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A brighter
| future

Running the world
on quilt-free energy
Giant power stores

Smart fridges
The AC/DC debate

Why we are all so gullible
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Water Powered Car Might Be Available by 2009

L s L e —

NewScientist

Forget cars fuelled by alcohol and vegetable olil.
Before long, you might be able to run your car
with nothing more than water in its fuel tank. It

would be the ultimate zero-emissions vehicle. QUANTUM
TWISTER

While water is not at first sight an obvious power NewScientist

source, it has a key virtue: it is an abundant Ny “

source of hydrogen, the element widely touted as 1|]MB|ES

the green fuel of the future. E:é:;ﬁ




“The governor is a

real-life climate

action hero today.”
— Nancy Ryan

Once again, Rosenfeld savs, the message for

Arnold Schwarzenegger refuels a hydrogen- California on saving energy is simple: every
powered car (top). His vision is to see vehicles little bit helps. |
like this replace the polluting models on the road. Charles Petitis a freelance writer in California.

2005 Nature Publishing Group

Every little helps?



Every little helps

If everyone does a little,
you'll get a little

or perhaps worse...



Solar bra brings
conservation closer to the

heart :
Wed May 14, 2008 8:53pm IST gual‘d_laneco

“Home | Mew | Women's Fashion | Men's Fashion | Kids | Accessaries | Garden | Outdoor | Eco home | Cleaning | Health | Body | Office | Fun |

Eco Money Savers : HY-Mini - Personal Portable Wind Power

£39.95
Quantity; Il ADD TO CART

17056 HY-Mini - Personal Portable Wind Power

Attach this innovative portable and personal wind turbine to your arm, bike bars, or
windowsill, and it will capture wind energy, transforming it into usable power for your
mabile devices. This brilliantly clever recharger is perfect for travel and cycling
holidays! With a built-in turbine, it's chargable by kinetic energy (requires minimum
wind speed 9mph), butyou can also charge it using an ordinary sockeat.

CLU=TTTETTIURY
charge

. Milaae Wt alm

»Maore Video. ..

Flug in, charge up, and it hecomes a power storage unit. HY-Mini is universally
adaptahle for your mohile devices. An AC/DC power adaptor for 3-pin wall plugs,
LISE transfer cable and mobile phone (Mokia / Motorola ! Sony Ericsson /Samsung f
LG) adaptors are included. MP3 player, iPod, PDA, digital camera, and other &V
handheld devices can be charged with original manufacturer UISBE or aftermarket
LISB cahles.

anytime soon, said Triun
Masuda, as "people usuz
wearing clothes over it."

Order an Armband Kit (17958) or Bicyele Kit (17957 to attach the charger for power
on-the-move.



June 2007

Unplug

If every London household unplugged their mobile phone chargers when
not in use, we coulld save 31,000 tonnes of CO: and £7.75m per year.

fﬂndnn-gﬂf.ukf d iy

'It every London household unplugged their mobile phone chargers when notin use,
we could save 31,000 tonnes of CO2 and 7.75m per year.'



Numbers

Energy saved by Energy used by

driving an average car for
one second

switching off for one day

0.OW x 8 400s = 40000W x 1 s

0.01 kWh



Average power consumption, UK: 125 kWh/d/p

Other Saolid fuesls
Electricity 1'%  1¥%%
1814%

FPetroleum
Gas 43159%
35%

2004

Industry
21%

Comestic

30%:%

Other final
Transport USEers
3535% 13%

www.dti.gov.uk

Transpu:u rt
35%

Hot air

26%

'primary consumption’

125 kWh/day (Europe)
250 kWh/day (USA)

(doesn't include imports,
nor solar energy in food)
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Hot water
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UK: 4000 m? per person




Today's supply of renewables and nuclear

Transport
3R%

Heot air

26%

Hot water
b
T_ightinrg.
appliances G

Process
1095

(Mther
15%

magnified = 10K

all renewables
it 2006
1.05 kKWh,/d

nuclear (2006):
34EkWh/d

offshore wind: 0.03 kWh,/d

Csmall hydro: 0,022 kWh/d

large hydro: 0.19 kWh,/d

biodiesel: 0.13kWh/d

biomass (wood in homes): 0007 kKWh/d

biotmass (cofiring): 0.12 kWh,/d

biormass (landfill gas,
sewage, waste
incineration): 0.3 kWh/d

solar HW: 00014 kWh,/d
solar PV 000003 kWh/d

wind: 0,16 kWh,/d



Wind

Current : ¥ o o .
conmumstion v = 6m/s (force 4)
Wind farm 2 W/ m? flat oround
UK: 4000 m? per person
Put wind farms on 10% of the
Curren
CDl'IE-'I.I]']'LFrﬁtDl'L: EU U ntry
125kWh/d
FE[’F‘EI’ED['[

- 400 square metres each

...Twice as much windpower as the
znﬁirdﬁ;d whole world;

50 x Denmark's
7 x Germany's —




Renewables are diffuse

POWER PER UNIT LAND AREA

Wind 2 W/m?
Offshore wind 3 W/m?
Tidal pools 3 W/m?
Tidal stream S W/m?
Solar PV panels 520 W/m?
Plants (_)\"t/m2
Solar chimney (Spain) ).1 W/m?
Concentrating solar power (desert) 15 2( ) W/m?*
Ocean thermal 5 W/m?
Rain-water (highlands) 0.24 W/m?
Rain-water (lowlands) 0.02 W/m?

To make a difference, renewable facilities have to be country-sized
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writing or by the eohject button on
the wehsite.

Important

During the last week of January
and first week of February 2007,
the Planning Department has
acknowledged email ohjections
received wvia the website since
February 2006. The email address
given to PEFPA's consultant setting
up the eohject site by a Planning
COfficial was incorrect. Fortunately a
backup file has been obtained but if
you have not received an
acknowledgement by February Bth
2007, please resubmit. A new
email address has heen provided
and 1s operational. If you had
already received an
acknowledgement previously for
ohjections submitted wvia letter /
postcard, another
acknowledoement would not  be K

A consultation exercise In full swing



after the great British consultation exercise...

Current
consumption:
125 kWh/d
pet persomn

- Tide: 3 kWhid

" Offshore: 4 kWhid
 «— Hydro: 0.3 kWhid
«+— Biomass: 4 KkWhi/d
|+— Solar PV 2 kWhid
= Solar HW: 2 kWhid
I Wind: 3kWhid



Conclusions - from lecture |

A country like Britain
can't live on
its own renewables
- at least,
not as we currently live

To make a difference,
renewables have to be
country-sized

Current
constumnption:
125 kWh/d
per person

I
—

- Tide: 3 kKWhid

e Offshore: 4 kWhid
«— Hydro: 0.3 kWhid
«+— Biomass: 4 kWh/d
«— Solar PV 2 kWhid
= Solar HW: 2kWhid
= Wind: 3kWh/d



How to make an energy plan that adds up

Demand-side Supply-side
Reduce population 'Clean coal’
Change lifestyle Nuclear power
Technology, efficiency Use other countries' renewables
mn(;::;?:itun:
125 kWh/d
pet person

- Tide: 3 kWhid

- Offshore: 4 kKWh/d
| «— Hydro: 0.3 kWh/d
«— Bilomass : 4 kWhid

|=— Solar PV: 2 kWh/d
= Solar HW: 2 kWhid
I Wind: 3kWh/d



Energy use 400
versus GDP Bahrebr
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GHG emissions (tCO, /y per person)
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Cartoon Britain, 2008

current

consump tion

Energy
inputs:
125 kWh/d

losses in
CONVEersion
to elecn'in.:it}'

Electrical
things:
18 kWhid

Heating:
40 kWhid

Transport:
40 kWhid




How to make an energy plan that adds up

Demand-side Supply-side
Reduce population 'Clean coal’
Change lifestyle Nuclear power
Technology, efficiency Use other countries' renewables
mn(;::;?:itun:
125 kWh/d
pet person

- Tide: 3 kWhid

- Offshore: 4 kKWh/d
| «— Hydro: 0.3 kWh/d
«— Bilomass : 4 kWhid

|=— Solar PV: 2 kWh/d
= Solar HW: 2 kWhid
I Wind: 3kWh/d



A Mitsubishi Warrior, yesterday



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




Electric cars

21 kWh per 100 km (solo)

equivalent to 125 miles per gallon

g 33 kWh P
per 100 km .

8
? X
— A%
£ ° w7
= 5 aptera.com
2
T 4
o
3 6 kWh per 100 km
2
1
0

14 16 18 20 22 24 26 28 30
distance (miles)



Th!nk OXx

20 kWh per 100 km
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Electric scooters

3 kWh per 100 km
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Energy consumption (kWh per 100 passenger-km)

(33 p-mpg) —gp = .Car (1)
70 — . Hovercraft
Hydrogen fuel-cell car (Honda)
60— Cessna 310 (6 pasaengers}#
50 —
Boeing 747 (full)
40 — ¥
Turb ¥
S(Catamaran urboprop
o
(100 p-mpg) Buﬁﬁf’ #H
B
= {0 Cﬁ‘i Ty -
20 — $5 07 (T (o € N
SO IR S s
& ¢ )

(200 p-mpg) ﬁ; “‘:}5 :0 09&@%&;?5 @‘*@ 2&@5} eﬁﬁﬁ

10 o A0 e & QLW
(400 p-mp g] O f‘iﬂ‘jﬁ%% X S o CGT'- (;;@cﬁxi @%{*

9
‘ﬁéall‘{ eCycle o ? A i A .
[ | | I Y
20 50 100 150 200 370 - 780 900

Speed (km/h)






Plug-in hybrids

25 kWh per 100 km

(running on electric power alone)



Electrifying transport makes it more efficient

current
COMS mptin I

Energy

inputs: Heating;
125 kWh/d 40 kWhid

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

Transport:
40 kWhid




Efficiency Il

Heating

Heat loss |= Leakiness X Average temperature difference

(kWh/d) (kWh/d/°C) (°C)

Power required = | Heat loss

/ Coeflicient of performance

of heat-creation



Temperature demand, in degree-days per yea

Turn the thermostat down

heating

Leakiness  x Average temperature difference

(kWh/d/°C) (°C)

. K i
N UL o
]

o 1
| . N PI ||I'“ r-l'.lﬁ.,h: I

1 JY e

h_*‘ﬁh‘ﬂcuuling

Jan Feb Mar Apr May Jun Jul Auz Sep Oct Mow Dec

thermostat setting
51 degree-days of cooling

l\.':"l. i..lh | 1 |

Average temperature difference

2188 degree—-days of heating

heating
Jan Feb Mar Apr May Jun Jul Aug DSep UOct Mow Dec
2265 degree-days of heating
Jan Feb Mar Apr May Jun Jul Auz Sep Oct Mow Dec
h___q‘_-FD?llﬂg-

thermostat setting

1748 degree-days of heating

T = = Fel= b= T hd =1 T T 1 AT = = 11—+ AT N«=-—



13C is fine (just turn it up when you feel cold)

AlertHe Accesszory Temperature Data
""ﬁl'._,-"' front doorbell (Butl -"ﬂl'.,-"' backdoor (Dol tank room (Doprl hall (Dopl

For- Dauid Mackad?s Home
f'ﬁ".,-"' living vroom fFront (Houl "'ﬁ".,-"' kitchern (Howl swvall bedroom (Alal front bedroom (Alal

2404

21C+

18C+

150+

120+

Termper-ature

3Gt

0G-1— t } } t
25-0ct 2E-0ct 27-0ct 28-0ct




Temperature demand, in degree-days per yea

Turn the thermostat down

Leakiness X Average temperature difference

(kWh/d/°C) (°C)

. K
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1 JY e
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Leakiness: 8kWh/d/°C

51 degree-days of cooling
ok i i..lh A W

Average temperature difference

2188 degree—-days of heating

heating
Jan Feb Mar Apr May Jun Jul Aug DSep UOct Mow Dec
2265 degree-days of heating
Jan Feb Mar Apr May Jun Jul Auz Sep Oct Mow Dec
h___q‘_-FD?llﬂg-

thermostat setting

1748 degree-days of heating

T = = Fel= b= T hd =1 T T 1 AT = = 11—+ AT N«=-—
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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

5 electricity

Heat pumps, powered by electricity

Ground-source heat pumps

Air-source heat pumps

=

: : .,

4 times more efficient than ordinary electric heating

=

hizat ump

heat from ait

heat exchanger

electricity
=

—

heat pump

heat from ai1‘|

e . a e
RN

IIIIII'I%




Building regulations

Maximum
T-values
(W ;’mﬂ JK)

Walls

Roofs

Floors

Windeows, doors

0.5

0.0

0.5

0.0

0.5

1.0

0.0

England and Wales

1985

0.45

1991

0.45

3.0

2002

0.35

0.16-0.25

2022

Sweden

0.1-0.2

0.1-0.2



Combined heat and power?

4

#Iaie a‘l‘ecm{ l>]‘|ad5ne) E%fie

'Microgeneration', 'Decentralization’



e Wind turbine
M

Phatovoltaic Solar panels

calls

Double glazing

Insulation

S0OURCE: Energy Saving Trust

100 b Can we do better than
etter

Condensing boiler (A)

Heat
efficiency
(%a)

I Combined Heat and Power?
- Heat pumps

bottor

% we o
0 10 20 30 40 50 6l
Electrical efficiency (%)



e Wind turbine

Photovoltaic ] Solar panels
calls ]
g : //\ ;
Double glazing | J Di
—Insulation

e ———

b

! !

Tl
3 &

= -

=

SOURCE: Energy Saving Trust

Can we do better than

>, 100
r— - Condensing boiler " I
= _% © better .
T £ | Combined Heat and Power?
v &0 Starrdard boiler
iy
& - Heat pumps
Back pressure steam turbyj £
G
Pass out condensing steam turbin
CT owartsili
40 RNimbus
Combined cycle a5
20 F
c .
"~ worse . m.{:’#
) R of”
. 's)
0 10 20 30 740 50 60
Electrical efficiency (%)
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About Daikin

DA IKIN

A world .Leader in Air Conditioning Technology

Technology

Products

m home = products = Domestic = Single Split Systems = Reverse Cycle = FTXS25E

Single Splt Systems

- Reverse Cycle
Cool Only
Multi Split Systems
Ducted Systems
i-text

Commerical

Air Purifiers

Accessories & Options »

Dealer Search

| FTXS25E

A Daikin Splt System will @ir condition one room or an area of your home. Discreet wall-mourted models,

compact floor consoles and versatile floor and ceiling units are all part of the Daikin range.

Create perfect conditions all vear round with Daikin reverse cycle splt system air conditioners.

Features Specifications Controllers || Downloads

Overview
k Incdoor Unit
_ ncloor Lin
: Unit Outcloor Unit
) Coal (KW
Rated Capacity Heat (KWW)
k
) Coal (KW
Capacity Range Heat (KWW)
) Cool (Ifs)
Indoor Air Flow Heat (I/s)

Indoor Fan Speeds

C.0.P

Front Panel Colour

Power Supply

FTXS25EVMA
RXS25EAVMA

2.5
34

1.2-3.0
1.2-4.5

145
157

b steps, quiet and automatic

4.17/4.10

White

1 phase, 220-240V, 50Hz
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120

100

\ 30%-efficient electricity,
\ | S0%-efficient heat

hitp://www.ecosystem-japan.com/

EcoCute water heater - CoP =4 .9!

50 6l
Electrical efficiency (%)



Read your meters!

Gas

condensing boller installed
Bl

lower thermostat

clazing

1kl )

A0k o
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Q9 X000 01 0F 03

Electricity
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i

[

gz 99 X000 0l OF 03 04 0% 0 07




Read your meters!

gas used (1000 kWh)
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Efficiency in the offing

Electricity
120
g 100 i
5
= 80 == —
= i 7TOW
2 — A
S 60 45W saved
O =
@ : | 45 pounds
% 40 vampires on T perpyear
a e \
— — 25W
20 —_ S
vampires off
0
S M T Wed Th Fri
Mo MO 48 THE 20 T g5 1Y 400 T a4

time (hours)



Efficiency and technology

®

aptera.com

Jevons' paradox

"as technological improvements increase the efficiency with which a resource is used, total
consumption of that resource may increase, rather than decrease."

For example, from 1900 to 2000, passenger transportation in the USA became 5 times more
energy-efficient; but nowadays, the average person travels 50 times further.



orld Business Conci for DEDICATED TO MAKING A DIFFERENCE
Sustainable Development

"A reduction in growth is not an
acceptable path to a lower-carbon
world."

"the truth is no country is
going to cut its growth or
consumption substantially in
light of a long-term

environmental problem"”
Sept 15 2005



How to make an energy plan that adds up

Demand-side Supply-side
Reduce population 'Clean coal’
Change lifestyle Nuclear power
Technology, efficiency Use other countries' renewables
mniz;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

| Offshore: 4 KWhid
| a— Hydro: 0.3 kWh/d
«— Biomass: 4 kWh/d
|+— Solar PV: 2 kWh/d
I+ Solar HW: 2kWhid
* Wind: 3kWh/d



'Sustainable fossil fuels'

1600 Gt of coal

0 billion people

Carbon capture and storage

- requires 25% of the generated energy
- doubles the cost of building a 1GW power station

—= L
—

CO, separated from natural pﬁ

ca. 2500 meters

Natural gas with 8-9 % CO,

=
_."_’ ;—-'-"'"

L ____~

Coal
6 kWh /d

Sustainable
Fossil Fuels

The Unusual Suspect in the Quest

for Clean and Enduring Energy
— ; rﬁi}?" \ I.;f F .

€0, is injected into the
Utsira-formation




Nuclear Fission ('sustainable’ = 1000 years)

Uranium

Cnce-through

Assuming 27 Mt U
recoverable, . ...

Thorium
Mined
Thorium
Conwventional 4 kWhid
reactor
“Energy
. 24 kWhid

amplifier”
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How to make an energy plan that adds up

Demand-side Supply-side
Reduce population 'Clean coal’
Change lifestyle Nuclear power
Technology, efficiency Use other countries' renewables
mniz;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

| Offshore: 4 KWhid
| a— Hydro: 0.3 kWh/d
«— Biomass: 4 kWh/d
|+— Solar PV: 2 kWh/d
I+ Solar HW: 2kWhid
* Wind: 3kWh/d



area (square km)

1e+08

1e+07

1e+06

100000

10000

1000

>
AN XNG
1 " Russia+ *La merica
xAntarctica Koada-+ , COPE A, .
Au__sﬁaﬁmaxocggﬁﬁ” AUSA e
S Ay, .European Uriion
Kazakhstan™ %, . *India-
Greenland+ Alaskayﬂn.-gphﬁ +“E.?Za 1 *  +Indonesia.-
Mauritania+ + g ¥ 4
+ 4+ +  "+Pakistag
Botswanat  + Ty o
" ‘Japalt”
Western Sahara+ Gabon+  + it dm“gdﬂm
Sulf_l_n'ame+ : o+ _E“gt'%%angladesh
French Guiana+ tland +S}}Uth Korea
L -
. +
+  + Tamwan
T gt +@
ANE
rr’g&
e
Q%
N
A Q
N
+Hong Kong
+Singapore
+ &‘b + ’.'# .
+F +Gaza Strip
10000 100000 1e+06 1e+07 1e+08 1e+09

population




Each blob: 1500 sq km);
44km diameter;
10 GW if 30% solar farm, at 20 W/sq m.

Niger 'Chad 65 blobs: - 16 kWh/d/p x 1Gp




www.stirlingenergy.com

1000 km

Each blob: 1500 sq km;
44km diameter;
10 GW if 30% solar farm, at 20 W/sg m.

65 blobs: - 16 kWh/d/p x 1Gp
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140 kWh/d
peak 25 kKW



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




How to make an energy plan that adds up

Demand-side Supply-side
Reduce population 'Clean coal’
Change lifestyle Nuclear power
Technology, efficiency Use other countries' renewables
mniz;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

| Offshore: 4 KWhid
| a— Hydro: 0.3 kWh/d
«— Biomass: 4 kWh/d
|+— Solar PV: 2 kWh/d
I+ Solar HW: 2kWhid
* Wind: 3kWh/d



Efficiency & technology - for Cartoon-Britain

current
ccmsum]:rtiun
The current situation } o
in Cartoon-Britain e
Electrical
things:
18 kWh/d
(ignhoring embodied
energy Energy
i11[:rut5: Heating;
in imported stuff) R (i
Trans.pa:rrt
40 kWh/d




Efficiency

Improving transport efficiency

Improving heating efficiency

Reducing electricity

Growt
Growt
Growt




Five plans for Cartoon-Britain

current
consumption

Energy
i11[:rut5:
125 kWh/d

o

-~

losses in
COTVersion
to electricity

future consumptiun
consumption breakdowns
Elei:tri-::al Ele-:_:tri-::al Electricity:
things: things: 18 KWh/d
15 kWhid 18 kWhi/d
x'l, efficiency f
! " | Electricity:
12 kWhid
Heating;
40kWh/d Heating: F'Lllmped
At
UL 12 KWhid
Wood: 3 kWhid
* Solar HW: 1 kWh/d
efficiency
i Bicfuel: 2 kWh'd
Transport: 1 l
40 kWhid
Transport: Electricity:
20 kWhid 18 kWh/d

Key ideas

Insulation
Heat pumps

25% of UK

forests, willow, miscanthus

1 sq m per person HW
12% of UK for biofuels

Electric vehicles

50 kWhid is 125 GW



Plan D: 'Diversity’

Clean coal:
16 kWh/d

MNuclear:
16 kWh/d

Hydro: 0,2
Waste: 1.1

Pumped
heat:

12 kWhid

40GW; triple coal imports

40GW - four-fold increase

Solar HW: 1

7500 pelamis, 500km of coastline

Wind: EkW]u’d‘

almost all the world's windmills ("60GW")

on 2% of country and equal area offshore



Plan N: 'NIMBY"

Solat in
deserts:
20kWhid

Clean coal:
16 kWh/d

Nuclear:
10 kWh/d

Tide: 1kWhid

Hyeleo: 0.2 KWh'd
Waste: 1.1KWh/d

heat:
12 kWhid

Wood: 5 kWhid

‘ Putnped ‘

upgrade all current sites

Solar HW: 1kWh/d
Riofuels: 2 KWhic

vt AW idd |

8-fold increase in wind ("15SGW')
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o @



Plan L: 'Libdem’

Solar in
deserts:
16 kWhid

Clean coal:
16 kWhid

Hydro: 0.2
Waste: 11

Pumped
heat:
12 kWhid

Wood: SkWhid
Solar HW: 1

|

| PV 3 |

Wind: 8

No nuclear

E 7500 pelamis, S00km of coastline

almost all the world's windmills ("60GW")

on 2% of country and equal area offshore




Plan G: 'Green'’

deserts: 7

| Solar in

| '._'_::.ﬁ._..'_';__'-.-?-'l',. 5
N g e vy
XS : ""*.-_:'g!':_"ﬂ"““l' i 3

Hyvdeo: L2
Waste: 1.1

Pumped
heat:
12 kWhi/d

we=—wmn  (NO NUClear

Solar HW: 1

[ Piofuels: 2|
| .3 |

Lucﬁess

-l

— anhv;ri{:ht
ratel “Toch Rannoch

5T Loty o

- f o, =a0Ch Katrine
7 @;ﬁi}i %ﬁ-’} 3 x all the world's windmills ('240GW') on 8% of country & equal area offshore
I
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Plan E: 'Economist’

Nuclear:

.’ ‘ 44 kWhid

no coal - CCS more expensive than nuclear
110GW - twice France's nuclear
Tide: 0.7

Hydro: 0.2
Waste: 1.1

Pumped
heat:
12 kWhid

Wood: 5 kWhid
. Solar HW: 1 .
[ Hiohels: |

.gf| Wind: 4 |

Tidal lagoons (providing storage too)

half the world's windmills ('30GW') on 1% of country and equal area offshore

10-fold increase in uranium
15-fold increase in wind



Five plans for Cartoon-Britain

Solari Solar in |
Clean coal: Solar in de::lr t:l deserts: 7
16 kWh/d deserts: - | Tide3r
20 kWh/d B
Hydro: 0.2 Nuclear:
MNuclear: Clean coal: 44 kWhid
16 kWh/d Clean coal: 16 kWh/d Waste: 1.1
16 kWh/d Pumped
| Tiders7 D | e
[ Wave:2 | Nuclear: L Waver 2| 12 kWh/d
Hydro: 0.2 10 kWhid Hydeo: 0.2 Wood: 5 kWhid Tide: 0.7
. Waste: 1.1 Tide: 1kWhid Waste: 1.1 . Solar HW: 1 Hydro: 0.2
Pumped Hydro: 0.2 kWhid Pumped [ BiofuelszZ ] Waste: 1.1
heat: Waste: 1.1kWhid heat: I FV: 3 | '
12 kWh/d | | 12 kWhid Pumped
Pumped heat:
Wood: 5 kWhi/d ‘ heat: ‘ Wood: 5 kWh/d 12 kWhid
_ SolarHW:1 12 kWhi/d Solar HW: 1 RN 1
[ Bicfuels:2 | | Wood:5kWh/d [ Biokels2 | Wind: 32 S
PV:SKWhId | soar pw: 1kwhd [ PVE3 ] - —
Wind: BkWh_-"d| Bicfuels: 2 KWhic ‘ Wind: 8 T |
Diversity NIMBY  Libdem Green  Economist




Current imports of energy

In 2006, the UK imported 28 kWh/d/p of fuel
- 23% of its primary consumption



Plan M

. Solar in
Clean coal: Sl ii’;;f deserts; 7 |
16 kWh/d deserts: . | Tdear
20 KWh/d 16 kWhid
Hydro: 0.2 Nuclear:
MNuclear: Clean coal: 44 kWhid
16 kKWh/d Clean coal: 16 kWh/d Waste: 1.1
16 kWh/d Pumped
[ Tide37 D | e
[ Wave:2 Nuclear: T WaverZ | 12 kWh/d
Hydro: 0.2 10 kWhid Hydeo: 0.2 Wood: 5 kWhid Tide: 0.7
. Waste: 1.1 Tide: 1kWhid Waste: 1.1 . Solar HW: 1 Hydro: 0.2
Pumped Hydro: 0.2 kWhid Pumped [ BiofuelszZ ] Waste: 1.1
heat: Waste: 1.1 kWhid heat: I V.3 | ! '
12 kWhid : : 12 kWhid Pumped
Pumped heat:
Wmd: 5 de ‘ I.-I.E'Ht: ‘ Wﬂﬂd:ﬁ de 12 ]{Whl’d
. Solar HW: 1 . 12 kWhid Solar HW: 1 RN 1
[ BiofuelsZ | [Wood:5kWhid [ iofels3 | Wind: 32 ot 1
PV:SKWhId | soar pw: 1kwhd [ PVE3 ] - —
Wind: BkWh_-"d| Biofuels: 2 KW/ ‘ Wind: 8 Wndd ]
Diversity NIMBY  Libdem Green  Economist

Solar in
deserts:
16 KWhid

Nuclear:
16 kWh/d

Wave: L3

Hydro: 0.2

Waste: 1.1

Pumped
heat:
12 kWhid

Wood: 5 kWh/d

Solar HW: 1

[ Bintiels 2 |

[ | LT

Wind: 8

"Middle"
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This plan's mix

Solar in
deserts:

16 KWh/d Four Londons' worth
| Clean ceal: 3 |

Use for cofiring biomass with CCS
Muclear:
16 kWh/d

Wave: L3
Hydro: 0.2
Waste: 1.1

40GW - four-fold increase

Pumped
heat:
12 kWhid
Wood: 5 kWhid
Sodar HW: 1

Binhiels: 2 | . .
, o ; ! 25% of UK - forests, willow, miscanthus

1 sq m per person HW
12% of UK for biofuels
Half of all roofs

33-fold increase in wind capacity

Wind: 8

[Jet flights: SkWh/d/p, while oil lasts]

Jack-up barges cost 80M



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



Wind fluctuates

Even when added over a whole country
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Total output (in MW) of all windfarms in Eire, April 2006 - April 2007



'Wind is intermittent, so requires fossil-fuel back-up’

LONDONDERRY
DONEGAL ANTRIM
185 500w 31.00MW 18 26 MW
TYRONE
15 94 MW
FERMANAGH DOWH
41.4uru1wﬁ ARMAGH
EON&GHAN
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3220MW  erTRim
MAYD 20.20MW cavan LoUTH
- 101.50MW  2.55MW
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27.80MW
CLARE
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CARLOW
5 00MW
LIMERICK oy
TIPPERARY WEXFORD
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WATERFORD
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77.30MW CORK

8. S0MW
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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



Dinorwig - 10 GWh energy; 2 GW maximum power




Storage - more Dinorwigs

e L TITEVE L el ]

Figure 20.2. Dinorwig, in the
Snowdonia National Park,
compared with Loch Sloy and
Loch Lomond. The upper maps

by .'.l_l.-'.':l.f:‘ﬂr.':-'.f
-4 Nant Parls

I3

from Ordnance Survey's
Get-a-map service
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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)



Roughly 40 GWh at each hydro facility
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About 420 GWh total (7 kWh per person)



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



30 million electric vehicles

10 million connected, 2 kW each - 20 GW of dynamic demand
30 million cars, 40 kWh each - 1200 GWh

Exchangeable batteries:
30 million batteries, 10 kWh each - 300 GWh

3000 new vehicles for every 3-MW wind turbine




Demand variations

Demand (GW)
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Getting off fossil fuels is not easy, but it is possible

A Plan that adds up must have some or all of:

country-sized renewable facilities

renewables from other people's countries

lots of nuclear power

And efficiency too of course
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'Okay - it's agreed; we announce - "to do
nothing is not an option!" then we wait
and see how things pan out...’




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



Plan 7

A plan with trajectories
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Sustainable Energy —
without the hot air

David JC MacKay

Publication date: December 1, 2008
ISBN: 978-0-9544529-3-3

384 paages. full colour throughout.
| b o
Price (provisional): £24.95

get it free online www.withouthotair.com



Hydrogen C/y

SUSTAINABLE
TRANSPORT
ENERGY

Barcelona *#

Clean Urban Transport for Europe
hydrogen made from fossil fuels:
overall primary energy consumption by the
hydrogen buses was between 80% and 200% greater

than that of the baseline diesel bus.

GHG emissions were between 40% and 140% greater.

BMW Hydrogen 7
254 KWh per 100 km



Transport

Transport
3R%

Hot air Today: 40 kWh/d/p of liquid fuels

26%

Hot water
b
Lighting.
appliances G

Process
1095

(Mther
15%




Plants




How much power could Britain get from biofuels?

Power per unit area

Sunlight
100 W/ m?

carbohydrate

energy
delivered
by plants

0.5W/m?

additional inputs required
for farming and processing

Taking the most
efficient plants

Energy used or lost in

x,f_ farming and processing
—y

net ENergy

Total UK
land area:
4000 m”

Per persoi

X Area

| buildings: 48 m?*

| gardens: 114 m

| roads: 60 m?

| water: 69 m?°

arable land:
2800 m?

half of
arable land:
1400 m~

PEr person




How much power could Britain get from biofuels?

Power per unit area

_— Sunlight

10W/m? = 1400 m?

carbohydrate 17kWh/d

energy

Energy used or lost in

x,f_ farming and processing

delivered
by plants

net ENergy

additional inputs required
for farming and processing

Total UK
land area:
4000 m”

Per persoi

X Area

| buildings: 48 m?*

| gardens: 114 m

| roads: 60 m?

| water: 69 m?°

arable land:
2800 m?

half of
arable land:
1400 m~

PEr person




