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Can wind energy be effective? 
Renewable energy has many critics. But are they well 

informed? Early in December 2002, Ian Fells, professor 
of Energy Conversion at Newcastle University, told 
BBC’s Radio 4 Today programme if we wanted electricity 
on tap and at the same time meet our Kyoto Protocol 
commitments to reduce carbon dioxide emissions, we 
would fail abysmally unless we replaced and even added 
to our nuclear power capacity, currently 25 percent of UK 
electricity generation. Renewable energy sources, such as 
wind-power, he insisted, would be marginal to needs and 
barely worth the cost of developing.

Ian Fells’dampening remarks on the inadequacy of wind-
power and the old shibboleth that wind is likely to fade 
away when most needed, contrasted with the experience 
of one of Denmark’s energy experts who, on the same 
December 2002 Radio 4 programme, pointed out how 
successful his country’s strategy had been in developing an 
electricity supply industry where wind-power now provides 
20 percent of total electricity. It had been good for jobs, 
good for exports and good for Denmark’s energy needs, 
with the industry employing 16,000 and annual sales of 
wind turbines reaching more than 2 GW, therefore equal 
to two large nuclear power plants.

Greenhouse gases: nuclear power & renewables
So what about the efficiencies of nuclear power and 

renewable energy, and their contributions to global 
warming? 
• Firstly, a study by Germany’s Oko-Institut,1 shows 

energy from nuclear power releases 4-5 times more 
carbon dioxide, CO2, per unit of energy produced than 
renewable energy, taking into account the entire nuclear 
fuel cycle. (Wind turbines do not emit CO2 emissions, 
but from a life-cycle perspective some CO2 is emitted 
during various processes in a wind turbine’s life e.g. in 
building the turbines.) For an onshore Vestas 90 3.0 
MW turbine, the figure is 4.64 grams of CO2, which 
compares well with CO2 emissions of 548 grams per 
KWh from average European electricity. 

•   Secondly, nuclear power is seven times less cost-effective 
at displacing carbon dioxide emissions than the cheapest, 
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fastest alternative - energy efficiency, according to studies 
by the Rocky Mountain Institute. For example, a nuclear 
power plant typically costs at least $2 billion, just to 
build the plant, excluding extraction and processing 
costs of uranium ore. If that $2 billion were instead 
spent to insulate drafty buildings, purchase hybrid cars 
or install super-efficient light bulbs, it would make 
unnecessary seven times less carbon consumption than 
the nuclear power plant would.  Energy efficiency offers 
much more for your money than nuclear energy ever 
can. In a world of limited capital, investing in nuclear 
power diverts money from better responses to global 
warming, thus slowing the world’s withdrawal from 
carbon fuels at a time when speed is essential.

• Thirdly, economies of scale demand nuclear power 
stations are large, at least one gigawatt (electrical) in size. 
Their sudden shutdown can put considerable strain on 
the overall electricity supply system. If the shutdown 
is the result of a generic problem, it will have major 
consequences, including the need to bring on-stream 
a large tranche of spare capacity. That spare capacity is 
likely to be fossil-fuel based which is relatively inefficient 
and produces copious greenhouse gas emissions.

Nuclear power inefficient
To emphasise nuclear power’s advantage, we tend to 

compare emissions of greenhouse gases from nuclear 
power plants with those from coal-fired electricity 
generation. But coal is no longer the fuel of choice 
and its replacement by natural gas burners leads 
immediately to a 30 percent improvement in 
greenhouse gas emissions, watt per watt. This factor 
explains to some extent how the U.K. has managed 
to comply with its obligations to the Kyoto 
Protocol, at least post-Thatcher and post-1990. In 
1990 when a base-line inventory for greenhouse gas 
emissions was set for each industrialised country, 
the U.K. largely turned its back on coal-burning. 
• Nuclear power stations are built away from 

population centres and are relatively inefficient 
from a thermodynamic aspect, losing two-
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thirds of energy produced as heat to the immediate 
environment (a body of water or cooling tower). 

•  The one-third remainder of nuclear electricity must be 
transmitted into a central grid system, where losses can 
amount to 10 percent. 

•   The result is only about one quarter of the nuclear energy 
originally released gets to the consumer.

Best option, cogeneration systems locally sited  
Another point is that while nuclear power is primarily 

a means of generating electricity and consequently wastes 
two-thirds as heat to the atmosphere, natural gas, can be 
used easily and directly in the home to produce warmth 
and hot water. Ideally it’s the fuel of choice in co-generation 
plants where both useful heat for the home and electricity 
are supplied. 
• Cogeneration systems usually consist of relatively 

small power plants for electricity generation, sited 
close to where the energy is required. The advantage of 
cogeneration systems lies in the way they convert waste 
heat into hot water, which can be used to advantage in 
homes or factories. 

• Waste heat is conventionally lost to the environment in 
large isolated power plants.

Mycle Schneider, director of the Paris Office of WISE, 
the World Information Service on Energy points out that 
two-thirds of consumed energy (apart from transport) is 
for heating, and one-third for electricity in an average 
French household. Therefore, if nuclear power is used to 
generate electricity, some other fuel is required for heating 
the home, which is far cheaper and more efficient than if 
electricity were used for all purposes. 2 

When transmission losses of 12 percent in a central 
grid system are taken into account, local cogeneration 
easily wins for its ability to achieve an overall efficiency 
of nearly 90 percent for consumers’ end-use. An isolated 

power plant, connected to a central grid 
system, by comparison achieves only one 
quarter of that. It’s therefore much more 
effective to use cogeneration systems, both 
for energy efficiency and curbing greenhouse 
gas emissions than to use nuclear power. 
That advantage improves significantly when 
a renewable fuel such as biogas is used.  

Biogas is just one renewable energy source. 
We must add wind-power, hydro-power, tidal 
and wave power, solar heating and photovoltaics. 
It’s obviously sound policy to have a number of 
energy sources in the total make-up of our 
supply system, rather than just one source. The 
more these systems can be partially or wholly 
decentralised across regions, the more efficient 
generation is likely to be. In much of Western 
Europe, wind-power has taken off.  

Renewable energy on the rise
GERMANY plans to triple its wind energy to deliver 

14% of its electricity consumption by 2015. 3  
“Can wind energy deliver an important part of a 

country’s electricity supply? The answer is yes. It costs 
little and there are no technical constraints,” said Corin 
Millais, CEO of the European Wind Energy Association 
on 10 May 2005 in a press release of a German study on 
grid integration of wind energy. “The opinion wind energy 
can’t deliver on a big scale has been blown away.”3 Key 
results of the study are:
• Wind energy in Germany can expand from almost 

17GW today to 36 GW in 2015 and 48 GW in 
2020. 

 • Wind energy increases only marginally electricity costs 
to consumers. For an average household using 3MWh 
annually increased costs due to higher generation costs 
and increased grid charges would be around 1 € per 
month.

• Wind energy requires only minor expansion of the grid. 
Grid extension alone would increase electricity cost by 
2015 for consumers by the equivalent of less than 1 € 
per household annually.

• Wind energy does not require construction of 
additional “balancing” power stations; Additional 
required balancing power can be provided by existing 
conventional plants.

• Wind energy can help maintain security of supply in 
the system and contribute a significant percentage of 
the power supply. 

BRITAIN aims to increase the contribution of 
renewables to its electricity to 10 percent by 2010, and 
intends to have 20 percent generated from renewable 
sources by 2020. A key finding of a recent report by the 
government’s Sustainable Development Commission, 
Wind power in the UK, said onshore wind is one of the 
cheapest forms of renewable energy and increasing supply 
to 20 percent by 2020 would present only a very modest 
cost increase for consumers, which compares well with 
other energy sources. As fossil fuel prices increase and wind 
turbines become cheaper to build, wind power may even 
become one of the cheapest forms of electricity generation 
over the next 15 years. 

In DENMARK, wind energy already contributes 20% 
to electricity and the country has a target for 25% of wind 
generated energy by 2008. The Danish Wind Industry 
Association aims for a target of 35% wind energy by 2015. 
A May 2005 study reports grid integration of up to 50% 
of wind energy in the Danish electricity system by 2025 
is technically and economically feasible.4

Socio-economic benefits of well-placed wind turbines 
are now greater than ever. According to a recent analysis 
by ECON, well placed new turbines are now able to reduce 
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1 ton of CO2 at the cost of 12.6 € – a clear improvement 
on the 16.4 €, it cost only two years ago. The 12.6 € a ton 
estimate is notably lower than the target of 16 € per ton 
CO2 set by the Danish government as a marker for when 
it considers domestic CO2 reduction initiatives feasible.4

SPAIN on 26/8/05 announced plans for renewable 
energy to produce 12 percent 
of total electricity generation 
by 2010. Its target is for 20,155 
MW of installed wind electricity 
capacity by 2010. The National 
Plan also aims to have 500 MW 
of thermoelectric solar power 
generation capacity installed 
by the end of the f ive-year 
period and to boost targets for 
biomass and thermal electricity 
generation.5 From around 200 
MW in 1997, the Spanish 
wind market has been steadily 
growing at annual rates of more than 30%. In 2004, Spain 
reached a record level of 2,065 MW installed,  taking the 
total to 8,263 MW.6   

Wind turbines return energy dues in months
A prime criticism against wind turbines is they will 

never pay back the energy investment in manufacture, 
transport to the site, construction, maintenance and 
finally their dismantling. Vestas of Denmark, world 
leader in wind technology, carried out a rigorous analysis 
of cradle-to-grave energy costs of its larger wind turbines. 
The study, published in 2005, 7 shows a wind turbine will 
pay back its energy inventory in just over half a year of 
normal operation. This compares very favourably with 
nuclear power stations, which take many years to return 
their energy dues when high-quality uranium ore is used 
and would fail to do so utterly were poorer grades used.  

Judiciously sited in a housing complex or block of flats, 
Combined Heat and Power systems - CHP - are much 
more efficient, as Lewis Dale and coauthors have shown.8 
They have another advantage in being far safer than nuclear 
power plants (for report on nuclear hazards see previous 
article, TAKING THE WIND OUT OF NUCLEAR 
POWER) Also, the system is flexible and can be powered 
down when the wind is blowing strongly and brought up 
to full power when needed. “Such embedded generation 
immediately improves the quality of supply,” Peter Edwards 
told me, “evening out those fluctuations that have been the 
a curse of electricity supply throughout Cornwall, not least 
because the bulk of our electricity comes from the Hinkley 
Point nuclear power station, more than 150 miles away.” 

Edwards developed the first British windfarm over 14 
years ago in Cornwall in response to the threat of a nuclear 
power station being built nearby at Luxulyan. After 10 
years of carefully analysed records they have discovered 
benefits from wind generation they barely suspected.

Only months to install turbines
It took only a few months to get the ten Vestas 400 

kilowatt turbines up and running, (rather than the decades 
it can take to build nuclear plants, see previous article). 
Each machine was sited in hedgerows across the farm, 
leading to minimal loss of land and since they were all 

plugged into the local Delabole 
11,000 volt substation, they 
instantly provided power to 
the neighbourhood, avoiding 
the substantial distribution 
losses of distantly connected 
power stations. With such a 
system, wind would make a big 
difference to the amount of fuel 
required, simply because of the 
embedded nature of the flexible 
power supply system. This 
does not mean the central grid 
should be dismantled, rather, it 

should be used as a back-up system for local embedded 
power production.    

By doing this, the U.K. could reduce demand for 
electricity by 25 percent or more, simply by balancing 
out the difference between base load and peak load 
requirements. Systems that do this have been operating 
for at least 30 years and were part and parcel of small-
scale generating systems used in isolated dwellings and 
communities. The inspiration for such a system came from 
a West country-based engineer, Rupert Armstrong-Evans,9 
who wanted to extract as much power from a system, such 
as mini-hydro plant, as it could possibly deliver. Even 
though the electricity fluctuated on a daily or hourly basis, 
it could be manipulated electronically to provide superb 
quality power for delicate appliances such as computers, 
TVs, and the like. A black box between the end-use 
consumer and the supply took any excess power, over and 
above that being used for lights and appliances, by putting 
it into a buffer heating circuit. Hence storage heaters, 
immersion coils in boilers and even storage heater 
cooking stoves would all benefit from the excess 
electricity that would be generated during the night 
when the household was asleep, or indeed during 
the day if the occupants were out working.

In such a localised embedded system, there 
are limits to the amount of electricity that can be 
provided at any time. Armstrong-Evans therefore 
devised his black box to warn the household it 
was approaching limits when demand for quality 
electricity was close to exceeding supply. All the 
consumer has to do is switch off any unnecessary 
appliance for that particular time. So the consumer 
is made responsible for wise use of electricity 
without losing the comforts and conveniences of 
the modern home.
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Imagine the use of such black boxes throughout the 
UK. They could be set to allow a certain amount of 
electricity to pass through the box. When the household 
was asleep, using minimal power, the electricity entering 
the building would pass automatically through heating 
circuits, possibly including heat-storage cookers. Each 
household would regulate its base-load requirements from 
month to month, season to season. If their demand went 
over the set amount, the consumer would pay heavily 
for the marginal costs of bringing in more electricity. It 
is therefore up to the consumer to limit intake into the 

household by switching items on and off as required, 
rather than leaving them on regardless of the impact on 
total capacity required.

Once the electricity levels supplied by an intermittent 
source, such as wind turbines, fell below a critical point, 
then the back-up CHP system would automatically come 
on stream, levelling off the power produced as the wind 
came back and then switching off when wind returns 
to full strength. The management of such a system 
could be left to electronic controls combined with self-
responsibility.

Such a system could be used whether or not the supply 
was embedded or derived from the central grid. At the 
same time, it would allow good control of an efficient 
flexible back-up system linked to an intermittent supply, 
whether wind, wave, tidal or indeed photovoltaic. In 
fact, increasing use of renewable energies demands we 
think again about the wisdom of relying on a central grid 
dominated by big power stations.

Judicious use of energy, especially of electricity, together 
with vastly improved energy efficiency in the United 
Kingdom should make it possible for everyone to have 
a decent standard of living, without recourse either to 
nuclear power or fossil fuel burning.

We will have to change fundamentally the way we 
view our right to consume as much energy as possible, 
for a much more restrained and equitable use of energy. 
The idea of ‘contraction and convergence’ of the Global 
Commons Institute, by which industrialised nations 
reduce and curb their greenhouse gas emissions while 

developing countries are 
granted leeway to catch up 
to the ‘contraction’ level, 
offers a political path to 
greater equity in the world, 
while protecting us from 
the worst effects of climate 
change. 

Apart from improving 
efficiency of energy use and 
eliminating waste, can we 
really continue to expand 
our energy requirements 
as if there were no limits? 
We must remind ourselves 
that if the world’s current 
population was to consume 
energy at the rate of the 
average individual from the 
United States, we would 
require an additional earth 
to feed that consumption. 
Alas, there is no other 
planet available to us. ■PE

■  Peter Bunyard, science editor of The Ecologist, U.K.  This article has been 
abridged from a larger article by Peter Bunyard and updated for Pacific Ecolo-
gist by its editor.
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