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LESS IS MORE:
Energy Security After Oil
An AECB discussion document
Puts forward the ingredients of an energy
future after oil which is more secure and
affordable than official policy.
The technologies needed empirically work, have been demonstrated and are
not dependent on speculative breakthroughs in electricity storage or “smart
grids”.

Especially fitting for the UK to take such an initiative. It was the first country
to industrialise and has contributed disproportionately to CO2 emissions.
What might such a future look like in a small rather rural county on the
western edge of England?
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The Scale of
the Energy
Problem

International Greenhouse Gas
Very demanding indeed if UK aims
Reduction Targets for contraction and convergence.
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NOTE: The per capita target for 2050 is based upon
the current target of a 80% reduction, corrrected for
expected worldwide population growth from 6.6 to 9.2
billion.
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The Energy Problem
• Energy is the lifeblood of industrial society. Cheap fossil fuels have
brought a better life to billions of people over the last 50-100 years.
• Most future sources of energy supply cost much more to produce
than fossil fuels.
• UK production of coal, oil and natural gas peaked ten to 100 years
ago and continues to fall.
• The UK’s balance of payments deficit limits its ability to afford fuel
imports.
• With the rising cost of energy supply, energy costs per unit of GDP
could rise by an order of magnitude, with adverse economic
consequences; e.g., stagnation or depression.
NOTE: The world price of energy is weakly related to the cost of extracting, refining and
transporting fossil fuels. It mostly reflects a combination of high demand and limited supplies.

Present UK Energy Consumption
Excluding energy storage and distribution losses
One tank/year of oil ~560 x
500 x 500 m high. Plus oil
wells or platforms plus
refineries, say 40 offshore
oil platforms.

PV array 120x150 km.

Offshore wind farm 270 x 300 km.
Larger with shipping lanes included.

The High Cost of
Future Energy Supply
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NOTE: Preliminary analysis using published data.
Refers to a 15% wind system. A 50% or 100%
wind system would cost more. In most cases
examined, “negawatts” look consistently cheaper.

Capital Intensity, Energy "Supply" Systems
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Peak Oil as Forecast in 1956

SOURCE: M King Hubbert, chart as published on Wikipedia.

UK Peak Coal, Oil and Natural Gas
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Summary of Policy
“Electricity Decarbonisation”
•Sources to include wind, nuclear, coal with CCS, natural gas-fired plant
for periods with no wind. Novel methods are developed to keep the
network stable, a so-called “smart grid”.
•The national grid is increased in capacity by up to six-fold, needing
more and larger transmission towers.

•Electric cars, vans and lorries replace petrol and diesel ones. Large
cost reductions occur in batteries and increases in range.
•Electric heating, including heat pumps, replaces natural gas, oil and
coal in buildings and industry.
•Cost unpublished but projected spending = £250 billion from 2011 to
2020 on the national grid, large power stations, subsidies for electric
heat pumps, the feed-in tariff, etc.

Policy Concerns
•The high capital intensity of electricity supply, compared to the supply
of energy as liquid or gaseous fuels or even as hot water. Risk of
diverting scarce resources from wealth creation to the overheads of
the energy supply system.
•Costs and difficulty in storing electricity versus energy storage as
liquid or gaseous fuels or hot water.
•The high cost and low range (175 km) of electric road vehicles. Range
of the Nissan Leaf is similar to that of elec. cars in ~1900!
•The peaks in winter demand if space heating changes from gas, oil
and solid fuel to electricity. Would they be manageable without power
cuts, or would all buildings need two heating systems?
•Higher short- and medium-term GHG emissions. Electric cars using
today’s power stations system emit more CO2 than equally energyefficient diesel or petrol cars. Electric heat pumps operating in winter
emit more CO2 than gas or LPG-fired condensing boilers.

Great Britain, Hour-to-Hour Rate of Electricity
Consumption, 2005-06.

SOURCE: National Grid PLC. Black = maximum winter weekday, blue = typical winter, green =
typical summer, red = minimum summer weekend, etc.

NOTE: Unlike fuel and heat, electricity cannot be stored in more than minor
amounts. It must be generated exactly when it is needed.

UK Energy Supply and Use 2009

The three largest energy flows in the UK economy:
1. Oil for transport; 2. Natural gas for heating; 3. Power station cooling water.

UK Domestic Energy Use, 2009
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A Modified
UK Policy?

Potential Ways Forward
• Lavish investment in energy efficiency wherever it costs less than new energy
supply. This could keep energy bills in £ per year affordable, despite a rise in
energy supply costs in pence per kWh.
• Sequester CO2 via changed farming/forestry practices and pre-combustion
sequestration; e.g., anaerobic digesters. Technically appears more
straightforward than post-combustion “CCS”.
• Minimise electricity consumption so that it can mainly be supplied by
despatchable sources; e.g. tidal, hydro, biomethane and geothermal CHP.
• Convert wind energy surpluses which would de-stabilise the national grid to
synthetic fuel or hot water for heat networks, maintaining security of supply.
Both these forms of energy are storable for months or years.
• Renewable energy sources which are affordable replacements for fossil fuels.
Examples: passive solar, daylighting, large-scale solar district heating,
geothermal heat and electricity, much hydro, biomethane from large
anaerobic digestion plants, tidal lagoons.

Greater Energy
Efficiency
in Space & Water
Heating

Greater Energy Efficiency in Heating
Reduce the quantity of energy consumed; e.g. insulate the walls,
improve the windows and draughtproof a building to reduce its heat loss.
May reduce heat consumption and CO2 emissions by 80%, even 98%. But
beware of the “rebound effect”. If comfort becomes cheaper, people
want more of it.
Reduce the quality of energy consumed; e.g., replace a gas-fired heatonly boiler or electric heating by waste heat from gas CHP or a heat
pump. May reduce consumption of high-grade energy and CO2 emissions
by 80% or even 95%. Sometimes a “rebound effect” too.
The combination. Can in theory reduce consumption of high-grade
energy and CO2 emissions by 99%. But “merely” 90-95% would be very
acceptable!
Other impacts. Try to reduce other air pollution when replacing one
heating system by another.

Lower Heat
Consumption

Good and best practice reduces emissions
95-97% versus “worst practice” and 7088% vs. “2000s average practice”.
Sources:
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Lower-CO2
Heat

Good practice reduces emissions 75-90%. Until power
generation is non-fossil; e.g., maybe in 2040, electric heat
pumps do not give dramatically lower emissions than gasor oil-fired condensing boilers.

Cleaner Heat
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UK air quality consistently breaches EU law.
It is undesirable to make matters worse.

HEATING SYSTEM
PARTICULATE EMISSIONS
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More Efficient Use of Electricity
• Reduce the quantity of electricity consumed for lighting; e.g., by
good-quality LEDs, T5 tubes, reflector luminaires, better controls,
more use of daylighting.
• Reduce the quantity of electricity consumed for domestic and office
electrical equipment, by replacing existing stock by A++ models, etc.
• Use energy-efficient motors, pumps, fans and controls in HVAC
systems to reduce the quantity of electricity consumed.
• Savings quite often as high as 75-90%.
• Much higher returns on capital than most retrofit insulation.
Cheaper to save electricity than even to operate most offshore wind
farms.

Fluorescent Lighting Efficiency

Energy-Efficient ‘Cold’ Appliances
Below left - energy-efficient 259 litre larder refrigerator, USA, 76 kWh/yr. Plus optional external
condenser. Old UK models about 500 kWh/yr. Saves 85%. Below right - A++ 195 litre chest
freezer, Europe, 113 kWh/yr. Old UK models about 700-850 kWh/yr. Saves 84-87%.
Typical cost of saved electricity to go from so-called “good practice” to above levels = 2 p per
kWh.
Results of US test at 32oC and 21oC are interpolated linearly to calculate consumption in a CEN test at 25 oC.
Pictures courtesy www.liebherr.com and www.sunfrost.com

Domestic Electricity Bills
With and without major energy efficiency investment
800

Figures 2 and 3 are for
a dwelling with more
appliances than today.
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Important
Technologies
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CHP and/or District Heating
Top right - typical PEX twin pipe for low-density areas

Bottom left - street in the city of Aarhus, Denmark
Bottom right - typical Danish connection to piped heat
for detached houses.
Pictures: www.pipesystems.com Google earth.
www.danskfjernvarme.dk

Large-Scale
Solar, Denmark
• Town of Marstal.
• 4,600 people, 2,100 homes.
• Will soon have 33,000 m2 of
solar collectors connected to the
heat network.
• Where sheep may safely graze.
Pictures from Marstal Fjernwärme AMBA.

Cost of Solar Heat
Versus System Size

http://dbdh.dk/images/uploads/pdfbladet/E
U%20aim%20at%20great%20expansion
%20of%20largescale%20solar%20thermal%20plants.pdf

Heat
production
cost falls
from 17 to
1.6 pence
per kWh as
system size
rises from
50 to
20,000 m2.

Electric Heat Pumps
Ground source heat pump under construction in rural Wales.

Picture courtesy
of John Cantor
Heat Pumps Ltd.

Geothermal Heat

Well being drilled in central
Newcastle-upon-Tyne, 2011.
Picture courtesy of BBC.

Small Hydropower, Germany
A run-of-river plant on the River Neckar at Kiebingen. Germany produces 21

TWh/yr of hydropower. It may set a model for what the UK could achieve with
greater investment. Water power comprises 23% of renewable electricity.
Picture courtesy of Energie Baden-Württemburg AG.
http://www.erneuerbareenergien.de/english/renewable_energy/hydropower/doc/42608.php

Hydropower, the Netherlands
A 12 MW(e) low-head, run-of-river plant at Linne on the River Meuse, built in
1990. The very flat Netherlands has 37 MW of hydropower capacity. This is
more than England has!
Picture courtesy of www.microhydro.net.

Tidal Power, France
The 240 MW(e) barrage at La Rance, Brittany, built in 1966. Still working fine.

The Channel Islands, northern France and the southern/western UK have over
half of Europe’s tidal energy potential. But it is likely that future construction
would be tidal lagoons, which have a lower environmental impact.
Picture courtesy of DECC.

Wind Power, Denmark
Offshore turbines near Copenhagen.
Picture courtesy of Wikipedia.

Biomethane
CHP,
Germany
The picture shows a gas
production and storage system,
not the CHP plant. Germany’s
target is an average biomethane
output of 11.5 GW by 2030.

Picture courtesy of:
http://www.farmworldonline.com/gener
al/meggiegermanyblog.asp
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