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Who Am I?
• Resident of Banchory for 5 years

– Wife Dorothy works in Millstream Surgery
– Two Daughters in S3 & S1 at 

Banchory Academy
(and yes, they walk to school)

• Reservoir Engineer with Centrica Energy
– And I get the Bus every day to Aberdeen– And I get the Bus every day to Aberdeen

• Trained as Physicist & Nuclear Engineer
– BSc  Physics
– MSc Nuclear Fission Reactors
– PhD Nuclear Fusion Research
– CPhys & CEng

• Worked in Oil & Gas for 25 years
I am interested in Energy & Climate



Who Am I Plagiarizing?

• David MacKay
– Prof of Physics at University of Cambridge

• Author of
“Sustainable Energy: Without the Hot Air”

– Bookshops: ISBN-13: 978-0954452933

Or Should that be Re-Cycling?

Looks clever 
don’t you think?

– Bookshops: ISBN-13: 978-0954452933

– Or for FREE: http://www.withouthotair.com
– Most of the book can be read by ANYONE
– Some might require Standard Grade Maths

• Now Chief Scientific Advisor to DECC

Oh, and he’s an Old Boy of my School



Motivation

• UK now gets 90% of its energy 
from burning fossil fuels
– Has been good for Aberdeen, but …
– We are no longer self-sufficient in 

Oil or Gas

Do you want 
MY gas 

Comrade?

– We are reliant on the Market

• Is this Sustainable?
• We need to understand Supply 

and Demand
– Can be hard to differentiate 

between Fact and Fiction



Peak Oil or Everything is Fine
When will the World hit ‘Peak Oil’?

Place your money and make your bets …

But

Fossil Fuels ARE a Finite Resource

World Population Continues to IncreaseWorld Population Continues to Increase
Demand for Energy Will Continue to Increase

Oil is not just for burning – Feedstock for Petroche mical Industry

CLIMATE CHANGE?

The Scientists Are As Convinced As They Can Be!



All I Want To Say About Climate Change!

• When trying to work out what to believe about the science behind climate 
change, should I listen to 

– The IPCC
– The International Council of Academies of Engineering & Technological Sciences
– The Royal Society
– The American Association for the Advancement of Science
– The European Science Foundation
– The Federation of Australian Scientific and Technological Societies– The Federation of Australian Scientific and Technological Societies
– The American Geophysical Union
– The European Federation of Geologists
– The European Geosciences Union
– The Geological Society of America
– The American Meteorological Society
– The Royal Meteorological Society
– The American Astronomical Society
– The American Institute of Physics
– … And there’s lots more of these …

Or George in Kentucky?



Use Consistent Units!

Energy

Do You Know How To Convert Between?
Barrels of Oil

BTU
ExaJoules (EJ)

Time
Energy

Power=

POWER in kWh/day ENERGY in kWh

2 kW Bar Fire uses 48 kWh/day



The Banchory Commuter
Ban/Dyce   = 46 miles/day
Ban/Altens = 40 miles/day
Ban/ABZ    = 36 miles/day
Ban/W-H    = 30 miles/day

Assume Average of 38 m/d
or 60 km/d

Average UK family car ‘economy’ ~ 33 mpg 
or 12 km/L

Energy content of petrol = 10 kWh/L

Energy/day = (Distance/day)´ (Energy/Vol)/(Distance/Vol)

Energy/day =     (60 km/d)    ´ (10 kWh/L) /(12 km/L)

Daily Commute = 50 kWh/d 24/7



Flying
Boeing 747-400 with 240,000 L of fuel can 

carry 400 passengers 8800 miles (14,000 km)

1 Round-Trip = 2´ (240,000 L)´ (10 kWh/L)/(400 pass) = 12,000 kWh/pass

LHR/Cape Town  = 10,000 km
LHR/Los Angeles =  9,000 km

1 Round-Trip/Year = 33 kWh/day  

More realistically, fly 10,000 km with 80% load factor (320 passengers)

1 Round-Trip/Year = 30 kWh/day       

Cars & Planes

24/7/32



Keeping Warm/Cool

A bath uses
Where
V = (50 cm)´ (15 cm)´ (150 cm) » 110 L
C = 4.2 kJ/L/oC

)( CHVB TTVCE -=

1 person can keep warm in 1 
room with 1 bar fire ~ 24 kWh/d
Only needed for ½ year but we 
heat more than 1 room!

CV = 4.2 kJ/L/oC
TH = 50 oC
TC = 10 oC
So that  EB = 18 MJ ~ 5.0 kWh

A shower uses 30 L ~ 1.4 kWh
Cook/Clean/Cool ~ 12 kWh/d

Heating/Cooling ~ 36 kWh/d



Why do we keep the fire on?
• A perfectly insulated building would hold its heat forever
• Heat leaks via

– ConDuction: flow through solid walls, windows, doors, …
– ConVection: hot air escaping thru cracks, gaps, ventilation ducts

( )outinD TTUAreaP -´´= )( ( )outinAirV TTCNVolumeP -´´´= )(

(Area) of wall/door/window (m2)
(Volume) of room (m3)
U – Heat Transfer Coeff (W/m2/oC)
CAir - Heat Capacity Air (1.2 kJ/m3/oC)
Tin – Inside temperature (oC)
Tout – Outside Temperature (oC)
N – Number of Air Changes/hour

Reduce U
Insulate, Insulate, Insulate

In both cases
Reduce T in

‘Wear a Jumper’

Typical Air Changes/hour
Draughty room N ~ 3

N < 0.5 DANGEROUS
Build-Up of CO2, H2O …



Lighting – A No-Brainer!?

Now or Later?
Economics says NOW!

Light ~ 4 kWh/d



Gadgets

“Turn off your mobile
when its not in use”

Well done ~ 0.01 kWh/d
Equivalent to 1 sec driving!

Gadgets ~ 5 kWh/d

Turn-off the Computer and TV!



Stuff: RPUD
• Phase R: Raw materials
• Phase P: Process
• Phase U: Use
• Phase D: Dispose

0.6 kWh

4 kWh/d3 kWh/d

Transporting this stuff ~ 12 kWh/p/d

UK doesn’t make much stuff any more

Making this stuff ~ 48 kWh/p/d

2 kWh/d14 kWh/d



• Remember
– These are average figure for our reasonably affluent

Mr & Mrs Average of Banchory
– Is your car is a big 4x4? Your car ‘cost’ is higher
– Never holiday outside Scotland? Your flying ‘cost’ is zero

• Buy (or download for free) the book and calculate your 

Adding Up the Consumption

• Buy (or download for free) the book and calculate your 
contribution yourself

• In the meantime, what’s the other side of the story?
– Can we generate meaningful amounts of renewable energy 

nearer to home?
– If we could, could we build it?



Wind Turbines

http://www.energysavingtrust.org.uk/Generate-your-own-energy/Can-I-generate-electricity-from-the-wind-at-my-home
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r = density (1.22 kg/m3)
D = diameter (m)
v  = wind speed (m/s)

Wind Turbines need to be big (D)
And on the top of Hills (v)

Rural = 4.04 m/s

1 m D at 4 m/s = 15 W



Reliability?

1 Turbine!

UK Electricity Demand (24 h 10/11 Mar 2010)

45,000 MW

Current Wind Capacity = 1588 MW

How does Grid cope with this swing
when 10x more energy from Wind?



Something More Reliable?
• Remember the Wind Turbine

– Power µ r´ D2´ v3

• One of the problems with 
wind is its density is so low
– Whereas r Water = 800´r Air

• Turn turbines with Water!

PE

Turbine
H

Gravity turns
PE into KEKE

Falls of Dess

P ~ 16 kW

NIMBYism is 
alive & well on 

Deeside



Solar?

• Theoretically 1 kW/m2 at mid-day on 
cloudless day if sun directly overhead

Sun not
overhead

Time of the Year
• And don’t forget the clouds!

• Average UK ~ 100 W/m2 (Banchory Less!)
• How could we use this?• How could we use this?

– Direct Heating (Buildings or Water)
– Generate Electricity (PhotoVoltaic: PV)
– Grow Things (Biomass)

Heat Water @ 50% Efficiency

Assume 10 m2 panels 
on South facing roof

(0.5)(10 m2)(100 W/m2) = 500 W

Low Grade – Use It or Lose it!

Solar
Thermal

Solar PV

Ordinary Panels ~ 10%
Expensive Panels ~ 20% 

20 W/m2 – Is It Worth It?

Biomass

Grow Stuff(*) And
• Burn it, or
• Convert to Liquid Fuel

(*) Best Crops ~ 0.5 W/m2



If you keep saying ‘No’

• Either the lights will go out or
• You might get one of these!

From Los Alamos National Lab (LANL)

70 MW Thermal, 25 MW Electrical

This could supply Marr & Kincardine
Districts – Looks Good Doesn’t It!

Hyperion ‘Nuclear Battery’

70 MW Thermal, 25 MW Electrical

Transported In
Buried Underground
Sealed Unit
Runs for 7-10 years
Dug-up, back to US & re-fuelled
Cost ~ $30M
Ready by June 2013

Enough to power 20,000 US Homes



But Nuclear is Dangerous, Isn’t it?

• Mr Average consumes 16 kg/day of fossil fuels (FF)
– Made up of 4 kg coal, 4kg oil & 8 kg gas which 

produces 30 kg CO2
• Get same energy output (to 16 kg of FF) from 

‘burning’ of 2 g of natural Uranium
– Only ‘burn’ 1% of natural Uranium – U235

– i.e. 0.02 g or 0.00002 kg

‘Wine Bottle’/p/Y

– i.e. 0.02 g or 0.00002 kg
– Breaking nuclear ‘bonds’ gives million times the 

energy of a chemical bond
• UK’s 10 nuclear reactors make 0.84 L/person/year 

of ‘waste’
– If you’re worried by Low level Waste, don’t live in NE 

Scotland – we have higher levels of radiation
– High level will be 1000x less radioactive in 40 years
– Same as original Uranium ore in 1000 years

• Volume (mass) of ‘waste’ is tiny compared with this



Crystal Ball Time

• If we are relying on politicians for 
leadership (local & national)

• FORGET IT
• Price rises and power cuts likely

– Have to close aging Nuclear Reactors 
and Coal Fired Power Stationsand Coal Fired Power Stations

– Need (Reliable) Back-Up for 
(unreliable) Renewable Sources

• CCS?
– Technically Feasible but Unproven
– Could be good for Aberdeen!
– It’s only a Stop-Gap

• It’s up to you folks!



What Can You Do Today & Tomorrow?



30 Years From Now?

WE HAD
ENERGY

Questions?Questions?


