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Questions about sustainable energy

Can we live on our own renewables?
What would that look like?

How can we make a sustainable energy plan that adds up?

We need to get off fossil fuels
Numbers, not adjectives

Not easy; but possible
All renewables are diffuse

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

The supply options are:
our renewables
other countries' renewables

nuclear



We have an addiction to fossil fuels, and it's not
sustainable
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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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'Security of supply’
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reenhouse gas emissions (tonnes COq/y per person)
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reenhouse gas emissions (tonnes COq/y per person)
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Something must be done!




'Make a difference’

Make a world of difference
Neutralise your CO2 emissions now

We all contribute to CO2 emissions when we drive.
We can all do something about it.

It's simple and doesn't cost the earth.
On average, it's just £20 a year.

Neutralise your CO2 emissions now =

E R

Reducing C02 emissions s st e Brought to
one car ata time e ; R you by BP



'Do your bit'!
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a sustainable future

Let the
power of
nature into
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Switch your
energy to
Powergen’s
(Go Green
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do your bit
for the

environment
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'Industry have done their bit’
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The car industry has

done its bit by making

greener vehicles. Now 34mpg
we have to buy them, - 219gkm
says Sean O'Grady
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Carbon emissions from cars
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Efficiency through technology

- It burns 12 percent less fuel
per passenger-km than a 747

'a highly fuel-efficient aircraft'



Carbon Trust on Micro-CHP

(combined heat and power) (cogeneration)

"Micro-CHP is an emerging set of technologies with the potential to provide carbon savings in
both commercial and domestic environments."

Figure 50 Annual Micro-CHP and boiler emissions for cluster scenarios
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Solar bra brings
conservation closer to the
heart

Wed May 14, 2008 8:53pm IST

&2 Email | & Print | < Share | a Sing gual‘dianeco

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

r Mare Video. ..

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

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.

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



Nuclear versus Wind
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“if we're going to cut greenhouse gases by 60%
by 2050 there is no other possible way of doing

that except through renewables™.

“anybody who is relying upon renewables to
fill the energy gap is living in an utter dream
world and is, in my view, an enemy of the

people.”

former civil servant, Chief Fress Secretary, Head of the

"We have a fiuge amount of wave and wind’.

‘Nuclear is a money pit’.

Michael Meacher

Sir Bernard Ingham

Ann Leslie

former Environment Minister

hovernment Information Service

journalist

We need numbers, not adjectives



Part I: Numbers, not adjectives

Could a country like Britain

live on Its own renewables?

Part |I: Energy plans that add up




Part |. Numbers, not adjectives

lgnore economic, social, + environmental constraints

CONSUMPTioN ProDUCTION

[ Maximum
Conceivedle
Sustainable
production ]

\ -I{EFTL NG,

MANUFACTURING

| T\pDE

Meoiam
TRANSPORT )

WIND




Choose good units

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

Do calculations per person, to one significant figure

Energy unit: kWh Examples
!_ 20 mins of kettle - 1 kWh

Power unit: kWh per day food - 3 kWh /day(")
bath - 5 kWh(*)

litre of petrol - 10 kWh
Fluxes: W per square metre P

aluminium can - 0.6 kWh

Population density: square metres per person

UK: 4000 m? per person




Cars

Distance travelled per day
Distance per unit of fuel
50 km/day
12 km/litre

40 kWh/day.

Energy used per day

x Energy per unit of fuel

x 10 kWh/litre

2

Car:
40 kWhid
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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 kWhi/d
...Twice as much windpower as the

whole world;

Wind:
20 kWh/d

50 x Denmark's
7 x Germany's —




7600 miles: one round-trip / year:

2 % 240000 litre

4106 passengers

x 10 kWh/litre/year

= 29 kWh/day

Jet flights:
30 kWhid

Car:
40 kWhid

Wind:
20 kWhid




Solar

Solar thermal

Solar water heating

Solar roof
NS
-
TEF 4 Salar pump
i station

Cover every south-facing roof

Jet flights: 9
30 kWhid 10 m* per person:

13kWh/day per person

Solar heating;
13 kWhid
Car: \

40 kWhid

Wind:
20 kWhid




Solar electric (photovoltaics)
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Solar electric

4500
= 4000
> 3500
T 3000
¢ 2500
= 2000
T 1500
> 1000
& 500
L 0

Cover every South-facing roof,
10m? per person: 5kWh/day per person

Jet flights:
30 kWh/d

Car:
40 kWhid

PV, 10 m2/p: 5

Solar heating;
13 kWh/d

Wind:
20kWhid




Solar PV farming

¥

W
&

Bavaria Solar Park: 5 W/m~; this picture shows 0.7 MW (average)



Solar PV (covering 5-10% of the country)

FV fa_ﬁmx
{200m=/p):
Jet flights: LS
I0kKWhid
PV, 10 m?%/p: 5
Solar heating;
13kWhid
Car:
40 kWhid
Wind:
20 kWhid




Solar biomass

Best plants (0.5% efficient)

cover 75% of the country;

1/3 lost in processing.

Jet flights:
30kWh/d

Car:
40 kWhid

Biomass: food,
biofuel, wood,
waste incin’n,
landfill gas:
24 kWhid

PV farm
{200 me/ p):
50 kWhid

[PV, 10m%/p: 5

Sclar 11E:-1ﬁng:
13 kWhi/d

Wind:
20kWh/d




Heating and cooling ——
bicfuel, wood,
| waste incin'n,
landfill gas:
Heating, 24 kWhid
Hot water cooling;
37 kWh/d
Bath: 5 kWh
Shower: 1.4 kWh
PV farm
Clothes wash: 1 kWh (200m?/p):
, . . Jet flights: 50 kWh/d
Cooking, kettle, microwave, dishes e
Hot water:
12 kWhid
PV, 10 m%/p: 5
Solar heating;
, o 13 kWhid
Hot air 40 KWh/d
Wind:
20 kWh/d
Hot aar: :
24 i

Fridge, Airconditioning
Cooling: 1kWhid




Hydro

1.5 KWh/d per person

Hydro: 1.5 kWhid

(currently 0.2 kWh/d per person)
Bicmass: food,
biofuel, wood,
waste incin'n,
landfill gas:
Heating, 24 kWhid
cooling;
37 KWhid
Nant-y-Moch by Dave Newbould
PY farm www.origins-photography.co.uk
{200/ p):
Jet flights: S0 kWh/d
30 kWhid
PV, 10m?/p: 5
Solar heating;
13 kWhid
Car:
40 kWhi/d
Wind:
20 kWhid




Light

10 bulbs
5 hours per day

Hydro: 1.5 kWhid

|[Light: 4kWh/d| | Biomass: food,

biofuel, wood,
waste incin'n,

landfill gas:
Heating, 24 kWhid
cooling;
I7kWhid
PV farm
{200/ p):
Jet flights: 30 kWhid
30 kWhid
[PV, 10m?%/p: 5
Solar heating;
13 kWh/d
Car:
40 kWhid
Wind:

20 kWhid



Offshore wind

Shallow
offshore
wind:
16 kWhid
Light: 4 KWh/d Biomass: food,
bicfuel, wood,
waste incin'n,
landfill gas:
Heating, 24 kWhid
cooling:
37 kWhid
PV farm
(200m?/p):
Jet flights: 50 kWhid
30 kWhid
PV, 10m?%/p: 5
Solar heating;
13 kWhid
Car:
40 kWhid
Wind:
20 kWhid
depth less than 25m (yellow); depth between 25m and 50m (magenta). (c) Elsam (elsam.com).

Data from DT| Atlas of Renewable Marine Resources. Crown copyright. Used with permission.



www. beatricewind. co.uk

Deep offshore wind

depth less than 25m (yellow); depth between 25m and 50m (mag



Deep offshore wind

|£ght: 4 kWhid

Heating,
cooling:
37 KWhi/d

Jet flights:
30 kWh/d

Car:
40 kWhid

Deep
offshore

wind:
32 kKWhid

Shallow
offshore

wind: i
16 kWhid '
I T
Biomass: food,
bicfuel, wood,
waste incin'n,

landfill gas:

24 kWhid

FV farm
(200m?/p):
50 kWh/d

PV, 10 m*/p: 5

Solar heating;
13 kWh/d

Wind:
20kWhid

depth less than 25m (yellow); depth between 25m and 50m (magenta).




Gadgets

TV

Computer
Cable modem
Mobile phones
Bedside radio
Other gadgets

Charger left plugged in:

0.01 kWh/d

Deep
offshore
wind:
32 kWhid

I Cadgets: 5
| Liéht: 4kWhid

Heating,
coonling:
37 kWh/d

Jet flights:
30 kWhid

Car;
40 kWhid

Shallow
offshone
wind:
16 kWhid
[ Hyhe LYRWhE |
Biommass: food,
biofuel, wood,
waste incin'n,
landfill gas:
24 kWhid

PV farm
{200 m%/p);
50 kWhid

PV, 10 m*/p: 5

Solar heating;
13 kWhid

Wind:
20 kWhid
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Wa ve [Wave: a kWh/d|

Deep
offshore '500 kW' Limpet, Islay

32 kWhid

lceland

Shallow
offshore

wind: - _
16 kWh/d TP LIV
P Gadgets: 5 ) . — L At K N &ﬂi"!‘.!#l’_ﬂ'ﬂf
Fol 3 Light: akWh/d| | Biomass: food, M
5 biofuel, wood,
oy Nortk waste incin'n,
5 e Sea landfill gas:

Heating, 24 kWh/d Predicted average power: 200kW. Actual: 21kW.
cooling:

“Faeroes
750 km

e S

37 kWhid

550 kl‘n\- 7 - T Total incident power / pgpu]atjgn of UK

omntm: | 40kW/metre x 1000 km
50 kWhid -

Jet flights: 60 x 108

30 kWhid

= 16 kWh/day

PV, 10 m%/p: 5

Solar heating;
13 kWhid

Car:
40 kWhid

Wind:
20 kWhid




Food'n'Farming

s ELY B
o L TURE Mg
1"'-!r':'q': "'"4-'

EASY SPREADING

£

\Y4>50g¢

Ysairep gutt

EABFLAY UTTIL

D 02 SEFP

o

ER57 BEFORE
MR

Food, farming,
fertilizer:
15 kWhid

Gadgets: 5

Light: 4 kWh/d |

[Wave: 4 kWh/d

Deep
offshore
wind:

32 kWhid

Shallow
offshore

wind:
16 KWh/d

EHET LS RYWET

Biomass: food,

et | TaT ST E R AT BT WP TR T S— ;
] I e v e — biofuel, wood,

waste incin'n,
landfill zas:

Heating, 24 kWh/d
cooling;
\ ' 37 kWh/d
NUTRITION'
Typical Values Per100g
" f
Energy kiJ 3080 {E;ﬂ;u:
: S50kWhid
Jet flights:
30 kWhid
M~ 2 kWh/d
e ——T
[PV, 10m%/p: 5
(not including energy for food delivery) Solar heating; ).r ‘ 9 kWh/d
13 kWhid
Car:
40 kWhid
Vegans: 3 kWh/d minimum Wind: w
, , 20 kWh/d 17 kWh,/d
Vegetarians: 4 kWh/d min

Carnivores: 12 kWh/d min
(260 kg of animal preparing to be eaten)



Tide - using tide pools

Sea Tidepool

range

Tidal Power per
range unit area

4m 3 W/m?




Severn barrage and la Rance

Cardiff,

\ Weston—super—Mare

! ' 20 km
20 km

Brista)

Baint—Malo

La Rance (60 MW): 2.7 W/m“



Tide - using tide pools

Sea Tidepool

range

Tidal Power per
range unit area

4m 3 W/m?

Atlantic ocean North Sea
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Total incoming power in 'tidal waves’

S N L S ~300 kW per metre
: Total: 250 GW
(100 kWh/d per person)

“Faeroes

6,
OGM/A

North
Sea

_ $Blackpool
’ *The Wash

- *Severn Estuary




Tidal stream power

Open Hydro

marineturbines.com

1kWh/d/person
(DTl figure)




T
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Tide farms

Tidal lagoons

¢,

Food, farming,
fertilizer
15 kWh/d

Gadgets: 5

Light: 4 kWh/d |

Heating,
cooling;
37 kWh/d

Jet flights:
30 kKkWh/d

Car:
40 kWhid

Tide:
11 kWhid

[Wave: 4 kWh/d

Deep
offshore

wind:
32 kKWh/d

Shallow
offshore
wind:

16 kWhid
Fye 1% R
Biomass: food,
bicfuel, wood,
waste incin'n,
landfill gas:
24 kWhid

PV farm
(200m?/p):
50 kWhid

[PV, 10 m%/p: 5

Solar heating;
13 kWhid

Wind:
20 kWhid

Bridgwate'r' -

and barrages
0.8 kWh/d per person



Stuff

Newspapers,
junk mail,
magazines:

One new computer every 2 years

Chips: 2.5 kWh/d

Aluminium: 3 kWhid

5 cans per day
Stuff made in China: 12 kWh/
Transporting rubbish around

Road freight: 7 kWh/d “

Supermarkets:
0.5 kWh/d

e ]

Photo by lan Boyle

www.simplonpc.co.uk

2kWhid

Il.-.
Transporting
stuff: 12 kWh/d
Tide:
11 kWhid
Wave: 4 kWh/d |
Stuff:
458+ kKWhid Deep
offshore
wind:
32 kWhid
Foed, farming, Shallow
fertilizer: offshore
15 kWh/d wl&:?h .
16
Gadgets: 5 ——E s
Light: 4 kWh/d Biomass: food,
biofuel, wood,
waste incin'n,
landfill zas:
Heating, 24 kWhid
cooling;
37kWhid




Geothermal

| ]l:# lrl'llll- : s 1
Ji fil 3 1':

=
L =
by

Nesjavellir, Iceland

ry v w N R W N E

Average geothermal electricity
generation in lceland in 20086
was 300 MW (24 kWh/d/person)

]—’ 1‘ Th“"l'j

loinie,

PﬂMPﬂMV IIMHFn

o
Soutfiampton

100 km



Transporting
G eOt h e r m a I stutf: 12 kWh/d Geothermal: 1 kWhid ]I .

Tide:

11 kWh/d
Wave: 4 kWh/d |

Stuff:
48+ kWh/d Deep
offshore
wind:
32 kWhi'd
5km
Food, f:-ll‘ll'lil‘lg,. Shallow
fertilizer: offshore
15 kWhid wind:
- 16 kWhid
Gadgets: 5 C fymorEIWRA

Light: akWh/d| | Biomass: food,
bicfuel, wood,
waste incin'n,

cRwWST . landfill gas:
e —— | o SPHERE Heating, 24 kWhid
__Mﬁ’”_”: E = cooling;
Y7, f =— 37 kWhid
U
PV farm ' '
= C0m2p): Hot dry rock
¥ Temperature 50 kWhid
- Jet flights:
crust 30 kWhid
10 km
500-600C
PV, 10 m?/p: 5
. L400C Solar heating;
100-200 km 13kWhid
Car:
40 kWhid
Wind:

Depth ¥ el




Transportin
. stuff: -15 k;vhg'rd Ceothermal: 1 kWh/d
Still to come F e |
11 kWhid
on the red stack: ——
- Industry, stu.
. . 48+ kKWhid DEEF
- road building, iy
| | 32 kWh'd
- 'defence’,
I ood, farmin Shallow
- h 0OS p I tal S y e : ?edrtilizer_ B nff?hu:rne It wou Id be
15 kWh/d i
Gadgets: 5 | s s — very
|Light: akWh/d| | Biomass: food, Cn .
biofuel, wood. difficult to live
landfill gas:
Heating 24KWh/d oh our own
cooling;
37 KWh/d renewables
PV fa_ﬁnn
N @00m/p) - at least, as
Jet flights:
30 KWh/d we
currently live
PV, 10 mé/p: 5
L
Car;
40 kWhid
Wind:
20 kWhid . .
www.withouthotair.com




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



SAY NO
TO WIND TURBINES

@ 4
IN BENINGTGH 5 Eeh.fr:ur* Locsals Opposa Turbines .
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1 wmdfarm too far | 1







Save Our Scenery -

Protecting Our Heritage Coastline

BEFORE

AFTER

2 PAY .
o ' FROMLLANDUDNO FROM COLWYN BAY

l_i- - PROMENADE - PROMENADE

ol L]



Home | Contack | Text size: |5/ M|I

Industrial Wind Action Group Search J are springing up on land-based

facts, analysis, exposure of wind energy’s real impacts Subscribe |email address ‘some are even becoming tourist
- proposals for offshore farms are
popular.

About MNews Opinions Library Press

Estate has

News Printer friendly % ible 18
Send to a friend & | 1 the UK
Tag/Bookmark | hough each

o g t;::} ds to gain

Mews Articles

Giant Wind Farm Off English Coast Pits

Ra=tE - Town Against Shell, E.ON
By Topic

L — Graveney was the site of the last combat on English soil when British forces ccepted by
i battled a downed German bomber crew in 1940. Now the village is fighting a new ~ °thers are
By Rating » enemy . the world's biggest wind farm. The local council, acting on behalf of the tink.
town's 473 residents, refused to permit a substation for the $1.5 billion London
n strong Surfers are worried about

Array, which would put 271 wind turbines in the estuary of the River Thames.

Royal Dutch Shell Plc and E.ON AG plan to bring power cables ashore near ms in the

search news Graveney. "They say this is the only place they could put it — that's rubbish, " said  _ 4 o¢f Portstewart, near the
retiree George Schneider, 73, strolling on Saxon Shore Way, a rambling route seway in Northern Ireland.,
across the coastal plain. “"Why use a green-field site when there are other places?"

Job creation

0 schemes tha impact

About MNews Opinions Librar

In Porthcawl in south Wales, a pressure group
called SOS Porthcawl has been set up to
oppose plans for a wind farm four miles out to

News sea,
- - The proposal is for 30 turbines on Scarweather
Wind farm ‘a threat to our airport’ Sands, each 453 feet high.
S -
. . : . : It could id h f th
" b Southend Airport has raised serious objections to plans to build a new 40':;;0 hzﬁ:'s = BNOUAN EnErgy Tor more than
wind farm - even though the turbines would be nearly 15 miles to then
1= experts say a wind farm next to the defunct nuclear power station, at Br The production of the turbines could also
- air traffic control issues and might even interfere with radar. Airport maj S¢3te 130 Jobs - they are made in Wales at
Bangor and more could be produced at Port

Alistair Welch raised the concerns at a public inquiry which is being helc Talbot.

June 22, 2007 in Echo Tourism

But SOS Porthcawl says the turbines will be
Southend Airport has raised serious objections to plans to build a new wind farm - even ngisy and visible from beauty spots, which

would be nearly 15 miles to the north. would deter tourists.



Protesters target wind farm plans

Flans of how the wind fa.t' will ool are on pla}r

Porthcawlis a popular spot for surfers

Local people opposing plans to build one of the UK's big
south Wales coast met on Friday. Residents in Porthea
to highlight their opposition to the proposed 30-turbine
Sands. News Front Page

World

UK
SOS Porthcawl was set up by campalgners in the town v England

say the wind farm will adversely affect the holiday resor ,shern rreland
which attracts surfers and tourists from all over the UK

demonstration coincides with a public consultation into SE:L:::
project by developers United Utilities Green Energy. Business
Four-times British surf champion, Simon Tucker said the Politics
was a lot of feeling against the proposals within the tow Health
"This demonstration is to ask the developers not to desi Education

the very environment they claim they are trying to prote g ..ce/nature
he sald. Mr Tucker said the turbines, which are taller t
the Statue of Liberty in New York, will destroy the pano
views and also have an impact on the sea.

Technology
Entertainment

Also in the news

"The turbines will change the shape of the sandbanks a
the waves," he said. "If the waves are changed and peor
sport because of the turbines then the town is going to
company behind the £100m scheme say the turbines, w]
sea level, will generate enough power for 86,000 homes
The site, which 1s to the west of Porthcawl, 1s approxims
the nearest household.

Video and Audio

Have Your Say
Magazine

In Pictures
Country Profiles
Special Reports

RELATED BBC SITES

[=dsTalrs

Project - Is This A New Klondyke?

y Herald (linked abowve) talks about the views
and disappearing as we used to know them - vast
st as they had been for hundreds of years and
1 industrial scene. As we watch the first massive
aithness and Sutherland coast are we watching
other aspect of our scenery - the coastal views?
inother hazard for fishing boats and vessels to
view now of anyone on the east of Caithness are
ithers as we face up to rising oil prices and the
. We already see oil rigs with in view. Will wind

BBC Mews 24

Last Updated: Friday, 28 May, 2004, 16:58 GMT 17:58 UK
B2 E-mail this to a friend

Fishermen oppose wind farm plans

= Printable version

Hundreds of fishermen
gathered in the Wash to
protest against plans to build
offshore wind turbines.

The men from Boston, Skegness
and King's Lynn are unhappy at
government proposals to erect
250 wind turbines in the
Greater Wash.

If it goes ahead, the facility
would be part of one of the
largest wind farms in the world.

Flanning permission has already |
been granted for 60 turbines on@
two sites off the south =
Lincolnshire coast.

-r-[ 3 lurur.'

1= |Hr1'=l E

HLII'|L'|IEL'|S u:-F turbines CIIILI|L'| be |:u.|||t
about five miles off the coast
Project 'impractical’

Andy Roper, who organised the protest, emphasised the
fishermen's livelihoods are being threatened.



From The Times
Movember 23, 2002

Winds of change will mean giant sea
turbines

By Anthany Browne, Environment Editor EXPLORE UK NEWS

DOZENS of wind farms, each with hundreds of turbines up to 500f » CRIME NEWS
high, are to he given the go-ahead off the coast between Scotland F The Ti
and Wales, around the Wash in East Anglia and in the Thames g O hE Es
Estuary. February 4, 2008

Yesterday's announcement was welcomed by some
environmental groups; others have given warning that it
will ruin views and damage sea life. Fishermen have
said that they will be forced out of business.

Brian Wilson, the Energy Minister, said: "In theory, these
areas could source enough electricity to power the
whole of Britain, albeit intermittently. There is no doubt

Wind power 'a security ris|

02 November 2007 08:15

Magnus Linklater and Dominic Kennedy

Defence chiefs threw the future of East . | -
] i i i mbitious plans to meet up to a third of Britain's energy needs
| Ambit lans t t up to a third of Britain' d
Anglia's wind energy industry into confu: fiom offshore wind farms are in jeopardy because the Ministry of
last I"Ilght after claiming that wind turbin Defence objects that the turbines interfere with its radar.
could be a threat to national secu I"It?' The MoD has lodged last-minute objections to at least four

onshore wind farms in the line of sight of its stations on the east
coast because they make it impossible to spot aircraft, The Times

. has learnt. The same objections are likely to apply to wind
EX[JEI"tS say the MoD now DbJECtS to abot turbines in the Morth Sea, part of the massive renewable energy

SOPC of applicatinns to build onshore wir project announced by John Hutton, the Energy Secretary, barely

two months ago. They would be directly in line with the three

turbines because of concerns they affect pincipal radar defence stations, Brizlee Wood, Saxton Wold and

¥ Wind farms ‘a threat to national securnity’

GREEN CENTRAL BLOG

Guilt-free flying? Are
biofuels the future
for aviation?

20 green ideas for
Valentines day

perfﬂrmance Df IT'IIIItEI ry I"EIdEII" Trimingham on the Mathumberland, Yorkshire and Norfolk coasts.




Transporting
stuff: 12 kWh/d

Stuff:
48+ kWhid

e L B KYY L -l:l

Tide:
11 kWhid

BTl

Food, farming,
fertilizer:

15 kWhid

Gadgets: 5

‘Light: 4 KWh/d

Heating,
cooling:
37 kWhid

Jet flights:
30 KkWh/d

too expensive!

not near my radar!

not near my birds!

not in my valle:p'!

not in my countryside!

too Expensive!

too Ex[:rensive!

not on my street!

not in my back yard!



Transporting
stuff: 12 kWhid
Catmmmersiipdid too immatura!
Tide:
11 kWhid
Wansseh | too expensive!
Stuff:
48+ kWh/d
not near my radar!
Food, farming,
fertilizer: not near my birds!
15 kWhid
Gadgets: 5 not in my valley!
|Light: 4k'i'ﬂlfd|
not in my countryside!
Heating,
cooling:
AT kWhid
too expensive!
Jet flights:
30 kWhid
too expensive!
S0 L 5 not on my street!
Car:
40 kWhid
not in my back yard!




after the great British consultation exercise...

Current
consumption:
125 kWh/d
per person

- Tide: 3 kWhid

! Offshore: 4 kWhid
&~ Hydro: 0.3 kWh/d
<— Biomass: 4 kWhid
|+— Solar PV 2 kWhid
=+ Solar HW: 2 kWhid
* Wind: 3kWh/d



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

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

FPetroleum
Gas 43159%
359
2004
Industry
21%

Domestic
30%4%

Other final
Transport USEers
3535% 13%

www.dti.gov.uk

Transport
35%

Hot air

26%

Hot water
8%

T_ighting.

applianr:es G

Process
100G

her
15%

'primary consumption’

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

(doesn't include imports,
nor solar energy in food)

For COs pollution, divide by 10:
100 kWh/day ~ 10 tonnes CO;/yea



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: 3 kKWhid

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



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 J‘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



HOME ABOUT  ADVICE BIRDS & WILDLIFE  JOIN OURWORK  RESERVES SUPPORTUS  SHOP  THINGSTO DO

= —

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

International less strilting measures would cost less and could do more

RSS feads to cut carbon emissions.

"other less striking measures"?

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

Cardiff,

L- a -, 1



Nuclear

Fission 1000 W /"

Sizewef’

100 km



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
-::mitil;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

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



A Mitsubishi Warrior, yesterday



"Babyonb
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——

80 kWh per 100 person-km (1 person)

How can this consumption be reduced?

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
par 100 km s

8
_rl,. .
g ° S
x 5 " aptera.com
5 A
® 4
et}
3 6 kWh per 100 km
2
1
0

14 16 18 20 22 24 268 28 30
distance (miles)



Electric scooters

3 kWh per 100 km



. FT 3 kWh per 100 p- km ﬂiﬁ
Electric trains ool Hllle. e 1) g
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{5p-mpg)

(10 p-mpg)

(20 p-mpg)

Energy consumphion
(kWh,/ 100 p-km}

(33 p-mpg)

(100 p-mpg)

(200 p-mpg)

(400 p-mpg)

?gg : .E.arrhrace “eco-boat” (4 passengers)
700 =
ol =
00 =
250 =
igg : ']er-ski
400 =
350 =
300 = Hydrogen car (BMW)
250 = QE2 .
200 = 8 Learjet (8 passengers)
150 = _ o
= Helicopter
130 —
190 — .Dcean liner
Range Rover
.
110 —
E{:‘.lcean liner (full)
100 —
a0 —
Car (1)
B0 — L {
0 . EHﬁvercraft
Hydrogen fuel-cell car (Honda)
60 = Cessna 310 (6 1.1ﬂEEiEnE:E'1'Er:|ﬁ
50 — Boeing '?4'?".
Boeing 747 (full)
40 — L+
e
aCatarnaran Turboprop
30| “Bus
- = ﬁé_eﬂ? oC .t.t‘f*c @&5‘ o ® w\"ﬁ
ACLC AR T A -
-ﬂl W . ﬁb'ﬂf- ot @ﬁ @“ﬁ o
3 ' i
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Walk A . !
i —]?——.',_EEIE d SR | |

Electric car efficiency and range
as a function of battery mass

lead acid -
lithium ion -
a0 &
petrol car (33 mpg)
70
60
T Electric,
= energy density
‘g_ 50 40 Whikg
:
-%' 40
=
% 30
=
i
I_ [
Electric,
20 energy density
120 Wh/kg
10 gg
%, @, %o
fp e
0
0 100 200 300 400 500 600
Range (km)



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)



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

Leakiness X Average temperature difference

(kWh/d/°C) (°C)

. K
I|'|I ) J| e { LA 1 Iu,rl IIII lﬁ'-""‘"'-"""iﬁ I “|| I|.I"| il"l"'.lll'ﬂ. \ [
s "._JI | | \ i T

Y X
" o, . o 1
1 Iur'|_ o 1| K o ‘Ill L ol AL,
L . [ | Fintels
1%, ! by Al Ll
1 WL 5 Fr |FF, ¥ = F o U
| g i TR T .
W b ¥

Jan Feb Mar Apr May Jun Jul Auz zep Oct MHow Dec

Leakiness: 8kWh/d/°C

91 degree-days of cooling

¥ | i Ih P 1 I .
1 Average temperature difference

3128 degree-days of heating

heating
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec
Z22b0 degree-days of heating
Jan Feb Mar Apr May Jun Jul Aug Sep Oct HMow Dec
h___q‘_-FD?llﬂg-

thermostat setting

1748 degree-days of heating

Tan Feb Mar dor Mag Tan Tl g Sepn [Nt Mow  [NDerc
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Increase coefficient of performance - use Heat pumps

ECO CUTE

RV WidgT— .
TANKMAN http://www.ecosystem-japan.com/

EcoCute water heater - CoP =4.9!

Power required = | Heat loss

/ Coetlicient ot performance

of heat-creation




Heating without fossil fuels

5 electricity

=

hizat ump

Heat pumps, powered by electricity T

Ground-source heat pumps

heat exchanger
1

r[ electricity
heat from ai1‘|
| -
Air-source heat pumps

—

heat pump

i =
- — ] B
N\ 0

4 times more efficient than ordinary electric heating T

o e
'
e

" .

L -



Read your meters!

Gas

40k d

aB

10 kW)
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Electricity

EEMhEd
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g9 2000 01 02 03

99 200001 0Z 03 04

lower

05 0B
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Read your meters!
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Efficiency in the offing

Electricity
120
g 100 -
5
= 80 == —1
= L —_— ——— 7O0W
2 — A
S 60 45W saved
O =
@ , 45 pounds
% 40 vampires on Im. perpyear
a —— v
- — 25W
20 —_ e
vampires off
0 :
Sun o4 Mon 48 Tue ?EWed 96 Thu 120 Fri 144

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

=
<ot
s

"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



Energy use versus GDP - log scale
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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
-::mitil;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

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



'Sustainable fossil fuels'

1600 Gt of coal _
— 1000 vears x 8000 kWh per tonne = 6 kWh per dav per person
6 billion people

Coal:
6 kWh/d

Sustainable
Carbon capture and storage FOSS“ Fuels

- requires 25% of the generated energy |
T : The Unusual Suspect in the Quest
- doubles the cost of building a 1GW power statm_n for Clean and Enduring Energy

— — - — = r :-.F?IJ . i £
= e o T

- ¥
A El e . B meters
L} '. " ™~

€0, is injected into the
e _ Utsira-formation
CO, separated from natural gas -

ca. 2500 meters

Natural gas with 8-9 % CO,




Nuclear Fission ('sustainable’' = 1000 years)

Uranium

Chnce-thron gh

Assuming 27 Mt U
recoverabla..., veeder

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

amplifier”

Assuming 1.6 Mt Th

recoverable

Mined Ooean River
uranium uranium uranim
.55 kWh/d 7 kWhid dkWhid
5 kWhid
33 kWhi/d
420 kWh/d



Nuclear Fusion

Not a sure thing
-a gamble

DT reaction
» requires Lithium and Deuterium
DD reaction

» requires Deuterium

(Mined Lithium; there's lots more in seawater)

Lathium
fusion:

110 kWh/d




DD reaction

D lasts ~ 1 billion years



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
-::mitil;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

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

65 blobs: - 16 kWh/d/p x 1Gp
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: Photo;: ABB

Andasol, Spain
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PS10, Solucar

Photo by afloresm




Algeria Libya

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



HVDC transmission

Losses
(Mw) |

150 AC 2x400 kY

1060 =
1200 mm’ HVDC +a00 kv

Terminals

Tramsm
L o 4 :u-m[mi

Photos and diagrams: ABB  2GW --

A Bl

W

3.1GW, 1360km

-

1.9GW, 1420km  oine s 0.7GW, 580km



Finland - Estonia: \
One pair of cables

L

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
-::mitil;;l:itun:
125 kWh/d
per person

- Tide: 3 kWhid

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



How to get the UK off fossil fuels “ "

Transport, Heating, Electricity i w
; ...-"'“::: '

[ - 3

Electrify all transport S S

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

current

COnS mptiu n

Energy
inputs:
125 kWh/d

-~
-

losses in
COTIVersion
to electricity

future ccmsumptiun
consumption hreakdowns
Elei:tri-::?nl Ele-:_:tri-:.lal Electricity:
things: things: 18 KWh/d
18 kWhid 18 kWh/d
N
| efficiency ,
1 " | Electricity:
12 kWhid
Heating;
40 kWh/d Heating: F'tllmpﬂd
At
Sl 12 KWh/d
Wood: 3 kWhid
~Solar HW: 1 kWh/d
efficiency
" Biofuel: 2 KWh/d
Transport: 1 |
40 kWhid
Transport: Electricity:
20 kWhi/d 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



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

[ hBintiels: 2 |
I A" I

‘ Wind: 8

65kmywave farm
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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



What society must do

20k

A plan that adds up
Carbon tax

upstream, stable

Carbon capture at all coal power stations

What individuals can do

MaMJIJITasSOHDJIF

Read meters
Say yes to plans that add up

ed (1000 kWh)
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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...’




Sustainable Energy —
without the hot air
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