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Average power consumption, UK: 125 kWh/d/p
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Energy use
versus GDP
- linear scale

Power consumption (kWh/d/p)
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Energy use versus GDP - log scale
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GHG emissions (1CO2/y/p)
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GHG emissions (tCO2/y/p)
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Today's supply of renewables

offshore wind: 0.03
'small hydro: 0.022
large hydro: 0.19
Transport
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We have to electrify almost everything
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Efficiency - for transport

"Baby on board"

x. i

——

80 kWh per 100 person-km (1 person)

How can this consumption be reduced?

6 kWh per 100 person-km average
3 kWh per 100 person-km if full



1.3 KWh per 100 person-km (takes 1 teenaget
[2200 mpg]
at 15 mph




Plants




How much power could Britain get from biofuels?
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How much power could Britain get from biofuels?

Power per unit area

L Sunlight
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Electric cars

21 kWh per 100 km (solo)

equivalent to 125 miles per gallon

g 33 kWh P
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Th!nk OXx

20 kWh per 100 km
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consumption
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Energy consumption (kWh per 100 passenger-km)
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Plug-in hybrids




Transport summary

Can reduce consumption (per distance) from 80 kWh per 100 km
to 25 or 20 or 6 kWh(e) per 100 km

So can reduce consumption from 40 kWh per day per person
to 10 kWh(e) per day per person
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Plants

0.5 W/m2
25% of country
12 kWh/d/p




Increase coefficient of performance - use Heat pumps

ECO CUTE

R:ELITY Wi T .
TANKMAN hitp://www.ecosystem-japan.com/

EcoCute water heater - CoP =4.9!

Power required =| Heat loss , .
of heat-creation

/ Coefhicient of performance



Heating without fossil fuels /_Elem
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Plans for 2050

Electrify everything



Electricity from deserts?

www . stirlingenergy.com
A




140 kWh/d
peak 25 kKW
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Algeria Libya

Yellow: 125 kWh/d/p for 1 billion people; Red: 125 kWh/d/p for 60 million people



HVDC transmission
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Finland - Estonia: \

One pair of cables t
transmit 350 MW




Micro-wind (one per person?)

David Cameron's chimney ->

1.6 kWh/d if wind speed is 6 m/s

2000 pounds for that!
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"We were going to have a wind turbine
but they're not very efficient"

From Private Eye, April 2007
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Wind

v = 6m/s (force 4)
Wind farm 2 W/m? flat ground

UK: 4000 m? per person

Put wind farms on 10% of the
country

- 400 square metres each

Car:
40 kWh/d

...Twice as much windpower as the
whole world:; 20t
50 x Denmark's
7 x Germany's —




Wind fluctuates

Even when added over a whole country
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'Wind is intermittent, so requires fossil-fuel back-up’
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Irish wind power (MW
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Figure 26.2. Total output, in MW,
of all windfarms of the Republic of
[reland, from April 2006 to April
2007 (top), and detail from
January 2007 to April 2007
(middle), and February 2007
(bottom). Peak electricity demand
in Ireland is about 5000 MW, Tts
wind ‘capacity’ in 2007 15 T45 MW,
dispersed in about 60 wind farms.
Data are provided every 15
minutes by www.eirgrid.com.

Scale this up: with 33 GW of capacity, expect slew rate of 3.7 GW per hour
- an unprecedented problem for Britain?

22

Every morning, demand rises at a slew rate of 6.5 GW per hour



Storage - more Dinorwigs
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Figure 20.2. Dinorwig, in the
Snowdonia National Park,
compared with Loch Sloy and
Loch Lomond. The upper maps
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from Ordnance Survey's
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Dinorwig is the home of a 9GWh  Loch Sloy illustrates the sort of location where a 40 GWh storage svys-
storage system, using Marchlyn  tem could be created.

Mawr (615E.620N) and Llyn Peris

(H90E.H98N) as its upper and lower

reservoIrs.,

or smart storage ('net-energy’)

show 10km by 10km areas. In the
lower maps the blue grid is made
of 1km squares. Images produced

www . ordnancesurvey.co.uk/getamap.

permission of Ordnance Survey. (C)



Pumped storage

Kannagawa Power Plant (29 GWh)
www.ieahydro.org

Okinawa Seawater Pumped Storage Power Plant (0.2 GWh)
www.ieahydro.org

Qutput - 30 MW , ,
Electric vehicles - another huge

easily-switch-off-and-on-able load



Energy storage

100000 ~h 100000
e Nygrogen chydrogen fuel cell
2 propane hydrﬂ-geﬁ} fuel cell
Eﬁ 10000 : petrol 10000
% ’ ethanol, coal
: 1000 methanol 1000
= firewood
=
i . ithium ion ar e |
“fi 100 aFHaHHeG Ni-aH{j\liGd 100 lithium lone
o lead acid-
o leadiacid | Svanadium vanadiumd
L 10 : 10 :
supercapacitom supercapacitory
1 pumped storageq 1 pumped storagers
1 10 100 1000 10000100000 0 0.2 0.4 0.6 0.8

Cycles Efficiency



PLANS




Rules

Cover all these forms of energy consumption:

transport, heating and electricity

90% reduction in GHG emissions by 2050

The plan must add up

Energy production = energy consumption



Note...

In this talk | presented one example of a 2050 plan that adds up.
This is just one plan.
There are six more plans in the free book.
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