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We have an addiction to fossil fuels, and it's not sustainable
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paper of the Year ‘the Year
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MONDAY 24 JANUARY 2003
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@ Climate change: report warns point of no return may be reached in

10 years, leading to droughts, agricultural failure and water shurtages
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Baer & Mastrandrea

Climate scientists recommend reduction
from 5.5t COs per year per person (world average)
to ~ 1t CO4 per year per person by 2050
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‘Do your bit'!
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Generating

a sustainable future

Let the
power of
nature into
your home
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POWERGEN
& camgany of 7T

Switch your
energy to
Powergen’s
(Go Green
tariff and
do your bit
for the

environment

Click here »
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Solar bra brings
conservation closer to the
heart

Wed May 14, 2008 8:53pm IST

Bl Email | & PFrint | < Share | d Sing

guardianeco

Home | New | Waomen's Fashion | Men's Fashion | Kids | Accessories | Garden | Qutdoor | 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.

b

anytime soon, said Triun
Masuda, as "people usue | | | -
wearinad clothes over it." Flug in, charge up, and it hecomes a power storage unit. HY-Mini is universally

d 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
IUSE cables.

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



Something must be done!

Two reasons to joi



A rough guide to sustainable energy

No millions, billions, or trillions
Make quantities comprehensible and comparable

Do calculations per person, to one significant figure

Energy unit: kWh 4 l Examples
' 20 mins of kettle - 1 kWh
-¥ food - 3 kWh / day(*)
Power: kWh per day bath - 5 KWh(*

litre of petrol - 10 kWh
Power per unit area: W per square metre aluminium can - 0.6 kWh

Population density: square metres per person

UK: 4000 m? per person




Drive a car 100km...

80 kWh
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Energy use
versus GDP
- linear scale

Power consumption (kWh/d/p)
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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

Transport
35%

Haot air
26%

Hot water
8%

T_ightlng.

applinnr:es oy

Process
10%%

her
15%

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

(Not including embodied energy in imports
nor solar energy used by agriculture)

For COs pollution, divide by 10:
100 kWh/day ~ 10 tonnes COs/y



Wind

Current
consumption

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

UK: 4000 m? per person

Current

consumption: Put wind farms on 10% of the UK

Fer person

- 400 square metres each

Wind:
20 kWhid

...Twice as much windpower as the
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 8 W/m?
Solar PV panels 520 W/m?
Plants 0.5 W/m?
Solar chimney (Spain) 0.1 W/m?
Concentrating solar power (desert) 1520 W/m?
Ocean thermal 5 W/m? ) Elsam (coam com).
Rain-water (highlands) 0.24 W/m? Used with permission.
Rain-water (lowlands) 0.02 W/m?

To make a difference, renewable facilities have to be country-sized






All renewables are diffuse

POWER PER UNIT LAND AREA

Wind 2 W/ 111
Offshore wind 3 W/m?
Tidal pools 3 W/m
Tidal stream 8 W/m
Solar PV panels 3 2 ) W/ 111
Plants ).5 W/m?
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
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marineturbines.com

To make a difference, renewable facilities have to be country-sized



www .powerlight.com
-P]-...." g_. ‘——- B

- B W g e

F

. ) . . S ;o
Bavaria Solar Park: 5 W/m<; this picture shows 0.7 MW (average)




All renewables are diffuse

POWER PER UNIT L,
Wind
Oftshore wind
Tidal pools
Tidal stream
Solar PV panels
Plants
Solar chimney (Spain)
Concentrating solar power (de
Ocean thermal
Rain-water (highlands) 0.24 W/m?
Rain-water (lowlands) 0.02 W/m?

TAY

i

To make a difference, renewable facilities have to be country-sizea



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 a‘\\/m2
Solar chimney (Spain) ).1 W/m?
Concentrating solar power (desert) 15 2 0 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



HOME ABOUT  ADVICE BIRDS & WILDLIFE  JOIN OURWORK  RESERVES SUPPORTUS  SHOP  THINGSTO DO
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far birds
far people
far ever

News
News Home > Hews > Details -~ PRINT
Enagland -

No green light for Severn barrage
Morthern Ireland
Scatland Last modified: 01 October 2007
Wales Europe's most dynamic estuary will be destroyed by the

construction of a barrage across the Severn while other
less strilting measures would cost less and could do more
RSS feads to cut carbon emissions.

International

"other less striking measures"?

To make a difference, renewable facilities
have to be country-sized

Cardiff,
/ Eristal



Nuclear

Fission 1000 W /-




File Edit view Go delicio.us Bookmarks Tools Help [H]

@-5 -8 0 9 f . & ||_| http:jjwww.auchencorth.org.uk/ j @ Go I@. D -

Penicuik Environment Protection Association

-:'_._E‘-' g e : B

| ABOUT | GALLERY | NEWS | LINKS | CONTACT US

ULJ_]I:L-l Lu IV A AU LT 11
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

-~ Dide: 3kWh/d

" Offshore: 4 kWhid
'+~ Hydro: 0.3 kWhid
<+— Biomass: 4 kWh/d
|+— Solar PV 2 kKWhid
[+ Solar HW: 2 kWh/d
* Wind: 3kWhid



Conclusions - part |

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: 3kWh/d

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



Part Il: How to make an energy plan that adds up

Demand-side
Reduce population
Change lifestyle

Technology, efficiency

Current

consumption:

125 kWh/d
per person

Supply-side
'Clean coal’
Nuclear power

Use other countries' renewables

- Tide: 3 kWh/d

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



A Mitsubishi Warrior, yesterday



EFFICIENCY

Cartoon Britain, 2008

current

consump tion

Energy
inputs:
125 kWh/d

-~

-

losses in
conversion
to electricity

Electrical
things:
18 kWhid

Heating;
40 kWh/d

Transpn:n-rt
40 kWh/d




Efficient transport

Have small frontal area per person
Have small weight per person
Convert energy efficiently
Go slowly
Go steadily

& Roberto Neumillerf20% SARHEL



Average UK car uses
80 kWh per 100 person-km (1 person)

How can this consumption be reduced?

g Y

6 KWh per 100 person-km average (electric)
3 kWh per 100 person-km (electric) if full



]

1.3 kWh per 100 person-km (takes 1 teenager
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 Q‘*{""‘

aptera.com

energy (kWh)

6 kKWh per 100 km

RY W & W m ~] m

f—

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






Electric scooters

3 kWh per 100 km



(3 p-mpg)

Energ? consumphon
(kWh /1) p-km}

(33 p-mpgl

(100 petnpr)

{200 p-mpi)
(400 p-mpg]

BOD —

-
Earthrace “eco-boat™ (4 passengers)

a0 =
700 =
650 =
G0 =
550 5
i$ : ']et-slc:l
400 =
350 =
300 = Hydrogen car (BMW)
250 = QE2 . _
%% = = Leatjet (8 I:mssenger;]q}
o= Helicopter
130 —
120 .Dre:m liner
Fange Rover
[ ]
110 —
E'Dfea_n liner (full}
100 —
ﬂ] —
— -L ar{l}
0 — . EH-:ﬁfer-:rat't
Hydrogen fuel-cell car {Honda)
6 Cessna 310 (6 I:naf.a;ewgerﬁf::'
&) — Boeing '.'r'tl?"l
Boeing 747 (full)
40 L
Turboprop:
S atamaran UBOprop
30 - Bus e
s
o asl & _
o © aeﬂ”t}: ,ﬁr_ﬁ-‘*{‘ > 5 @m
LA T = .
" LE DR ot ST
A o i »
1 e e @ 0
1 o gl et o g
B P U tas) O o W
ﬂa‘H‘I o Cycle ) T A R
| | | [ ¥ = y Y
5 100 150 200 70 70 780 a0

Speed {km/h)

Electric car efficiency and range
as a function of battery mass

lead acid -
lithium ion -
&0 L
petrol car (33 mpg)
70
60
= Electric,
£ energy density
13_ 50 40 Whikg
:
-%' 40
=
§ 30
=
o
I_ [
Electric,
20 energy density
120 Whikg
10 gg
‘0, %-'F %
% e
0
0 100 200 300 400 500 600
Range (km)



Energy consumption (KWh per 100 passenger-km)
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EFFICIENCY

Cartoon Britain, 2008

current

consump tion

Energy
inputs:
125 kWh/d

-~

-

losses in
conversion
to electricity

Electrical
things:
18 kWhid

Heating;
40 kWh/d

Transpn:n-rt
40 kWh/d




Efficiency for heating

Reduce temperature difference
Turn the thermostat down

Reduce leakiness
Increase CoP of heat-creation

«— Leakiness: 8 kWh/d/°C

Heat loss |= Leakiness X Average temperature difference

(kWh/d) (k¥Wh/d/°C) (°C)
- T T
/ Coetfhcient of performance

Power required = | Heat loss , .
of heat-creation
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Increase coefficient of performance - use Heat pumps

ECO CUTE

R:FVIITY BidaT— . |
TANKMAN http://www.ecosystem-japan.com/

EcoCute water heater - CoP =4.9!

/ Coefhcient of performance

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




Heating without fossil fuels

. Heat pumps, powered by electricity
Ground-source heat pumps

Air-source heat pumps




How to make an energy plan that adds up

Demand-side
Reduce population
Change lifestyle

Technology, efficiency

Current

consumption:

125 kWh/d
per person

Supply-side
'Clean coal’
Nuclear power

Use other countries' renewables

- Tide: 3 kWh/d

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



www.stirlingenergy.com

Each blob: 1500 sq km;
44km diameter;
10 GW if 50°% solar farm, at 15 W/sgq m.

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




How to get the UK off fossil fuels ﬂ —
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Transport, Heating, Electricity — FSieeg

Electrify all transport

Insulate all buildings; read all meters
Electrify all building-heating
» air-source or ground-source heat pumps

» (not combined heat and power)

Our renewables

Nuclear? (stop-gap?)
'Clean coal'? (stop-gap)
Other people's renewables




One cartoon plan

rurrent

consumphion

Energy
inputs:
125 kWh/d

o

losses in
COonversion
to electricity

future consumption
consumption breakdowns
il | B iy
18 kWhid 18 kWh/d
x'l, efficiency f
1 d Electricity:
12 kWhid
Heating;
40kWh/d Heating: FLllmpEd
At
SlLARLCE 12 KWhid
Wood: 3 kWhid
~ Solar HW: 1 kWh/d
efficiency
Biofuel: 2 kWh'd
4 B
Transport: : |
40 kwWhid
Transport: Electricity:
20 kWhid 18 kWh/d

Key ideas
Insulation
Heat pumps

25% of UK

forests, willow, miscanthus

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

Electric vehicles

50 kWh/d is 125 GW



tidal stream farms ..,
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Solar in
deserts:
16 kWhid

| Clean coal: 3 |

Nuclear:
16 kWhid

Wave: L3
Hydro: 0.2
Waste: 1.1

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

I
I

L]

= ]

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




