
SUBMISSION FROM D.H THOMPSON 
 

With reference the Inquiry, I wish to lodge my formal submission to the proposals 
based on the reasons below: 
 
Before any decision can be made for any windfarm project there are several 
questions which require answering via a rigorous analysis conducted by unbiased 
professionals. These questions are, as a minimum: 
 
1. Is it economically attractive and acceptable? 
2. Is it technically attractive and acceptable? 
3. Is it environmentally attractive and acceptable? 
 
In order to answer some of these questions I refer you to a paper published in the 
TCE (The Chemical Engineer, www.tcetoday.com) in October 2011 by Stephen 
Bush, emeritus professor of process manufacture at Manchester University in which 
he outlines the huge problems facing the UK progressing to a green economy.  The 
figures quoted below are from his article. 
 
1. Is it economically attractive?  
 
Based on the table below you will see that while wave/tidal/wind power generation 
result in the lowest carbon footprint they are all the most expensive in terms of 
capital cost and generation cost. The capital cost for biomass is significantly less 
than wind/wave/tidal with third lowest carbon footprint and third lowest cost of 
generation.  
 
The costs for the other systems are self- explanatory. 
 
 Cost assumptions for different strategies  

System  £m of 
capital cost 
(2008) per 

GW 
delivered  

Total cost in 
2008 pence 

per kWh 
(units)  

CO2 
emissions 

in ‘000s 
tonnes per 

GWh 
delivered  

Biomass  1,250  4.0  .15  

Wave and 
tidal  

11,400  9.0  .01  

Offshore 
Wind  

10,500  8.0  .01  

Onshore 
Wind  

2,960  4.7  .01  

Oil  1,250  4.0  .70  

Closed cycle 
gas turbine  

810  3.0  .37  

Coal  1,320  3.4  .96  



Nuclear  2,100  3.2  .037  
Based on the above figures it is obvious that windfarms, on or offshore, wave and 
tidal, are totally unattractive economically, and should not even be considered 
 
2. Is it technically attractive? 
 
While wind technology is now well proven, if the load factor for wind generation in 
February 2010 (a very cold winter!) is considered, the load factor ranged from 0-10% 
for 13 days, 10-30% 12 days with the remainder between 30 to the maximum of 
48%, an average of 28%!  Whereas nuclear and closed gas turbine cycle was 74 
and 75% respectively. 
 
On this basis with such a poor usage of wind power during times of what can be 
extreme cold in winter,  is simply stupid and obviously there has to be back up for 
when the wind doesn’t blow or it blows too hard. 
 
On these grounds it is not technically attractive. 
 
3. Is it environmentally attractive? 
 
Looking at the space required to produce the electricity in watts/m² it is obvious, from 
the table below, that to generate wind power requires a huge amount of space, more 
than 600,000 times as much as a steam turbine.  Even allowing for possible future 
efficiency improvements of wind turbines, it will still make a huge ground area 
footprint with the consequential problems. 

 Typical power intensities  

Type of energy                        W/m²

1  Sun’s rays at North 
European surface 
averaged over the 
daylight hours of the 
day through the year  

200  

2  Wind passing through 
the blades of a 
windmill at 10 m/s  

600  

 

                3  

 

Batteries: (Figures 
depend on assumed 
endurance – 20hours) 

Lithium-ion                   

Lead-acid         

 

 

 

 

5,200  

1,500 

                 4  Tidal water flowing at 
5 knots (eg Pentland 
Firth or the Islay-Jura 
strait)  

 

24,000  



5  120 HP engine in a 
medium-sized saloon 
car  

400,000  

6  Steam passing 
through the blades of 
a 500 MW steam 
turbine in an 
electricity power 
station  

400,000,000  

 
Based on the above it cannot be said that any wind farm can be considered 
attractive based on the areas required.  This obviously does not take into account 
any effect on indigenous wildlife over such large areas, especially in an area of 
outstanding beauty where so many windfarms seem to be planned. I can’t see 
tourists wanting to visit the wind farms of Scotland! 
 
I have not mentioned the waste of taxpayers’ money going to the landowners, and 
the effect of taxpayers’ money subsidising inefficiency, which I trust will be 
considered. Only after rigorous economic, technical and environmental 
considerations should any windfarm be considered. 
 
The article I quoted goes into far more depth re power generation in the UK to 2020 
and secure strategy to 2050. All those involved in this application, and any other 
power generation proposals, should read it. 
 
 
 
D H Thompson MIChemE CEng 
18 March 2012 
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THE challenge of maintaining energy 
security while cutting greenhouse gas 
emissions is driving a fundamental 

change in the way countries around the 
world produce their energy. 
    In the UK, the Climate Change Act 2008 
has set the country the challenging target of 
reducing emissions of CO

2
 and CO

2
 equivalents 

by 34% from 1990 levels by 2020, 50% by 2027, 
and 80% by 2050, though  the 2027 target is 
subject to review in 2014. Coupled with rising 
demand and the already painful impact of 
higher energy prices, meeting this target will 
be challenging indeed, leaving some engineers 
to wonder what it will take to square this circle.

    For electricity alone, the official target is 
to raise the proportion generated from low 
carbon sources from around 20% in 2009 
(essentially nuclear and hydroelectricity) 
to 40% by 2020. These targets are not only 
the biggest proportionate changes for total 
energy of any Western nation; they are also 
the most difficult. In 2009, the UK had the 
highest dependency on hydrocarbon sources 
of any large Western economy at 92% of 
total energy, or 230m toe (tonnes of oil or its 
thermal equivalents for gas, coal, nuclear, 
hydroelectricity, wind, sea and solar). In 2008, 
188m toe (or 2200 TWh) were consumed as 

Squaring 
the circle
Stephen Bush and David MacDonald outline 
the UK’s gigantic hurdles towards a green 
economy
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    It needs to be appreciated that the fossil 
fuel removed has to be replaced by electricity 
because this is what nuclear, wind, wave, 
solar deliver. On these figures, by 2027 we 
would need to build 140 + 288 = 428 TWh 
of new electricity output; by 2050, 428 + 
653 = 1081 TWh. These figures should be 
compared with the total UK electricity 
production in 2008 of around 360 TWh.  
    The number of installations required to 
generate the electricity to replace fossil 
fuels (see Table 2) depend on their capacity 
and availability. A 1,600 MW Areva-type 
nuclear reactor working at 80% availability 
generates 11 TWh/y, so around 13 would 
need to be built to meet the 2020 target; an 
impossible task. A 3 MW wind turbine with 
75 m blades on an 80 m mast onshore has 
achieved average availability of around 24%, 

while for offshore 30% future availability 
is claimed yielding 6.3 GWh/y and 7.9 
GWh/y respectively. To meet the 2020 target 
would require 20,000 and 16,000 turbines 
respectively; an equally impossible task over 
the next nine years (six to be built every day). 
The 2027 target is even further out of reach.
    Besides wind and nuclear, much 
consideration has also been given to 
solar, wave and tide, and CCS to replace 
hydrocarbons as primary energy sources 
for electricity generation and biofuels as a 
substitute for gasoline and kerosene in land 
and air transport.
    While all of these systems may find uses 
at some scale of operation, for supply 
to the national grid on an industrial 
scale (approximately 10 TWh/y), three 
fundamental factors: power intensity, 

electricity and fossil fuels in the UK’s five 
sectors of economy (see Figure 1). 
    In the following analysis, the source data 
is to be found in the paper by the authors to 
the National Grid Consultation 2010 at the 
link shown at the end of the article.
  Table 1 shows the CO

2
 emitted from each 

type of fossil fuel combusted. In terms of 
emissions reductions for the same electricity 
produced, the combined cycle gas turbine 
(CCGT) system emits only about 37% of CO

2
 

that a standard coal-burning station does 
and just over 50% CO

2 
of an oil-fired station. 

These figures reflect the fundamental laws 
of chemical combination and heats of 
formation and the thermodynamics of the 
steam and gas turbine cycles.

reducing emissions
Using fossil fuel combustion figures (see 
Table 1) and given the 2008 mix of power 
stations as currently deployed (coal 36%, gas 
36%, oil 6%, nuclear 14%, others 8%), annual 
emissions from the fossil-fuelled stations 
amount to around 30% of the UK’s total, ie 
190m t CO

2 
equivalent out of the 2008 total 

of 633m t. Table 2 also gives the emissions 
targets for 2020, 2027 and 2050 and the 
required replacement capacities (assuming 
no change in energy demand). 

Table 1: Fossil fuels and CO2 emissions

Tonnes of 
CO2 per 
tonne of 

fuel burnt

Tonnes 
of CO2 

per toe of 
fuel burnt

Tonnes 
of CO2 

per MWh 
(heat)

Thermal efficiency 
to electricity (η)

Tonnes 
of CO2 

per MWh 
(electricity)

“High 
hydrogen” coal

3.43

3.43

3.96

3.96

.336

.336

0.35  
(standard boiler)

0.45 
(supercritical boiler)

.96

.75

Octane (liquid) 3.09 2.9 .247 NA NA

Fuel Oil 3.14 2.95 .25 0.35 .71

Methane (gas) 2.75 2.34 .198 0.55 (CCGT) .36

Table 2: Removal of fossil fuel burning installation and 
replacement by electricity production

2008 2020 2027 2050

Millions of tonnes of CO2 emitted  (targets in brackets) 633 (512) (390) (155)

Fossil fuel plant retained in millions of toe of energy               
input on assumption that coal is removed                  Coal   
before oil and gas, and that electricity stations             Oil 
are removed before heating processes      Gas

40
80
110

9
80
110

0
51
110

0
0
74

New build of electricity in increments of TWh  
between dates

140 288 653

Figure 1: Energy users (million toe per year) 

 Industry (21%)

	 Transport (2%)

	 Housing (23%)

	 Business (26%)

	 Public sector (23%)

(Percentage of energy used as electricity 
shown in brackets)

19 52

55

49

13



32    www.tcetoday.com   october 2011  

tce RENEWABLE ENERGY

obtained for our eight nuclear stations and 
wind generation supplied to the grid in the 
month of February 2010 is a good example of 
this intermittency (see Figures 2 and 3). 
    Lest the volatility shown in February 2010 
be thought to be unusual, the monitoring 
exercise has recently been repeated in March 
2011. This showed that on 28 March that the 
entire 3226 MW wind capacity connected to 
the National Grid, spread over 77,700 km2, 
was reduced to 9 MW at one point (0.27% of 
nominal capacity). Three days later, output 
was 2,618 MW (81%), a switch of 25 GW – 
even greater than in February 2010.
    Taken over a whole month, February 2010, 
one of the coldest on record, the recorded 
usage factors for each of the ten systems 
connected to the grid were substantial (see 
Figure 3). The removal of even one third of 
the 32 GW nominal wind capacity would 
therefore result in widespread blackouts. 
The reality is that wind power can efficiently 
only supply relatively scattered populations, 
where there is backup from local diesel 
generation, or from the national grid. 
    In principle, intermittent supply can be 
mitigated by buffer storage. For a national 
supply system, however, the numbers are 
very adverse. To store a week’s supply of 
electricity from the current 3,226 MW grid-
connected wind capacity working at the 
annual average 25% load factor (see Figure 
2) would require 4.5m m3 of hydrogen stored 
at 10 bar, or a lithium-ion battery stack 100 
m2 by 34 m high (see Table 4). Extrapolated 
ten times to the 32 GW of wind capacity 
proposed in National Grid’s Gone Green 
scheme, it can be seen that this buffer storage 
concept to use wind power on this scale is 
another blind alley.

cost and carbon
With the huge expansion of electricity 
required (Table 2), minimising the cost of 
generation and distribution is vital for the 

Table 3: Typical power intensities

Type of energy W/m2

1 Sun’s rays at North European surface averaged over the daylight 
hours of the day through the year

200

2 Wind passing through the blades of a windmill at 10 m/s 600

3 Batteries: (Figures depend on assumed endurance - 20 hours)                                                         

Lithium-ion 
Lead-acid

5,200
1,500

4 Tidal water flowing at 5 knots (eg Pentland Firth or the Islay-Jura 
strait)

24,000

5 120 HP engine in a medium-sized saloon car 400,000

6 Steam passing through the blades of a 500 MW steam turbine in an 
electricity power station

400,000,000

Table 4: Energy storage potential of different energy sources

Fuel MJ/m3 KJ/kg

Coal (anthracite) 36,000 26,000

Natural gas at 10 bar pressure 390 55,300

Gasoline/kerosene/diesel 31,000 44,200

Hydrogen at 10 bar pressure 107 118,700

Uranium fuel (enriched to 2% U-235) 26,300m 1,650m

Water stored at 1,000 m 10 10

Lead-acid battery 400 150

Lithium-ion battery 1,440 990

energy storage density and energy source 
intermittency, determine land use, system 
reliability and cost per unit of electricity 
delivered.  

problems with space
Power intensity in W/m2 determines the 
space needed to capture and use natural 
and synthetic energy sources for electricity 
generation or transportation (see Table 
3). The gigantic differences between 
windmill power and steam power show 
why windmills have to be so tall, and why 
wind farms and solar panels occupy so 
much land space to generate the output of a 
conventional power station (1,000 MW).
    Because of intermittency or variation in 
its source of energy and the need to cope 
with interruptions due to maintenance and 
breakdown, energy systems will generally 
need some form of storage or redundancy. 
In the transport field, cars and planes 
have to carry their energy with them, so 
the energy density either in joules per unit 
volume or weight is of crucial importance 
(see Table 4).
    The order of magnitude differences 
between batteries and fossil fuels is due 
to the order of magnitude differences 
between the breaking of covalent bonds in 

combustion, and the formation of ions in the 
case of batteries. 

sources may vary
Along with solar, wind power poses the 
greatest problem of intermittency. The 
problem will become acute when wind 
makes up more than a few percent of 
supply as government policy clearly intends 
it should. The day-by-day load factors 
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Table 5: Cost assumptions for different strategies

System
£m of capital cost 

(2008) per GW 
delivered

Total cost in 2008 
pence per kWh 

(units)

CO2 emissions in 
‘000s tonnes per 
GWh delivered

Biomass 1,250 4.0 .15

Wave and tidal 11,400 9.0 .01

Offshore Wind 10,500 8.0 .01

Onshore Wind 2,960 4.7 .01

Oil 1,250 4.0 .70

Closed cycle gas 
turbine

810 3.0 .37

Coal 1,320 3.4 .96

Nuclear 2,100 3.2 .037

competitiveness of the process industries 
which are the major fossil energy using 
sectors of industry, which overall is 
responsible for nearly a quarter of all UK 
energy consumption (see Figure 1).  
    Replacing coal with offshore wind 
electricity amounts to about £50/t ($77/t) 
of CO

2
 not emitted, or around £6b/y in 

additional generating cost just to meet the 
2020 target for emission cuts (see Table 2). 
 The capital cost of building the wind 
capacity to deliver 140 TWh per annum 
must also be added. These figures are 
estimated at £47b onshore and £168b 
offshore (see Table 5). 
    Separating CO

2
 from nitrogen and 

other boiler exhaust gases, compressing 
and storing have been considered as an 
alternative to closing fossil fuel plants on 
emission grounds. Here again, the basic 
numbers will rule as follows. Applied to a  
4 GW, 29 TWh/y coal-burning station, 
(comparable with Drax power station 
in Yorkshire) around 27m t/y of CO

2 
is 

generated (see Table 1). In the liquid state, 
this would require about 14m m3/y of secure 
storage. This corresponds to 18,000 km of  

1 m diameter pipe (which would be enough 
to go four times around the UK) every year. 
Besides pressurised CO

2
 storage, there is 

also the separation of 27m t of CO
2
 from 

about 80m t of nitrogen and 3m t of steam 
in the exhaust. These numbers greatly 
exceed even the largest ammonia plant, 
which would be several times the size of 
the power station itself, and would absorb a 
large part of the power generated. Overall, 
the proposal seems completely impractical. 

averting catastrophe
Readers will draw their own conclusions 
from the inexorable figures above, but 
for these authors, only a system with its 
baseload provided by nuclear power, 
supplemented by gas for peak demand, 
and retaining the existing wind investment, 
can possibly supply the UK long-term with 
the huge amounts of secure and reliable, 
predominantly electrical energy, it needs. 
To actually achieve a changeover to a 
largely non-fossil fuel economy without 
wreaking catastrophe on our industries, the 
targets set by the Climate Change Act 2008 
(see Table 2) will have to be pushed back no 
matter whatever combination of electricity 
generating technologies is built. tce

Stephen Bush (stephenbush@
technomica.co.uk) is emeritus professor 
of process manufacture at Manchester 
University and director of Prosyma 
Research. David MacDonald MIET is 
director of Hill Path Projects.

data sources
Maintenance of UK Electricity Supplies 
to year 2020 and proposals for a secure 
energy strategy to 2050 by the authors at 
www.nationalgrid.com/uk/Electricity/
Operating+in+2020/ Consultation response 
by Prosyma Research

Figures 2 & 3: Load factors, nuclear and wind, February 2010 and usage factor, February 2011
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Bottom left: Solar panels require more land 
than a conventional power station to generate 
the same amount of power 
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