’ scenario, 48 (WEC, 
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2013). As we have seen, these may be conservative estimates. A major 
Global Energy Assessment, produced in 2012, noted that the share of 
renewable energy in global primary energy could increase ‘to between 
30 to 75, and in some regions exceed 90, by 2050’ (GEA, 2012). 
Renewables have moved on dramatically since 2012, so perhaps this too 
is conservative, at least for some countries.

Some worry that there will be resource constraints on expansion 
on this scale, with the emphasis often put on the large material require-
ments, for example, for steel and aluminum, as well as more conventional 
concerns about impacts. However, a full life-cycle resource analysis has 
suggested that renewables could supply the world’s entire electricity 
needs by mid-century without major problems with resource (materi-
als) use or eco-impacts. It assessed the whole-life costs of solar, wind, 
hydro as well as gas and coal generators with carbon capture and stor-
age. But it left out biomass as being too complex to assess. It looked 
at the demand for aluminum, copper, nickel and steel, metallurgical 
grade silicon, flat glass, zinc and clinker and the impact of greenhouse 
gases, particulate matter, toxicity in ecosystems and eutrophication 
(overwhelming plankton bloom) of the rivers and lakes. It found that 
to generate new sources of power, demand for iron and steel might 
increase by only 10. PV solar systems would require between 11 and 
40 times more copper than needed for conventional generators. But 
even so, ‘only two years of current global copper and one year of iron 
will suffice to build a low-carbon energy system capable of supplying the 
world’s electricity needs by 2050’.

The overall conclusion was that

The large-scale implementation of wind, PV, and CSP has the potential to reduce 
pollution-related environmental impacts of electricity production, such as GHG 
emissions, freshwater eco-toxicity, eutrophication, and particulate-matter expo-
sure. The pollution caused by higher material requirements of these technologies 
is small compared with the direct emissions of fossil fuel fired power plants. Bulk 
material requirements appear manageable but not negligible compared with the 
current production rates for these materials. Copper is the only material covered 
in our analysis for which supply may be a concern. (Hertwich et al., 2014)

Some fear that the diminishing fossil sources cannot support a transition 
to renewables, since renewables ‘currently require fossil fuels for their 
construction and deployment, so in effect they are functioning as a para-
site on the back of the older energy infrastructure. The question is, can they 
survive the death of their host?’ (Heinberg, 2015).
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It certainly could be argued that we should be reserving as much of what-
ever fossil energy is left as possible to support this process, rather than just 
burning it off for no long-term gain, although that means there will be an 
emissions debt. It is also true that there are important non-energy uses for 
fossil resources (e.g., for around 13 of oil), so some should be reserved for 
that too (Kroll, 2013). However, to some extent, the first wave of renewables 
can provide energy to support the next wave, so perhaps this is not a major 
problem, depending on how quickly the transition needs to made, especially 
given that, as noted earlier (in Section 2.5), the Energy Returns on Energy 
Invested for renewables are higher and rising while those for fossil fuel are 
now low and falling and similarly for nuclear.

There are some regions where rapid expansion may be harder, in 
Africa, for example, due to local economic and political constraints, 
but that is a major current focus, for example, of the UN’s Sustainable 
Energy for All programme, backed by the EU. Solar and biomass are 
obvious options. IRENA says that Africa has the potential and the ability 
to utilise its renewable resources to fuel the majority of its future growth 
with renewable energy. It adds ‘doing so would be economically competi-
tive with other solutions, would unlock economies of scale, and would 
offer substantial benefits in terms of equitable development, local value 
creation, energy security, and environmental sustainability’ (IRENA, 
2013). For an update, see the special issue of Energy Research and Social 
Science, ‘Renewable Energy in Sub-Saharan Africa’ (Hancock, 2015).

Renewables are doing quite well in South America. As in Africa, 
some countries already get the majority of their electricity from hydro 
and there are some impressive national programmes for expanding new 
renewables. For example, there is around 22 GW of PV solar capacity 
under development, with Chile, Brazil and Mexico in the lead, while 
wind is also expanding. Mexico has a 40 GW wind resource and may 
become the world’s one of the fastest growing wind energy producers.

Clearly some poorer countries will face problems, but the IEA says 
that, for newly emerging economies, with less sunk costs in conventional 
energy systems, the transition costs and difficulties of switching to 
renewables would be less: they could ‘leapfrog’ to a new cleaner, greener 
and more efficient energy system (IEA, 2014).

In geopolitical terms, what happens in the Middle East may be seen 
as crucial. Saudi Arabia has an ambitious $109 billion clean energy 
programme, with an initial target for installing 41 GW of solar (25 GW 
CSP, 16 GW PV) by 2032. That has now been put back to 2040, but solar 



 Green Energy Futures

DOI: 10.1057/9781137584434.0008

PV and CSP is making progress across the Middle East, with major 
projects in the UAE and elsewhere, as well as in North Africa. A key 
point is that solar is well matched to the regions growing daytime air 
conditioning load and desalination needs. For those with oil, it would 
also avoid diverting oil supplies for domestic power generation during 
the hottest summer months, which would reduce crucial export income. 
So for them there is a strong economic incentive (Lahn and Stevens, 
2011).

Given its current government, it does not seem likely that Australia 
will make radical changes, despite the climate shocks it has experienced, 
and despite being ideally suited to solar development (BZE, 2010). Sadly, 
Canada seems to be in a somewhat similar state, and has a huge as yet 
only partly untapped wind potential. Russia is similarly intransigent: 
it is focusing on exporting its fossil reserves and developing nuclear. 
This despite the fact that it has huge wind resources in the vast wind-
swept reaches of Siberia, up to 350 GWs worth. It has some large hydro 
projects, but its current target is only to get 4.5 of its electricity from 
new renewables by 2020.

Perhaps, symbolically, given its tragic experience with nuclear power, 
the situation in Japan deserves special mention. After the Fukushima 
nuclear accident in 2011, a major renewable energy programme was put 
in place, including the development of offshore wind, using floating 
systems. The first 2 MW floating device was installed off the Fukushima 
coast and many more are planned in a 1.45 GW programme. The long-
term potential for offshore wind is put at 100 GW. PV solar is also being 
strongly supported via a quite generous Feed-In Tariff. Interestingly, 
though rooftop sites abound, as in India, given the land scarcity, float-
ing PV arrays are being deployed on reservoirs. Although land-use 
constraints are an issue, the longer-term potential is still substantial. A 
‘100 by 2050’ ISEP renewables scenario has around 50 GW of wind, 
much of it offshore, and 140 GW of PV (ISEP, 2013). The near 100 
scenario for Japan developed by Bent Sorensen moves the debate on 
further (Sorensen, 2014). He also offers 100 scenarios for South Korea, 
India, Mexico, China, Canada and the United States, all with grid balanc-
ing needs carefully assessed. In the case of Japan, current outline plans 
only envisage renewables expanding to supply around 24 of electricity 
by 2030, although details of the overall likely mix are scarce. The contri-
bution from nuclear remains uncertain, with all the nuclear plants still 
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closed. However, given its traditional technical ingenuity, it may be that 
Japan will be a pioneer in developing new cleaner and safer technologies. 
It certainly has the incentive.

5.4 Conclusions

The incentive for change will hopefully not have to be provided by 
nuclear disasters or climate threats or air pollution crises. It ought to be 
possible to move proactively to avoid major problems. That of course 
assumes there is a rational energy policy and policymaking system. The 
reality, in many countries, seems to be otherwise. Policy is often captured 
by powerful vested interests, able to defend and maintain the energy 
status quo, at least until the problems, and public reactions to them, 
reach a level when some sort of response cannot be avoided. At that 
point the risk is that panicky ill-conceived measures may be considered. 
For example, at present, desperate measures are being proposed to try to 
reduce climate change via large-scale planetary geo-engineering projects, 
which may be both risky and ineffective, while diverting resources from 
developing more sustainable solutions (Keller et al., 2014). Attempting 
to reduce the planet’s solar heat gain by using giant reflector screens in 
orbit in space or aerosol particles injected into the upper atmosphere 
seem to be exactly the inverse of what should be done: the solar energy 
input should be used, not blocked.

As shown, the technical potential for doing this is very large. So is the 
opportunity for change. Globally there is very strong public support for 
renewables: they are popular. In a global opinion survey carried out by 
IPSOS across 24 countries just after Fukushima, solar power was backed 
by 97 of the sample, wind power by 93, hydro power by 91, natural 
gas by 80, coal by 48 and nuclear by just 38 (IPSOS, 2011). Since 
then renewables have expanded significantly, and support for them 
continues to be high. For example, polling for the UK Department of 
Energy and Climate Change found that, in mid-2014, 36 of UK adults 
asked backed nuclear, whereas 79 backed renewables, offshore wind 
72, biomass 60, onshore wind 67, wave and tidal 73 and solar 82 
(DECC, 2014).

As was noted in Chapter 1, some of the major oil companies are 
beginning to worry about their future, although they still see fossil 
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fuel as staying central, and, perhaps inevitably, as their core business 
focus (Dargaville et al., 2015). However, some power engineering 
and energy supply companies have shifted their position, notable in 
Germany, with Siemens, RWE and most recently E.ON, moving away 
from fossil fuel and nuclear and on to renewables. In part that has 
been forced on them by energy market changes in Germany, result-
ing from new government policies and local prosumer initiatives. For 
example, given the power market changes, RWE has indicated that in 
future, rather than being just an energy supplier, it aims to service 
the new market for renewables and distributed energy and support 
system integration (Parkinson, 2013, 2014), this from a company 
whose then chief executive once said, ‘Photovoltaics in Germany 
make about as much sense as growing pineapples in Alaska’ (Steitz and  
Eckert, 2012).

Moreover the changes in perspective are wider-spread than just in 
Germany. The business case for moving into the new expanding area 
of renewables, and to gain ‘first mover’ advantages, is becoming clear 
across the world, with China leading. Elsewhere, making the change 
may involve breaking out of old patterns and commitments. But with 
the market shifting, this may not be more than good business sense. As 
an E.ON executive put it when it withdrew from the Horizon nuclear 
project in the United Kingdom, ‘we have come to the conclusion that 
investments in renewable energies, decentralised generation and energy 
efficiency are more attractive, both for us and for our British customers’ 
(Teyssen, 2012).

The debate over which way to go, and over which renewables to back 
most, continues in the United Kingdom and elsewhere, but as argued, 
whatever the outcome, much more will have to be done if we are to avoid 
climate crises and air pollution problems. There are debates on which 
specific mechanisms to use to accelerate the deployment of the neces-
sary technologies and slow the use of inappropriate technologies. Some 
look to market-based mechanisms, like carbon emission permit trading, 
which penalise fossil fuel use and therefore advance non-fossil options. 
So far that has not been very successful. It has proved hard to get politi-
cal agreement on carbon caps that were low enough to create an effective 
carbon market. That may change, but as we have seen, so far, direct 
subsidies, as with the Feed-In Tariff system, have been far more effective 
at stimulating the take-up of renewable energy technologies. FiTs are a 
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form of indirect tax. It may be that in future direct carbon taxes will be 
introduced and accepted, if and when concerns about climate change 
rise, and meanwhile a gradual process of setting tighter emission limits 
is underway.

However, there is still resistance from some countries to setting tight 
carbon limits, given concerns about the alleged impacts on economies. 
In reality, this may be short-sighted. There may be short-term gains from 
continuing with dirty technologies, but those who delay making the 
transition to clean energy will be uncompetitive as emission controls are 
gradually tightened up across the world. There is also a broader histori-
cal perspective.

The first wave of industrialisation in the West, fuelled increasingly 
by fossil energy, enhanced wealth creation and also led to horrendous 
social and environmental problems, dangerous and unsustainable 
employment and arguably to a global economy trapped in growth at 
all costs (Elliott, 2015). The new wave of post-carbon technological 
and economic development will hopefully avoid, and learn from, these 
problems. So there ought be an incentive to make the change. Some see 
the creation of sustainable jobs as a positive incentive: at present around 
7.7 million people are employed in the renewables sector globally and 
that is clearly set to expand (IRENA, 2015b). In addition, renewable 
energy development offers prospects for local economic and social 
renewal and the engagement of local communities in energy issues, 
including locally owned projects and new forms of social  enterprise 
(Kunze and Becker, 2014).

Developments like this, along with market pressures and government 
initiatives, may create a new impetus for expansion. But there remains 
the issue of whether economic growth is the right aim. The final chap-
ter looks more broadly at the issue of growth, and at the role that new 
technologies might play within a more sustainable global economy. A 
key question is whether renewables are just a technical fix to sustain an 
unchanged society, when in fact what is required is radical social change. 
While some see the adoption of renewables as part of a process of social 
change, and some social change as actually a prerequisite for wide-scale 
renewable expansion, a more radical view is that adoption renewables 
are not likely to be very helpful, and indeed could be counter-productive, 
unless there are also major social and economic changes (Huesemann 
and Huesemann, 2011).
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6
Sustainable Futures: 
What Kind of Mix?

Abstract: Some hope that the expansion of renewables 
will allow for continued economic growth while escaping 
environmental constraints, a classic technical fix. However, 
there may be limits to economic growth other than energy 
resources and their impacts, while some think that a move 
to a more sustainable less growth-oriented economy will 
be needed. Scenarios based on that essentially decentralist 
approach, and on more conventional approaches, illustrate the 
differing implications for energy technology. Some, adopting 
an economic or technological deterministic view, say we have 
no real choices, but a rival contention is that there are choices 
as to the types of society and to the technical mix to sustain 
them. If the latter is true, we need to make choices soon.
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6. 1 Green growth

A report from the Global Commission on the Economy and Climate, 
‘Better Growth, Better Climate’, says that economic growth and action on 
climate change can now be achieved together: there are major opportu-
nities in three key sectors of the global economy, cities, land use, energy. 
By improving efficiency, investing in infrastructure and stimulating 
innovation across these sectors and the wider economy, governments 
and businesses can deliver strong growth with lower emissions. The 
commission’s chair, former president of Mexico Felipe Calderón, said 
the report ‘refutes the idea that we must choose between fighting climate 
change or growing the world’s economy. That is a false dilemma,’ and 
‘shows how technological and structural change are driving new oppor-
tunities to improve growth, create jobs, boost company profits and spur 
economic development’ (GCEC, 2014).

The United Kingdom’s Department of Energy and Climate Change 
said similar things in ‘Securing Our Prosperity through a Global 
Climate Change Agreement’: green growth is possible (DECC, 2014). A 
core concept underpinning this sort of analysis is that the link between 
economic growth and growth in energy use, and hence carbon emis-
sions, has been decoupled. Indeed some say that economic growth will 
produce the surplus and the technology needed to deal with emissions.

While the idea that some countries have learnt how to run, and 
even expand, on a leaner energy mixture has its attractions, there are 
methodological problems with this type of assertion. It may be possible 
for an advanced industrial country like the United Kingdom to reduce 
emissions while expanding economic activity, for example, in the service 
sector. However, much of this gain is because it has been able to export 
some of the dirtier industrial activities to newly developing countries. 
But it then buys in goods and services from them, while not accounting 
for their associated emissions. A full carbon account would include them 
in the national total, focusing on emissions related to total consumption, 
including imports, rather than just to those from national production, in 
which case the decoupling might not be so clear (Harrabin, 2015).

Nevertheless, it may be possible to squeeze out all the dirty processes 
everywhere in time, and clearly the advent of renewable energy tech-
nologies offers the opportunity to do that in energy production. Some 
see renewables as allowing economic growth to continue, free of major 
finite energy resource constraints and of linked emission impacts. But 
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are there limits to how much energy we can obtain from renewables? 
In terms of resource limits, which might constrain that global project, 
the most obvious is land. As we have seen, that could limit how much 
biomass can be used. Wind (increasingly offshore), solar (on rooftops) 
may not be land-use limited, but there may be material constraints, ‘rare 
earth’ minerals especially, although as noted earlier, the resource limits 
may not be too onerous, and substitutes may be found and recycling 
practiced. Water is another issue. While fossil and nuclear plants need 
large amounts of water for cooling, most renewables do not need any 
for cooling, the main exception being Concentrated Solar Power plants. 
Certainly water is not something easily available in desert areas where 
they would be mostly located. But they can also be air-cooled (albeit at 
lower efficiency) and water can be piped from the sea (at a cost).

The general point is that, although they may add costs, there are, 
potentially, technical fixes for most of the problems like this, which 
means growth in energy use is possible, should that be what is wanted. 
Of course energy waste must be reduced as much as possible. Efficient 
use of energy use is vital. It saves money and resources and makes it 
easier for renewables to meet needs. It also reduces any social and envi-
ronmental impacts from using renewables. They may be small and local, 
but they should be minimised.

What about other limits to growth? There are absolute limits to the 
amount of energy that can be extracted from natural energy flows and the 
sun’s energy input to the planet, but these are some way off. The resource 
is very large. By contrast, if economic, industrial and agricultural activi-
ties continue to expand, other limits may become apparent. Land and 
water are once again obvious issues. To some extent energy can be used 
to make fresh water (by desalination), but it cannot be used to make land 
(the odd new island or coastal infill apart), and although we have learnt 
how to use energy to increase the productivity of land, this can be at the 
expense of soil quality, run-off pollutants and biodiversity. However, in 
addition to marginal land, unsuited to farming, there are plenty of desert 
areas for solar and sea for offshore wind, wave and tidal projects, so for 
a while absolute limits in terms of land (biomass apart) should not be a 
major problem.

More generally, there are wider, more general, objections. Not all 
‘greens’ agree with the idea of green growth and are concerned about 
the continued growth of a consumer society of the current type. Most 
‘deep greens’ seek a shift to a steady state global economy, freed from 
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endless pressure to keep expanding so as to support what they see as 
an unsustainable and undesirable system, with a skewed social structure 
and a rapacious economy. While renewable energy, increased efficiency 
and fuel and material substitution can reduce eco-impacts, it is argued 
that, on a finite planet, there have to be limits on material consumption 
at some point. Some say that point is already past: the ecological carrying 
capacity of the planet has already been exceeded, in which case, growth 
is a problem not a solution. So renewable technologies which simply 
substitute for conventional technology and enable society to continue 
unchanged, chasing yet more economic growth, are not helpful and 
may actually be counterproductive (Dolack, 2015). At best, they are a 
short-term ‘technical fix’, and by making it possible to avoid some of the 
environmental and resource limits on growth based on using fossil fuels, 
they delay the point when the issue of sustainable consumption has to 
be faced. It is argued that we all need to rethink how we live, since, quite 
apart from its environmental impacts, economic growth is not much of a 
measure of human happiness. We should seek to focus on improving the 
quality of life – qualitative growth, not quantitative growth, and develop 
a new ethos of sustainable consumption (Jackson, 2009).

There are problems with this view too. While it has a clear moral 
dimension, given the very unequal distribution of wealth and power in 
the world, and the unlikelihood of this being easily changed, for many 
poor and excluded people, economic growth offers the only realistic 
hope of moving beyond a minimal subsistence level of existence. For 
them, growth, if based on the use of renewable energy, not only offers 
hope of prosperity, but also of a cleaner future, with access to modern 
energy services that are denied to many at present. So although in the 
longer term there may be eco-problems with growth, for now that may 
be the best available option for the poor.

However, this view also has problems. Although the optimistic 
‘green growth’ view is that all can share in growth, the vast inequalities 
and imbalances that exist at present mean that, as with all economic 
growth, the benefits may only trickle down slowly and partially to the 
poorest. There may be valuable short-term social gains, but as the global 
population grows, and if affluence really does spread, the material limits 
imposed by the carrying capacity of the planet will still apply and no one 
will benefit, protected enclaves possibly apart. It is far from clear if that 
can be avoided even by some of the more extreme ‘ecomodernisation’ 
prescriptions, focused on high technology (Brook et al., 2015)
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Ecomodernists see technology-led growth as part of societal progress. 
However, while growth might be accepted as a way to relieve poverty, 
for most radical greens it is harder to accept in the case of the affluent 
in developed countries. There, it is argued, economies have to keep 
expanding to create market space for rival chunks of capital to continue 
to compete. That does lock consumers into an endless spiral of consump-
tion, and into what some see as soulless consumer lifestyles (Huesemann 
and Huesemann, 2011). Clearly ‘consumption’ has its attractions: the 
ability to do more interesting and exciting things, aided by clever new 
technologies and growing wealth, though some say it is more akin to an 
addiction. Certainly it would be hard to wean most people off consum-
erism. However, there have been some brave attempts to outline alterna-
tive approaches and visions, based on grass roots initiatives, mapping 
out new ways to live, and the hope that humanity can do better remains 
strong (Heinberg, 2014; Alexander, 2014).

6.2 How we live

It may be helpful, to further this discussion, to present some simplified 
polar opposite views. Some see the use of renewable energy as an inte-
gral component of a small-scale decentralised form of society, based on 
more self-sufficient communities, others as just a technical fix allowing 
the affluent to continue to live much as they already do. In the former 
case, the type of renewables preferred, to a degree, defines the way of life. 
Using small-scale solar, biomass and wind, plus possibly small hydro, 
would probably constrain the economic development of the community, 
but that is not seen as a problem, since the aim is a low-consumption life-
style, not based on creating much surplus to sell. In the second version, 
renewables of all types and scales are just plugged in as substitutes for 
fossil and perhaps nuclear power, to run an unchanged commercially 
orientated society, creating surplus to exchange for more extensive and 
expensive goods and services.

While some ecomodernists retain nuclear as a key element (Brook 
et al., 2015), in both of these visions, renewables play a role, but the type 
and scale differ, as does the aim. Both visions, as outlined, are extreme. 
In reality few people would settle for the bucolic but possibly limited 
lifestyle implied in the first, and many people living in the second would 
in fact like to have some elements of the first, that is, less emphasis on 
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consumption, more on community. But as stereotypes, they may have 
some power. Certainly anti-renewables critics sometimes portray 
renewables as primitive and backward technologies which would only 
support a dull, subsistence-level existence. Clearly that is not the case. 
Even in a heavily decentralised version of society, renewables would be 
able to support a good life. Indeed advocates of decentralisation say it 
would be a better quality of life, less materialistic and more concerned 
about community.

That sounds attractive, but there was once a society based on renewa-
bles (wind and water power), in the Middle Ages, and only the most 
romantic would see that social set-up as desirable. However, social 
structures are not necessarily determined by the technology: rather, 
those with power choose options that fit their interests. For example, 
reliance on centralised technologies like nuclear power probably leads 
to different types of society, and patterns of employment, than would 
reliance on decentralised technologies.

So there are choices, with an interaction between technology and 
society (Elliott, 2003, 2015). As Miller et al. put it,

The key choices involved in energy transitions are not so much between 
different fuels but between different forms of social, economic, and political 
arrangements built in combination with new energy technologies. In other 
words, the challenge is not simply what fuel to use but how to organize a new 
energy system around that fuel ( ...) It is not simply a question of whether to 
build infrastructure for renewable energy systems but rather how to approach 
such a task and what forms of intertwined social, economic, political, and 
technological arrangements get built and/or evolve to produce new forms of 
energy production and consumption. (Miller et al., 2013)

6.3 Future pathways

Moving away from very extreme examples and high-level generalisa-
tions, some of the actual ground-level differences in approach, in terms 
of the type of economy that might be implied and the scale and type of 
energy technology involved, have been highlighted in recent UK studies. 
They provide useful examples of choices that may be ahead. The EPSRC-
funded Realising Transition Pathways Research Consortium of nine UK 
universities developed three notional transition pathways to 2050:
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Central Co-ordination: a transition led mainly by the government. 

Market Rules: Led by companies within a broad policy context set  

by the government.
Thousand Flowers:  Civil society play leads in delivering distributed 
low carbon energy with community groups and municipal councils 
playing a major role.

The team’s report, ‘Distributing Power: A Transition to a Civic Energy 
Future’, focuses on the last pathway. It stands in strong contrast to the first 
two, in both of which central direction or market direction leads to an 
emphasis on large-scale technology, including major contributions from 
nuclear (up to 30 GW), fossil plants with CCS (up to 44 GW) and large 
wind projects (up to 53 GW, out of a total of up to 80 GW of renewables), 
and has energy use rising. In Thousand Flowers, the focus instead is 
on smaller community-scaled supply technology using renewables and 
more attention to energy saving. Out of the total generating capacity at 
2050 of 149 GW, by 2050, 112 GW is renewable based, while annual elec-
tricity demand falls to 310 TWh, from 337 TWh. Localised Combined 
Heat and Power (CHP) using renewable fuels dominates supply, gener-
ated from 44 GW of community-scaled biogas-fired CHP and some 
domestic-scale micro-CHP. Onshore wind comes next at 21 GW, PV is at 
16 GW and offshore wind 8.4 GW, and there are smaller hydro, tidal and 
wave inputs and an even smaller biomass generation input. Unabated 
coal and gas are phased out entirely by 2030, nuclear declines to 5 GW, 
about the same as the small coal and gas Carbon Capture and Storage 
(CCS) elements.

So it is an approach based on local CHP/district heating (DH), with 
distributed generation providing 50 of final electricity demand, and 
DH supplying 60 of heat. But it is not a totally decentralised system: 
there are some large plants still and a new smart grid/DSM systems, 
and grid upgrades/interlinks would be essential for balancing variable 
renewables. The report notes that modeling tests show that the proposed 
system can do that, with no need for extra storage (which it sees as costly 
and bulky), but some more interconnectors, to add to flexibility. It says 
that ‘high levels of distributed generation in fact make it necessary for 
higher levels of interconnection at regional, national, and international 
levels’. In addition ‘prosumers (consumers who produce as well as 
consume electricity) become key actors in this pathway’ this ‘leading 
to significant reduction in overall demand’. However, although there 
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would be some domestic-level generation, it seems to be that consumer 
activities would mainly be on the demand side. The report says: ‘Price 
incentives are the main signals used to achieve buy-in to demand side 
participation in this future,’ with citizens being more engaged, ‘whether 
through increased efficiency measures, demand response, or smart 
metering’.

This seems to be some way from the prosumer supply-side experi-
ence in Germany, where many consumers have bought into PV. Perhaps 
that explains why there is relatively little PV in the Thousand Flowers 
scenario (a 4.8 overall contribution). The report does accept that there 
are other possible UK pathways, with more solar and wind. Its biogas 
emphasis certainly does seem a little optimistic, while much more wind 
and PV solar could have been included – the potential is large. But the 
main emphasis in the study is on the transition process and its institu-
tional requirements. The report notes that traditionally, ‘UK renewable 
electricity generation capacity has been built by large-scale commercial 
developers and/or utilities, whose finances are globally mobile’. The 
alternative that they look at is based on the proliferation of distributed 
energy generators, which are owned fully or in part by municipalities, 
communities or small-scale investors. They say: ‘Centralised generation 
would still be necessary for base-load and peaking capacity. For this to 
be viable in a distributed generation future where much of our electricity 
would be generated locally, the government would need to provide the 
right incentives for new large-scale plant and infrastructure.’ However, 
much would rely on the ‘civic’ energy sector, defined as ‘energy genera-
tion by communities, co-operatives, local authorities, town and parish 
councils or social housing providers’, which they say ‘currently relies 
on motivated individuals and communities and often, voluntary work. 
The development of a decentralised future would require strong project 
management and professional expertise to deal with a range of technical, 
financial, legal and administrative issues’.

The Thousand Flowers team opts for a mix of Local Renewable 
Schemes, Regional Energy Partnerships and Municipally owned Energy 
Service Companies. The big question is, could they do it? The report 
says yes, given the right support structures, especially at the municipal 
level, so as to get the United Kingdom to near zero carbon by 2050 (RTP 
Engine Room, 2015).

The Thousand Flowers pathway is spelt out in detail (along with the 
other scenarios) in a working paper (Barton et al., 2014) and has some 
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similarities to the ‘Patchwork’ 2050 decentral pathway explored by the 
Energy Technologies Institute (ETI) in ‘Options Choices Actions: UK 
Scenarios for a Low Carbon Energy System Transition’ (ETI, 2015). That 
too has local CHP/DH networks playing a significant role, but not to the 
same degree as in Thousand Flowers. And to compensate, it has more 
wind (75 GW) and solar (28 GW) and more nuclear (16 GW).

The ETI’s parallel ‘Clockwork’ scenario, in which big companies and 
government play a central role, is more conventional. It has less renewa-
bles (they stay at roughly the level reached by 2020), but more nuclear 
(40 GW by 2050) and fossil-fueled plants with CCS, though gas is phased 
out for direct heating. Larger-scale CHP/DH does, however, play a role, 
co-ordinated by central government. And it has some large biomass with 
CCS ‘carbon negative’ plants (BECCS).

The ETI report claims that, under either of their two pathways, ‘the 
UK can achieve an affordable transition to a low carbon energy system 
over the next 35 years. Our modeling shows abatement costs ranging 
from 1–2 of GDP by 2050, with potential to achieve the lower end of 
this range through effective planning’. And it says that ‘it is critical to 
focus resources in the next decade on preparing these options for wide-
scale deployment’. It adds: ‘By the mid-2020s crucial decisions must be 
made regarding infrastructure design for the long-term. High levels of 
intermittent renewables in the power sector and large swings in energy 
demand can be accommodated at a cost, but this requires a systems level 
approach to storage technologies, including heat, hydrogen and natural 
gas in addition to electricity.’

It insists that there should not be a delay:

It would be a mistake to think the country can wait until efficiency measures 
have been exhausted before we turn to alternative, low carbon solutions. If 
the UK waits until the mid-2020s, a lack of supply chain capacity is likely 
to mean that preferred solutions have to be supplemented by second-choice 
technologies at far greater expense. In our model, failure to prepare properly 
leads to a significant escalation in the cost of abatement action by 2050 (to 
around 3–4 of GDP).

In both ETI Pathways, grid balancing is taken seriously, with demand-
side management playing a role, and the ETI is reasonably neutral about 
the technology options, saying that ‘key technology priorities for the 
UK energy system include: bioenergy, CCS, new nuclear, offshore wind, 
gaseous systems, efficiency of vehicles and efficiency/heat provision 
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for buildings. CCS and bioenergy are especially valuable. The most 
cost-effective system designs require zero or even “negative” emissions 
in sectors where decarbonisation is easiest, alleviating pressure in more 
difficult sectors.’

However, the inclusion of extra nuclear, and its emphasis on large CCS 
and bioenergy (e.g., large-scale bioconversion), puts their approach, 
at least in Clockwork, at the ‘hard’ centralised end of the technology 
spectrum, and as such it may not be welcome by many greens, who may 
be more drawn to the Thousand Flowers, although ETI’s Patchwork 
does have its attractions, including plenty of surplus wind-generated 
electricity for making hydrogen to use to balance the grid when wind 
is low, although not as much as from the 100 GW of wind capacity in 
the Pugwash 2050 scenario (Pugwash, 2013). Then again CHP/DH with 
heat storage could also help with grid balancing, and that is in all the 
scenarios looked at earlier, although with smaller-scale community units 
dominating in Thousand Flowers.

Will any of these pathways materialise? Some seem very radical, 
Thousand Flowers especially, implying a major social as well as techni-
cal change, almost socialistic in terms of new patterns of ownership 
and control. At present the United Kingdom seems to be heading in 
almost the opposite direction, maybe to ETI’s Clockwork. But, as noted, 
elsewhere different approaches are being adopted, and the debate over 
which way to go continues.

6.4 Conclusions

As the ETI noted, there is some urgency in moving ahead, and although 
their specific prescriptions, or the Thousand Flowers version, may not 
be the definitive answer, it is clear that there are answers to the question 
posed at the start of this book, essentially, can fossil fuels be phased out? 
There is much debate on the right mix. Most of the UK scenarios looked 
at retain some nuclear, some more, some very much less. But earlier, 
several completely non-nuclear scenarios were mentioned for countries 
and regions around the world and for the world as whole. The United 
Kingdom is one of the few countries, at least in the EU, still wedded to 
large-scale nuclear expansion.

UK government ministers and officials have admitted that it would 
be possible to do without nuclear, but insist that would make it harder 
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to phase out fossil fuel (Randall, 2014). However, it could be counter-
argued that it would make it harder and slower to deploy renewables and 
energy efficiency. It is not as if the United Kingdom does not have the 
renewable resources. It is probably the best placed in the EU to develop 
them (Pugwash, 2013; ZCB, 2014). More to the point, there are many 
different types, available at a range of scales. If technological diversity is 
important, as many strategists claim, so as to spread risks, then renewa-
bles would seem to be a better set of options than nuclear, which, in 
addition to all its other problems, at present is based on basically one 
type of technology, which, although allegedly mature, still apparently 
needs large long-term subsidies.

The pro- and anti-nuclear debate has absorbed much time and energy 
over the years, to the detriment of what might be seen as a more relevant, 
interesting and increasingly urgent debate over what sort of renew-
able/efficiency mix is needed. That has been the focus of this book. The 
emphasis has been on the technology, on both the supply and demand 
side, and on the wider issue of what kind of future we want. As has been 
indicated, there are plenty of conflicts and uncertainties. However, there 
is no one fixed economically or technologically determined future: there 
can be choices amongst many possible mixes. There are some environ-
mental constraints, but the biggest constraint is the lack of vision and 
political commitment. Some specific choices do not have to be made 
immediately: some options can be left open. But there is an urgent need 
to decide which way to go in general terms and then to get stuck in to 
making the changes needed.

Some say the frameworks of governance that exist in most industr-
ialised countries are not up to making changes of the type needed. The 
current energy regulatory and decision-making systems in countries like 
the United Kingdom are certainly cumbersome and slow and do not 
seem able to reflect the changing energy context, the emerging role of 
new players, local initiatives and the need for long-term rational energy 
policy development and management. Instead the system often seems 
to reflect the vested interests of powerful incumbents. In the United 
Kingdom there have been calls for a new broader, more open ‘public 
value’ governance approach (Mitchell et al., 2015).

The wider political framework also may not be conducive to the change 
of the type needed, with short-term market concerns often dominating. 
There may be a need not just for better governance, but also for better 
governments. Some argue that the multi-party systems becoming more 
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common in the EU can open up more opportunities for inputting new 
ideas into government. We will have to wait to see, though not in the 
United Kingdom for a while.

Elsewhere, attempts to promote bipartisan policymaking, on energy, 
climate and much else, have not been conspicuously successful, for 
example, in the heavily polarised United States, and China is ruled by 
an essentially uncontested unitary elite. We live in challenging, as well 
as changing, times, with energy and climate policy being central. The 
technology is available or can be made so, and public support for at least 
some types of change is strong. Whether our institutions and govern-
ments can rise to the challenge remains to be seen.

The prize for rising to the challenge is, however, very significant. 
Assessments vary, but a report by the German Institute for Climate 
Policy and Global Sustainability claimed that, if the United States, the 
EU and China started taking the steps towards using 100 renewable 
energy by 2050, they could save a combined US$500 billion per year on 
fuel imports.

In addition, the programme would save the lives of around 1.3 million 
people who it estimated are killed prematurely by air pollution, while 
creating 3 million new jobs by 2030, over and above those lost by the 
phasing out of conventional energy technologies. It would also keep 
global warming below the 2° C threshold that many scientists believe 
is the ‘point of no return’ for climate change, thus avoiding major and 
potentially rising economic and social costs (Höhne et al., 2015). This 
may only be a rough interim assessment, but even if it is only partly 
accurate it gives an idea of the potential benefits available, and, by impli-
cation, indicates the need for action.

Hopefully this book will have indicated that there are a range of choices 
with varying potential social and environmental implications. Most may 
be obvious and welcome – clean, cheap energy. Others may be less so, or 
may open up contentious issues. Some concern wide social issues. For 
example, a draconian approach to energy use, imposed via, for example, 
punitive energy pricing or tightly controlled carbon rationing permits, 
might make life hard for some, with the rich buying themselves out of 
the constraints and black market energy options thriving. We have to 
be careful to avoid creating a society which is not worth living in. There 
are also even wider issues. Given the need to reduce global eco-impacts, 
some see population growth as a key problem. Few would deny the need 
for modern birth control measures to be made widely available, and an 
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optimistic view is that, given equitable social and economic develop-
ment, population levels should stabilise. However, some say a viable, 
sustainable, global future will be possible only with a much lower total 
population, but few would be willing to see tighter limits imposed.

Some other social issues may be less obvious. As has been illustrated, 
the current boom in PV solar uptake means that consumers are able to 
exercise some power over energy markets, but the PV cells are sometimes 
produced by workers who may have poor working conditions and low 
pay, and little chance to influence markets or technology (Elliott, 2015). 
A shift to renewables does not automatically change the social relations 
of production, only of consumption. That said, change is underway in 
attitudes to technology, and also to fair trade, at all levels, and that may 
include changes in working relations and conditions, as part of what has 
been called a ‘Just Transition’ (ITUC, 2009).

At the same time, the wider process of change that is underway, and 
the clear progress being made with renewables, should provide a basis 
for a response to the rhetorical question sometimes raised: ‘if renewables 
are so wonderful, why aren’t they taking off?’. The simple answer is, they 
are, as I hope this book has shown. Moreover they can expand to meet 
all our needs, given the right support.

6.5 References

Alexander, G. (2014) ‘eGaia: Growing a Peaceful, Sustainable Earth 
through Communications’, Earth Connected E-book: http://
earthconnected.net/egaia-2nd-edition/buy-or-download-egaia/

Barton, J., Davies, L., Foxon, T., Galloway, S., Hammond, G., O’Grady, 
A., Robertson, E. and Thomson, M. (2013) ‘Transition Pathways for 
a UK Low Carbon Electricity System: Comparing Scenarios and 
Technology Implications’, Realising Transition Pathways Working 
Paper, December: http://www.realisingtransitionpathways.org.uk/
realisingtransitionpathways/publications/WorkingPapers.html

Brook, B. et al. (2015) ‘An Ecomodernist Manifesto’, produced by 18 
academics, April: http://www.ecomodernism.org/manifesto/

DECC (2014) ‘Securing Our Prosperity through a Global Climate 
Change Agreement’, UK Department of Energy and Climate Change: 
http://www.gov.uk/government/news/prosperity-and-growth-hand-
in-hand-with-carbon-reduction



 Green Energy Futures

DOI: 10.1057/9781137584434.0009

Dolack, P. (2015) ‘Renewable Energy Alone Cannot Reverse Global 
Warming or Make a Sustainable World’, The Ecologist, 25 May: 
http://www.theecologist.org/News/news_analysis/2861727/
renewable_energy_alone_cannot_reverse_global_warming_or_
make_a_sustainable_world.html

Elliott, D. (2003) ‘Energy, Society and Environment’, Routledge, 
London: http://www.routledge.com/books/details/9780415304863/

Elliott, D. (2015) ‘Green Jobs and the Ethics of Energy’, in Hersh, 
M. (ed) ‘Ethical Engineering for International Development and 
Environmental Sustainability’, Springer, London: http://www.
springer.com/gb/book/9781447166177

ETI (2015) ‘UK Scenarios for a Low Carbon Energy System Transition: 
Options, Choices, Action’, Energy Technologies Institute, 
Loughborough and Birmingham: http://theeti.cmail2.com/t/ViewEmail/j
/3815A8D22B622CAE/2558A135EF6BFBF74D402EFBD42943A3

GCEC (2014), ‘Better Growth, Better Climate’, Global Commission 
on the Economy and Climate, Special Report: http://
newclimateeconomy.report/

Harrabin, R. (2015) ‘CO2 Cuts Claim Sees Ministers Challenged by 
Experts’, BBC News Item, 19 March: http://www.bbc.co.uk/news/
science-environment-31952888

Heinberg, R. (2014) ‘How to Shrink the Economy without Crashing 
It: A Ten-Point Plan’, Resilience/Post Carbon Institute: http://www.
resilience.org/stories/2014-11-04/how-to-shrink-the-economy-without-
crashing-it-a-ten-point-plan

Höhne, N., Day, T., Hänsel, G. and Fekete, H. (2015) ‘Assessing 
the Missed Benefits of Countries’ National Contributions’, New 
Climate – Institute for Climate Policy and Global Sustainability 
gGmbH, Berlin, Report for the Climate Action Network: http://www.
sciencealert.com/switching-to-100-renewables-by-2050-would-save-
major-economies-500-billion

Huesemann, M. and Huesemann, J. (2011) ‘Technofix: Why Technology 
Won’t Save Us or the Environment’, New Society Publishers, Gabriola 
Island, BC: http://www.newsociety.com/Books/T/Techno-Fix

ITUC (2009) ‘What Is Just Transition?’ International Trade Union 
Confederation, Brussels: http://www.ituc-csi.org/what-s-just-transition

Jackson, T. (2009) ‘Prosperity without Growth’, Sustainable Development 
Commission Report, then an Earthscan Book, London: http://www.
sd-commission.org.uk/publications.php?id=914



Sustainable Futures

DOI: 10.1057/9781137584434.0009

Miller, C., Iles, A. and  Jones, C. (2013) ‘The Social Dimensions of Energy 
Transitions’, Science as Culture Forum on Energy Transitions, Science 
as Culture, 22 (2): http://www.tandfonline.com/toc/csac20/22/2#.
VSp3DIX1uv8

Mitchell, C., Woodman, B., Kuzemko, C. and Hoggett, R. (2015) 
‘Working Paper: Public Value Energy Governance‘, University of 
Exeter Energy Policy Group, 20 March: http://projects.exeter.ac.uk/
igov/working-paper-public-value-energy-governance/1

Pugwash (2013) ‘Pathways to 2050: Three Possible UK Energy Strategies,’ 
British Pugwash Group, London: http://www.britishpugwash.org/
recent_pubs.htm

Randall, K. (2014) Katherine Randall, 2050 Team Leader at the 
Department for Energy and Climate Change, in evidence to the 
House of Lords Select Committee on Science and Technology review 
of Nuclear Research and Development Capabilities, para 40, 3rd 
Report of Session 2010–2012, November: http://www.publications.
parliament.uk/pa/ld201012/ldselect/ldsctech/221/221.pdf

RTP Engine Room (2015) ‘Distributing Power: A Transition to a Civic 
Energy Future’, Report of the Realising Transition Pathways Research 
Consortium ‘Engine Room’: http://www.realisingtransitionpathways.
org.uk/realisingtransitionpathways/news/distributing_power.html

ZCB (2014) ‘Zero Carbon Britain’, Centre for Alternative Technology 
Report: http://www.zerocarbonbritain.com/index.php/zcb-latest-
report



DOI: 10.1057/9781137584434.0010 

7
Afterword

Elliott, David. Green Energy Futures: A Big Change for the 
Good. Basingstoke: Palgrave Macmillan, 2015.  
doi: 10.1057/9781137584434.0010.



Afterword

DOI: 10.1057/9781137584434.0010

Inevitably, this book does not cover all aspects of the many large issues it 
raises. For example, it hardly touches on transport issues, although some 
non-fossil transport fuel source options were mentioned. It is an area 
where change is probably hardest and technical fixes (e.g., using biogas, 
hydrogen or electricity) may be the most people in the industrialised 
countries are prepared to consider. That may have to change, with more 
emphasis on public transport, walking and cycling. To make that viable, 
there will be a need for new approaches to urban planning, housing and 
retailing as well as employment and leisure location patterns. A big topic. 
The same goes for agriculture and food production. That, and our dietary 
choices, have huge energy and climate implications. For example, can we 
continue to use energy (and fertilizers) to increase the productivity of 
land? But that is a topic for another book!

So is the wider debate on population, touched on briefly earlier. For 
the moment, the poor actually consume very little compared to the 
affluent minority, though that may change if consumption patterns of 
the current type spread. In which case a key issue is whether an equitable 
sustainable economy and society can be developed that avoids the need 
for draconian population controls. Again a big topic, for another book.

As far as the present book is concerned, the emphasis has been on the 
technological options in energy supply, and if you need more informa-
tion and analysis on that, there is a further reading and web link guide in 
the following page, as well as the extensive end-of-chapter references in 
this text, with web links, all viewed and live in July 2015.

Hopefully, this book will have conveyed both the enthusiasm for 
change that abounds in the renewable energy community and the 
sense of urgency that follows when the scale of the environmental 
problems are understood. As an aid to that, I would like to recommend 
this fascinating animation showing the growing historical pace of 
carbon dioxide additions to the atmosphere: http://www.youtube.com/
watch?v=vA7tfz3k_9A

However, as a counter to over-optimism about what technology can 
do in response, I recommend the admittedly rather bleak ‘Critique of 
Techno-Optimism’ by Samuel Alexander, produced in 2014 for the 
Australian Post Carbon Pathways project: http://www.postcarbonpath-
ways.net.au/2014/01/23/working-paper-series-1st-edition/#.VZvyEIX1uv8. 
Some of the project’s other output is more positive!
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Further reading and updates

As a short guide to a wider area, this book crams in a lot of material and 
you may wish to follow some of the details up, or get other perspectives. 
For a very broad view see Walt Patterson’s ‘Electricity v Fire’: http://www.
waltpatterson.org/evf.htm.

For more technical details there are some good standard text books on 
renewables:

Harvey, D. (2010) ‘Carbon Free Energy’ Earthscan.
Boyle G. (ed) (2012) ‘Renewable Energy’, Oxford University Press (3rd 

edition).
Twiddel, J. and Weir, T. (2015) ‘Renewable Energy Resource’, Routledge 

(3rd edition)
My 2013 e-book Renewables: A Review of Sustainable Energy Supply 

Options for the Institute of Physics also takes you through the basics 
focusing on the technology. It is updated weekly by my Renew Your 
Energy Blog for the IOP’s Environmental Research Web: http://blog.
environmentalresearchweb.org/author/dxe 

My bimonthly Renew on Line Blog, from which much of the material 
for this book was taken, may also be useful: https://renewnatta.
wordpress.com/. For a more scholarly text see the book I edited, with 
my new update: Sustainable Energy (2015 edition), Palgrave.
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