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Ups and Downs of the 2050 Calculator

2050 Community Conference Taipei February 2015

David MacKay FRS

Depariment of Engineering, University of Cambridge
Former Chief Scientific Advisor, Department of Energy and Climate Change, UK Government




How wide
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One lane of cars

60 miles per hour

30 miles per gallon
1200 litres of biofuel per hectare per year
80 metres car-spacing




How wide
would the biofuel
plantation be?

One lane of cars

60 miles per hour

30 miles per gallon
1200 litres of biofuel per hectare per year
80 metres car-spacing

= 8 kilometres wide



wishful thinking ——  poorly-designed policies
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In 2005, the Greater London Authority had a planning requirement that
10% of a building's energy demand is met from on-site renewable energy sources

The designers predicted that the 3 x 19kW wind turbines would produce ~ 8% of the building's energy consumption.

If they worked as predicted, the true cost of the wind turbine's electricity would be 1200 pounds per MWh (10x off-site low-carbon electricity!)



wishful thinking poorly-designed policies
+ - +
mistrust disagreement over solutions




This book is free online

THE ECONOMIST

CORY DOCTOROW,
BOINGBOING.NET

- David JC MacKay
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Www.wlthouthotair.com
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How to improve this situation...

wishful thinking [ poorly-designed policies
| » —> S |
mistrust disagreement over solutions

/ \

Provide facts

Use numbers, not adjectives
Use a single set of units
Talk about scale

Win trust by:
- not promoting a solution
- showing your working
- getting lots of people to endorse your work



Express all options in a single set of units



Huge expansion for wind turbines

There could be more
than two offshore wind
turbines per mile of UK
coastline under plans
being set out by
ministers.

Business Secretary John A

Hutton says he wants to The aim is for 20% of EU energy
o to come from renewables by

open up British seas to ..,

allow enough new

turbines - up to 7,000 - (el EREIRNESalsln=E by

the year 2020,

John Sauven, the executive director of
Greenpeace, said that the plans amounted to a
"wind energy revolution”.

"And Labour needs to drop its obsession with
nuclear power, which could only ever reduce
emissions by about 4% at some time in the distantft

How does nuclear's pathetic 4% compare with the proposed offshore wind?



Huge expansion for wind turbines

There could be more
than two offshore wind
turbines per mile of UK
coastline under plans
being set out by
ministers.

John Sauven, the executive director of
Greenpeace, said that the plans amounted to a
"wind energy revolution”.

"And Labour needs to drop its obsession with

Business Secretary John

he aim is for 20% of EU energy ,
E:;fﬂ;gﬁ;:ﬁ ;q:aﬂ;iéo ;:r-l :|'1T-; I1;|5'-:-mI |'e|'|e'-ﬁal.lnzl-l:5 I?‘:.-'IJ. nuclear POWEr, which could an ever reduce
allow enough new emissions by about 4% at some time in the distantfi

turbines - up to 7,000 - [eRsle = REIIRN N als =l
the year 2020,

by

How does nuclear's pathetic 4% compare with the proposed offshore wind?

'33GW' of offshore wind would deliver on average 10GW, which is 4kWh/d per person

40/0 | dRwn/a |

4KkWh/d | 4 kWh/d | 4kWh/d |

'all homes' 10 GW nuclear 33 GW wind




How the Calculator evolved
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Five plans for Cartoon-Britain

current
consumphion
-
losses in
COTVersion
to electricity future consumption
consumption hreakdowns
ol || Bt iy
18 kWhid 18 kWhid
N o Key ideas
Vefficiency f
! “ | Electricity:
Energy e 12kWh/d I I _t
in[:ruts: n | n
125 kWh/d 40kWh/d Heating: Pﬁ‘ﬁ“j sulatio
30 kWh/d 12 kWh/d Heat pumps
Wood: 5 kWhid
| adm] =======: : . |
e - b Solar HW: 1 kWh/d
it 25% of UK
E'_ EIE’JF-EH
forests, willow, miscanthus
i B Biofuel: 2 kWh'd
Transport: il ' 1 Sg m per person HW
40 kWhid
Transport: Electricity:
20 kWhid 18 kWh/d .
12% of UK for biofuels

Electric vehicles

50 kWh/d is 125 GW



Five plans for Cartoon-Britain

Solari Solar in |
Clean coal: Solar in p—— deserts: 7
16 kWh/d deserts: - | Tide3r
20 kWh/d R
Hydro: 0.2 Nuclear:
MNuclear: Clean coal: 44 kWh/d
16 kWhid Clean coal: 16 kWh/d Waste: 1.1
[ Tidedz I | e
[ Wave:Z Nuclear: O WaverZ | 12 kWhid
Hydro: 0.2 10 kWh/d Hydro: 0.2 Wood: 5 kWh/d Tide: 0.7
. Waste: 1.1 Tide: 1kWh'd Waste: 1.1 . Solar HW: 1 Hydro: 0.2
Pumped Hydro: 0.2kWh/d Fumped [ BiomelszZ | Waste: 1.1
heat: Waste: 1.1kWhid heat: I FV:. 3 |
12 kWh/d | ' 12 kWh/d Pumped
Pumped heat:
Wood: 5 kWhid heat; Wood: 5 kWh/d 12 kWhid
_ SolarHW:1 12 kWhid Solar HW: 1 —— 1
[ Bicfuels:2 | | Wood:5kWh/d [ Biofels2 | Wind: 32 olar FTW 1
PVi3kWh/d | gopar pw:1kwha [ PVE3 ] | '
Wind: BkWh_-"d| Bicfuels: 2 KWhic ‘ Wind: 8 T
Diversity NIMBY  Libdem  Green  Economist
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This plan’s mix

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
Biofiels: 3 |
| Fw: 2 ]

Wind: 8

Jack-up barges cost 60M

Four Londons' worth

Use for cofiring biomass with CCS

40GW - four-fold increase

25% of UK - forests, willow, miscanthus
1 sg m per person HW

12% of UK for biofuels

Half of all roofs

33-fold increase in wind capacity

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



Don’'t promote a solution

Current
consumption:
125 kWh/d
per person

- Tide: 3kWh/d

o Offshore: 4 kWhid
| &~ Hydro: 0.3 kWhid
«+— Biomass: 4 kWh/'d
|+ Solar PV: 2 kKWh/d
= Solar HW: 2 kWhid
I* Wind: 3kWh/d



Don’'t promote a solution

"you figure it out”

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



Some inconvenient truths 2+ 92 # 120

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

Cities cannot be
self-sufficient

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



The f”'ST CHICUIHTO" = sustainableenergyboardgame.weebly.com - Emilia Melville
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We need a plan that adds up!

- - - b

our other pegple'S | efficient T_Ifhc:?nt read
renewables renewahbles nuclear transport :EE ng . your
and insulation meters!
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Credit: Graeme Cuthbert, James Geddes



Some bumps in the road...

Other departments
Our own department
Politicians

— £ECE 1,.__.
: e T 0
]
- 1 E

Credit: Graeme Cuthbert, James Geddes
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How to improve this situation...

wishful thinking [ poorly-designed policies
| » —> S |
mistrust disagreement over solutions

/ \

Provide facts

Use numbers, not adjectives
Use a single set of units
Talk about scale

Win trust by:
- not promoting a solution
- showing your working
- getting lots of people to endorse your work
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UK demand for energy UK supply of primary energy Net UK Greenhouse gas emissions
Switch to chart showing just elacthcity

TWh of energy
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All energy Electricity

UK energy demand
TWh/yr of final energy

4000

3000

2000

1000

I

2010 2050
Domestic transport behaviour E"El 3| 4
Domestic transport electrfication [0 12181 «
Domestic freight =] =]«
Intemational aviation 2 [ 3 | 4

D

Intemational shipping

Avarage temperature of homes 1 2 3
Home insulation 12 3
Home heating alectafication

Home heating that isn't electnc
Home lighting & appliancas 3
Electrfication of home cooking

FLEN | | | |

Growth in industry =
Energy intensity of industry = ][a]
Commercial demand for heating and -

12|24
cooling

Commercial heating electnfication

E.
Commercial heating that isn't electric [ BB ©
HEEE

Commercial ighting & appliances
Electrfication of commearcial cooking --

Flows Area Story

Example pathways m e

This pathway should meet the UK 2050 climate change target

UK energy supply
TWh/yr of primary energy

4000

3000

2000

1000

~13 3GW power stations
delivering ~280 TWhiyr

Muclear power stations
CCS power stations
CCS power station fusl mig

Ld ||

Offshore wind
Onshore wind

Tidal and wawe

(]

Fa I'-..'|||I~..'| I'-..'|||I'-..'| B || Fa I'-..'|||I~..'|

L | L || L

LE%]

Biomass power stations
Saolar panels for electncity
Saolar panels for hot water
Geothamal alactncity
Hydroalacthc power stations
Small-scale wind

Electricity imports

LE%]

Lo%]

L | L || L

L

Land dedicated to bioenergy

|| -

Livestock and their managemsant
Volume of waste and recycling
Marine algas

Type of fusk from biomass

L1 L

Lo%]

Bioenengy impors

-]
[~ ]

Conventional powsar stations are built automatically to fill any
sharfall in electhcity supply. Coal, Oil and Natural Gas ams

1000

UK greenhouse gas emissions
MtCO2e/fyr

S00
0
-500
2010 2050
Geosaequestration - 2 3| 4 ﬂ

2050 emissions will be B0% balow 1990 lavels.

Intemational aviation and shipping emizsions are not
included in the UK"s 2050 target but are included harme to
enable amissions from all sectors to be considerad.

Energy security

If thare are five cold, almost windless, winter days in 2050,
then up to 15 GW of backup generation capacity will ba

raquired to ensure that elacthcty is always availabla. n

Storage, demand shifting &
interconnection

In 2050, 53% of primary energy will be imported.

Save or share this pathway
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Offshore Wind

In 2007 the UK had around 0.4 GW of offshore
wind capacity, and at the end of 2010, 1.3 G'W.
All of these were fixed to the seabed by solid
foundations, with no floating offshore turbines
yet present in the UK.

Level 1

Level 1 assumes that only the current turbines
and those already advanced in the planning
process are built. Offshore wind capacity
initally rises from 1 GW to 8 GW in 2025 then
reduces to zero by 2045 as decommissioned
sites are not replanted. B GW is equivalent to
around 1400-5.8 MW turbines (although in
reality turbines would have different capacities)
and generates around 29 TWh/fy at 2025.

Level 2 h‘
Level 2 assumes that capacity increases to

60 GW by 2040 and is then maintained. This
means building and maintaining about 10 000
of the 5. 8-MW turbines in total. In this scenario
the sea area occupied by wind farms is about
10 800 km’, about half the area of Wales. It
requires maintaining the same build rate that
Germany achieved for onshore turbines from
2000 to 2010 over a 20~year pericd in the UK
and in an offshore environment. &0 GW of
offshore wind turbines penerates around

237 TWh/y in 2050.

11.69 x 8.26 in |

Level 3

Level 3 assumes that capacity rises to 45 GW by
2025, and to 100 GW by 2050, which is
equivalent to around 17 000 5 8-MW turbines.
The sustained installation rate is 5 GW per year.
Installing 5 GW per year might require roughly
30 jack-up barges and means building offshore
wind turbines at a rate never before achieved
in any country. The sea area occupied by wind
farms is 18 000 km’, close to the area of Wales.
The combined weight of steel and concrete in
these turbines is roughly 0.4 tonnes for every
Briton. 60 GW of offshore wind turbines
generates around 395 TWh/y in 2050.

Level 4

Level 4 assurmnes that capacity rises to 68 GW by
2025, and to 236 GW by 2050 —a 180-fold
increase from 2010. The sustained installation
rate required is 6 GW per year of fixed turbines
{which requires roughly 30 jack-up barges) plus
6 GW/y of floating turbines. In total, this is
equivalent to about 40 000 5. 8-MW turbines
being built by 2050. The costs of offshore wind
installation and maintenance inarease with the
distance from shore and water depth. For level
4, the sea area occupied by wind farms is over
42 000 km®, roughly twice the area of Wales,
inCluding both fixed and floating turbines. If
236 GW of the 5.8 MW turbines were arranged
uniformly along 3400 km of coastdine, there
would be 12 of them per kilometre, penerating
around 929 TWhyy in 2050. The combined
weight of steel and concrete in these turbines is
0.9 tonnes for every Briton.

TWhie)/y
2007

Capacity [

Level 1

P K

200

150

100

Al

UE pffshare lewed 4

LE oifshare lewed 3

Ui Gw|
UK cifshare lews F

Germany (2
~=tpain 119 §

T 2010 A0F0D 2030 A0 A0

Figure 1. UK offshore wind capadty versus time, historic
(to 2010} and assumptions {from 2010 omwards),
compared with onshore wind in Spain, Germany, EL,
and world totals.

929
395
237
Level 2 Level 3 Level 4
2050 2050 2050




Nuclear trajectories

1200
EU 1025 TWh/
— 1000 Y
2 /935 TWhy o (146GW)
= 800 /o USAgog Twhy  ®
= /7 (100 GW)
O A 633 TWh/y
g 600 & (90GW)
oo Ao Twhy  °
3 (63 GW)
= \2 275 TWhly
< 200 e (39GW)
o
SN
0 -

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
year



All energy Electricity Flows Area Story Example pathways m

This pathway should meet the UK 2050 climate change target

UK electricity demand UK electricity supply reenhouse gas emissions from electr
TWh/yr of electricit TWh/yr of electricit MLCOZe/yr

4000 Y Y 4000 Y Y 1000 Y
3000 3000

500
2000 2000

0

1000 1000 —

2010 2050 b 2010 2050 2010 2050
Domestic transport behaviour E"El 3| 4 ﬂ Muclear power stations 1 2 £] ﬂ Geosaequestration - 2 3 | 4 ﬂ
Domestic transport electrfication [0 121181 « | CCS power stations 1 2] = i | 050 arresie i be BO% b 1990 tevale.

Domestic freight EE B CCS pawer station fusl mix R i |

Intemational aviation - s |l 3 || 4 ﬂ Intemational aviation and shipping emissions are not

. L. - B - ) included in the UK"s 2050 target but are included harme to

Intemational shipping - B|C|D ﬂ Difshare wind II"E' 3 1L 4 ﬂ enable emissions from all sectors to be considered.
Onshare wind 12]:=1+ @

Avarage temperature of homes 1 2 3| 4 ﬂ Tidal and wawe 1 2 3 [ 4 ﬂ

Home insulation 1[2] =]+ 1@ Biomass pawer stations B : 8

Home heating electrification EEE -8 Solar panels for electricity BB EREN Energy security

Home heating that isn't electic (LA NEN[NEY o || Solar panels for hot water HEERE

Home lighting & appliances EFEE Geothermal electricity HEEEREN Storage, demand shifting &

Electrification of home cooking ‘A B [ Hydroelectric power stations 12]:=1+ @ intercannection .... i
Smalscale wind I ENENEN] If th five cold, almost windless, winter days in 2050

L . - are ang cold, almost windless, winter days in ,

Growth in industry - - - ﬂ Electricity imports - - 8 S ﬂ then up to 15 GW of backup generation capacity will ba

Energy intensity of industry --- ﬂ raquired to ensure that elacthcty is always availabla. n

Commercial demand for heating and 1 2 2 [ 4 ﬂ Land dedicated to bioenargy --- 4 ﬂ

cooling Livestock and theirmanagemant --- 4 ﬂ In 2050, 53% of primary energy will be imported.

Commercial heating electrfication [0 E e = [ Volume of waste and recyding aec f

Commercial heating that isn't electic A B & © [ Marine algas DEE il

Commercial lighting & appliances [ 1 [[2 | 2 [ « |[ Type of fuels from biomass " | B il

Electrification af commercial cooking - [0 B/ H Bioenargy mports DEE i
Conventional powsar stations are built automatically to fill any Save or share this p ':'ulth"-'n"r_

sharfall in electhcity supply. Coal, Oil and Natural Gas ams



All energy Electricity Flows Area Story Example pathways m

This pathway should meet the UK 2050 climate change target

Pumped haat )
Home heating & cooling
Solar
Office heating & cooling
Wind
Home lighting & appliances
Tidal .
Office kghting & li=
Warve ighting & appliances
Geothamal
Hydro
Industry
Muclaar Road transport
Rail transport
Domestic aviation

Coal resanvas Intemational aviation

Mational navigation

Ei i s
s Intemational shipping
Ol resarves Agrcuture
Oil imports Crvar genaration { expors
Biofual imports

Gas resanvas

Gas imports

Forests & biocrops

Agricuttural "waste’ Losses
Othar waste
Marnne algas
Domestic transport behawviour 4 ﬂ Mucdlear power stations 1 2 3 ﬂ Geosaquestration - 2 3] 4 ﬂ
Domestic transport electrfication i | CCS power stations 1 2] = i | .
— 2050 emizsions will be BO% balow 1990 levals.
Domestic freight i | CCS pawer station fusl mix R i |
Intemational aviation 4 ﬂ Intemational aviation and shipping emissions are not
. L st . . included in the UK"s 2050 target but are included here to
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Home heating & cooling

Office heating & cooling

Home lighting & appliances
Office ghting & applances

Industry

Road transport

Rail transport

Agriculture

COwar generation / axports

Los=as

Geosaquestration - 2 3 (| 4 ﬂ
2050 emizsions will be BO% balow 1990 levals.

Intemational aviation and shipping emizsions are not
included in the UK"s 2050 target but are included harme to
enable amissions from all sectors to be considerad.

Save or share this pathway
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2050 Calculator for kids
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Scientists agree we need to reduce CO2 emissions to 20% of their 1990 levels by the
year 2050 if we are to prevent runaway climate change.

Thankfully we have already made some progress, but not enough. What changes do
you think we should make to get from our current 89% level to the 20% target?

- Next >




My Energy Security Indicator

B B B B B

Qil, Gas & Mudear Power Cleon Coal & Wind Turbines Wind Turbines Solar, Marine
Coal Powe

r Gas Power on Land on Seq & f‘l}dm
Power

m Find out more about the sliders

rhiLike [ 7 likes. Sign Up to see what vour Friends like,

lib,

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.




My Energy Security Indicator

8,000 onshore wind turbines
=E built by 2050. In 2010 we had
- 3,000.

[ =] [ =] = [ =]

Biohuel Qil, Gas & Mudear Power Cleon Coal & Wind Turbines Wind Turbines Solar, Marine

Produdion  Coal Power Gas Power on Land on Seq & f‘l}dm
Power
—

@ Find out more about the sliders T B /

rhiLike [ 7 likes. Sign Up to see what vour Friends like, Brought to you by Department of Energy and Climate Change,
- ) ' moiencevwise-ERC and Delih.

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.
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My Energy Security Indicator

We use public transport instead L

—
of cars for a quarter of our

journeys.

— —
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Manufacturing Businass Homa Homa Heating Fuel HowWe  Transport Fusl
Growth Gresnness Efficiency Temperature Travel

@ Find out more about the sliders

poLlike  H 7 likes. Sign Up ko see what vour Friends like Brought to you by Depattment of Energy and Clithate Change,
Aciencewise-ERC :IIJ.I1 ['H]ﬂl.

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.

Ao lalllaiase talladlyels




My Energy Security Indicator

Supply W Demand (Supply should exceed demand, but not by a wasteful amount] How balanced is your My20507?

% Demand is exceeding supply
£ A balanced world

¥ Supply is exceeding Demand
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@ Find out more about the sliders

poLlike  H 7 likes. Sign Up ko see what vour Friends like Brought to you by Depattment of Energy and Clithate Change,
Aciencewise-ERC :IILI1E||‘]11'I.

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.
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Qil, Gas & Mudear Power Cleon Coal & Wind Turbines Wind Turbines Solor, Marine

wction Coal Power Gas Powear on Land on Seq & Hydro
Power

@ Find out more about the sliders T B /

rhiLike [ 7 likes. Sign Up to see what vour Friends like, Brought to you by Department of Energy and Climate Change,
- ) ' moiencevwise-ERC and Delih.

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.




More Information Panel x

N 5 & = wy = Wn © w | Te

_ o -

Bighuel Oil, Gas & Mul Clean Coal d Solar, : : . . -
Producion | Cool Powet  Power BGas T Tutimeon Momps s Cufochvieg | Busineet Eﬁ‘,'m Tm':,amm Hodting Fusl ' How Wo  Trenspont Fud
Powar Sea pﬂ:‘n
ar

Wind Turbines on Sea You have this slider set to level 1

As an island, the UK is fortunate enough to have Because offshore wind is relatively new
plenty of space to install wind turbines in the gusty and untested now, it can cost a lot more
zeas sumounding us. Offshore wind is often seen as than alternatives like gas or nuclear

an attractive oplion because the turbines don't power stations. However, as oil, gas
interrupt our view or take up precious land gpace. The and coal become more scarce and
greater freedom to build bigger structures and the expensiva, this might swing the other
stronger wind speeds also means that indiidual way by 2050.

offshore turbines can generate more power than their

onshore coUusins.

Like wind turbines on land, offshore wind suffers from

‘intermittency” - if the wind stops blowing, they stop

genarating power. Wind energy has to be used as

s00n as it 18 produced, it cannot yet be stored up for

later. Thiz means we need to build other power

stations to make sure we have a substitute for calm

days, or run the risk of suffering blackouts. At the top \

of the shider, we would have built 40,000 turbines by Offshore Wind turbing viewed from
2050 - that's a lot of power to back up. Scroby Sands Wind Turbine promenade

rhiLike [ 7 likes. Sign Up to see what vour Friends like,

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.




More Information Panel
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ol Oil, Gas & Muclear

Clean Coal
udion Coal Power Power
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Nuclear Power

Muclear power 2 a proven technology which can
provide reliable and low carbon power. Muclear
power emits about the same amount of carbon as
wind power over the course of its ifetime, and it
works in all weathers.

Muclear power stations in the UK like Szewell B
have been generating electncity since the 1950s,
producing almost 20% of our electricity in 2009.
They work by using controlled reactions to heat
water, which tums into steam. This steam tums a
turbme which generates electnoity.

Although we have a good understanding about
how to make safe and efficient nuclear power,
there are still some Ezues we need to think about
for 2050. There is the question of deciding what to
do with nuclear waste. All nuclear power stations
produce waste, some of it remaining dangerous to

£ Like
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Hedting Fusl

Home

EH::E}' Temparatura

You have this slider set to level 3

humans and the environment for thousands of
yaars. Working out how and where to store and
dispose this waste safely will be very important.

MNuclear reactors use uranium as fuel and atthough
supplies are predicted to last much longer than our
oill, coal and gas reserves, there is some
uncertainty about exactly how long they will last.
We do not produce any uranium in the UK, so0 wa
will nead to rely on imports. However, more
countries have supplies of uranium than oil and
gas, S0 OUr SOUMcEs are More Secure.

To produce the amount needed at the top of the
slider, we would need to build around fifty large
nuclear power stations by 2050.

B 7 likes, Sign Up ko see what your Friends like,

The main safely veszel at 'Sizewell B Nuclear Power Siation.
Sizewell B's average output is roughly 1 GW = 8 TWhiy. In the
Calculator, we imagine that a new generation of 3 GW plantz
will be available, and that we are able to build fewesr but more
powerful reactors.

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.
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Other people's My2050 worlds ciick on a My2050 below to expand

~. CO2

T — 20% | |

pasnaog punwag]

1%

Interesting My2050 from:

Understand other people's solufions?
Learn more about other points of view?
Debate on how to tackle the challenge?

MAKE ANOTHER MY2050 - G‘;‘;"ﬁ‘,‘:‘é‘w Join in the discussion on
Try and create a better solution>> - faCEhﬂnk

———

Brought to you by Depattment of Energy and Clithate Change,

2 pLike [ 8 likes. Sign Up to see what vour Friends like. _ : _
moienicevrise-ERC and Delib,

Thiz web presence 15 a visnalisation as well as siraplification of the 2050 Patharays Analysis in order to farther share its findings.




How to improve this situation...

wishful thinking [ poorly-designed policies
| A |
mistrust disagreement over solutions

/ \

Provide facts

Use numbers, not adjectives
Use a single set of units
Talk about scale

Win trust by:
- not promoting a solution
- showing your working
- getting lots of people to endorse your work
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UK demand for energy
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Our own department



Costs (version 3) (December 2011)

The cost to society of your pathway. This is not vour energy bill. For comparison, UK average GDFP 2010-2050 is forecast to be roug

not on default values

hea char to make a more
in with the pathways below

kal 3.26
dal based. Mo of supply
- demand reduction.

&, more energy efficiency
=t supply componeant. Wery
reduction. Lots of storage.

55 energy efficiency
ydarate energy demand
ranawables.

' |bioe e rgy
iomass co-fifng.
reduction

th
ind, marnne renewahles and
emand reduction

gct Rural England
ez, solar, geothemal and
Ambitious demand reduction.

geothermmal and algas
ear and CCS.

aration sources. Moderate
. Considerable bioanangy.

ja of sources. Emphasis
.

mate change (All level 1)
as for electhicity and heat
Tickes.

person.

The extra cost to society of your pathway above that of the "‘Doesn’t tackle climate change (Al level 1) pathway (mean undiscounted real pounds per person per
]

4,000

276 less to 238 mona

i

604 to 142 lass

413 less to 29 mona

56 less to 457 more

135 to 590 mora

%

349 less to 133 more

A02 to 9 less

62 kess to 310 mone

x;’é

295 less to 64 mone

Thiz pathway does not reduce emissions by at keast B0% on 1980 levels



Help See implications ¥ This cost analysis 1s under development. Help us to make it better. Example Pathways ¥ | Share
All energy
Cho . The cost of your pathway compared with another, allowing simple variation in cost estimates.
Electricity
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I The cost in "Higher nuclear, less energy efficiency’ Try different cost scenarios
Cost sensitiviby e Thie range of cost estimates Cheap Expensive (resat)
Finance cost — mm Hies assumptions Mone T% real 10% raal Linceartsin
Conventional cars and buseas =— SHes assumptions Cheap Default Today's cost Lincertain
il =—- Hies assumptions  §75/bhbl H130/bk F1T0/bbl Lincertain
Hybnd cars and buses -__— Hies assumptions  Cheap D fault Today's cost Linceartsin
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Bikes = Hies assumptions  Cheap D fault Today's cost Linceartsin
Electricity grid distribution II—_ Hies assumptions  Cheap D fault Today's cost Linceartsin
Domestic ighting, appliances, and cooking F Hies assumptions  Cheap D fault Today's cost Linceartsin
Commearcial heating and cooling r.- SHes assumptions Cheap Default Today's cost Lincertain
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This is a wiki for the 2050 pathways calculator. Anyone can contribute, therefore DECC does not vouch for its accuracy.

[Il.C TIDAL AND WAVE COSTS

improve this page see who wrote which bits of this page get an email if this page changes

TECHNOLOGIES COSTED IN THIS SECTOR

+ Wave turbine - Please click on: Wave Cost Data

COSTS METHODOLOGY

METHODOLOGY USED

The user defines the number of wave and tidal turbines. Once the trajectory is set by the user, the
number of plants to be built are defined. Investment costs are a function of new build and ocperating
cost are a function of the number of plants operating within that time period. We assume turbines retire
and the cost of replacement is included.

Please see 2050 Methodology for a full description of the costs approach in the Calculator.

METHODOLOGY ISSUES AND UNCERTAINTIES

* May need to revisit assumption of 25 year economic life for wave and tidal stream (tidal stream
and wave likely to be similar or less than offshore wind - tidal range will be much longer -eg La
Rance which has been operating now for more than 40 years without any major refurbishment
and with predictions for 80+ yers of further operation).

* MNeed to check Tidal Barage costs against the studies reported in D11/1030385 (tidal barrage
costs and lives are available from Severn, Duddon and Mersey Studies)

* Investment cost includes the cost of grid connection, need to make sure we don't double count
the cost of an offshore grid or under-represent transmission costs

TECHNICAL ASSUMPTIONS

WAVE TURBINE

Lifetime = 25yrs(1]
Availability = 90%

Load Factor = 25%
Input Fuel = Wave

TIDAL RANGE/BARRAGE

e |ifetime = 120vrsl?!

Register or sign in

help home page a-zindex recent changes

add a page
add a cost

CONTENTS OF THIS PAGE
Technologies costed in this sector
Costs Methodology

Methodology used

Methodology issues and uncertainties
Technical Assumptions
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WAVE COST DATA
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2010 Range (2010) )

G000

By T2 (2000)

DO |1

Capital cost E{2010)kWpeak
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Change chart to show capital costs against time

Register or sign in

Data point
Wave energy T1

IWEUE energy T1
Wave energy T2

IWE‘I.FE energy T2

I Fixed Turbine
Fixed Turbine
Floating Turbine
Floating Turbine
2010 Range

2050 Range

Pre-demonstration

I Demonstration

I Commercial
Agucadoura
Project

Cpening cost
target

ETSAP Technology 2010

Briefs

ETSAP Technology 2020

Briefs

ETSAP Technology 2030

Operating cost
Capital cost excluding fuel

valid in  £(2010)/kWpeak £{2010)/k\Wpeak Source

2000 3412 268 Markal 3.24
2050 1386 216 Markal 3.24
2050 2134 311 Markal 3.24
2000 5257 363 Markal 3.24
MottMacDonald
2010 2616-3924 50-90 (2011)
MottMacDonald
2050 1031-2750 20-63 (2011)
MottMacDonald
2010 3232-4848 74-131 (2011)
MottMacDonald
2050 1313-3316 30-90 (2011)
2010 2616-6440 20-363 2020 working
assumption
2050 1031-6440 20-363 20°0 working
assumption
Ernst and
2010 6100-8600 520-740 Young 2010
Ernst and
2014 4100-5700 240-350 Young 2010
Ernst and
2016 2800-3900 170-240 Young 2010
Pelamis Wawe
2008 3633 Power Ltd
Pelamis Wawe
2005 2282 Power Ltd
ETSAP
4331-5732 127 Technology
Briefs
ETSAP
3630 127 Technology
Briefs
ETSAP
2993 127 Technol
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TIDAL RANGE COST DATA
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a
' Operating cost
a00a Capital cost excluding fuel
Data point Validin E{2010)/kWpeak £(2010)/kWpeak Source
4500 sSevern
Tidal 2000-2050 1943 30-56 Markal 3.24
2010 Bamga 30983 101 Barrage
Tidal MottMacDonald
4000 _ _
Barrage 2010 2475-4125 20-42 (2011)
Tidal MottMacDonald
2500 - Bridgewater (2050) Barrage 2050 1815-3568 13-21 (2011)
2010 2010 2475-4157 13-4 2050 working
x Range assumption
@ 3000 i
g Izum 2050 1631-4157 13-4 2050 working
Range assumption
[
= Central MottMacDonald
[ — —
S 2500 Iestimate 2050 1815-3568 13-21 (2011)
E Default -
L Tidal Range
E‘ 2000 Technology 2010 3423 32 MARKAL 3.26
£" Severn -
Bridgewater
1500 Default -
Tidal Range
Technology 2050 3423 32 MARKAL 3.26
1000 €" Severn -
Bridgewater
Range 2000-2050 1631-4157 13-56
500
0
0 5 10 15 20 25 30 35 40 45 50 55 60 7 NOTES
Opearating cost (excluding fual) E{2010VkWpaak
] _ _ WHAT SHOULD BE INCLUDED IN THIS CATEGORY?
Change chart to show capital costs against time
WHAT SHOULD BE EXCLUDED FROM THIS CATEGORY?
HOW ARE THESE COSTS USED IN THE 2050 PATHWAYS
MODEL?
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Operating cost
a00a Capital cost excluding fuel
Data point Validin E{2010)/kWpeak £(2010)/kWpeak Source
4500 Severn
Tidal 2000-2050 1943 30-56 Markal 3.24
Barrage
Tidal MottMacDonald
4000 - -
Barrage 2010 2475-4125 20-42 (2011)
: Tidal MottMacDonald
2500 s o ..  Sav Barrage 2050 1815-35638 13-21 (2011)
2010 2010 2475-4157 13-42 2020 working
x Range assumption
@ 3000 S '
g Izum 2050 1631-4157 13-42 2020 working
Range assumption
(=
= Central MottMacDonald
= — —_
S 2500 N IEE-tirTIEtE 2050 1815-3568 13-21 (2011)
E Default -
L P Tidal Range
2 2000 S :Savam Tical Barrage (2000-2030) Technology 2010 3423 32 MARKAL 3.26
° N
£" Severn -
Bridgewater
1500 Default -
Tidal Range
Technology 2050 3423 32 MARKAL 3.26
1000 €" Severn -
Bridgewater
Range 2000-2050 1631-4157 13-56
500
0
0 5 10 15 20 25 30 35 40 45 50 55 60 7 NOTES
Opearating cost (excluding fual) E{2010VkWpaak
_ _ _ WHAT SHOULD BE INCLUDED IN THIS CATEGORY?
Change chart to show capital costs against time
WHAT SHOULD BE EXCLUDED FROM THIS CATEGORY?
HOW ARE THESE COSTS USED IN THE 2050 PATHWAYS
MODEL?
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TIDAL STREAM COST DATA

2
' Operating cost
12000 Default - Tidal Stream Technology - T, Capital cost excluding fuel
. Data point Valld in  £{2010)/kWpeak £{2010)/kWpeak Source
11000 MottMacDonald
Seagen Device 2010 7083 70-140 (2011) - Press
10000 Reports
MottMacDonald MottMacDonald
(2011) 2010 2880-4320 55-99 (2011)
2000
MottMacDonald MottMacDonald
(2011) 2050 1130-3099 22-71 (2011)
8000 Ir'-"larkal 3.24 2000 2523 56 Markal 3.24
= IMarI{aI 3.24 2050 1024 30 Markal 3.24
@ .
i 7000 2010 Range 2010 2880-5600 22-gg 2050 working
= assumption
= 2050 working
. 5000 2050 Range 2010 1024-5600 22-99 .
“ 2050 Range (3010) [:3‘ I assumption
8 Central MottMacDonald
%EDDD Iestimate 2050 1180-3099 22-71 (2011)
3 MotthadDonal £011) (2010) Default - Tidal
4000 Stream 2050 797 71 MARKAL 3.26
Technology -
{Ce nirS baEet LIRRTIN ]
300 ! Default - Tidal
- Stream 2010 11525 487 MARKAL 3.26
Technology -
2000
T2
Markal 325 (S : Range 2000-2050 797-11525 22-487
1000 L
0
0 50 100 150 200 250 300 350 400 450 500 ?
Opearating cost (excluding fual) E{2010VkWpaak NDTES
Change chart to show capital costs against time WHAT SHOULD BE INCLUDED IN THIS CATEGORY?
WHAT SHOULD BE EXCLUDED FROM THIS CATEGORY?
HOW ARE THESE COSTS USED IN THE 2050 PATHWAYS
MODEL?
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Operating cost
12000 Capital cost excluding fuel
Data point Valld in  £{2010)/kWpeak £{2010)/kWpeak Source
11000 MottMacDonald
Seagen Device 2010 7083 70-140 (2011) - Press
10000 Reports
MottMacDonald MottMacDonald
(2011) 2010 2880-4320 55-99 (2011)
0000
MottMacDonald MottMacDonald
(2011) 2050 1180-3099 22-71 (2011)
8000 Markal 3.24 2000 2523 26 Markal 3.24
= IMarI{aI 3.24 2050 1024 30 Markal 3.24
: 2050 workin
i 7000 2010 Range 2010 2880-5600 22-99 reing
= assumption
S 5000 Izusu Range 2010 1024-5600 22-99 :Suﬁium";‘t‘;;'”g
E o o Central MottMacDonald
entra ottMacDona
%EDDD IEEtirTlﬂtE 2050 1180-3099 22-71 (2011)
3 Default - Tidal
4000 Stream 2050 797 71 MARKAL 3.26
Technology -
T2
Jcag Default - Tidal
Stream 2010 11525 487 MARKAL 3.26
2000 [ Technology -
& T2
Range 2000-2050 797-11525 22-487
1000
0
O 50 100 150 200 250 300 350 400 450 500 7
Opearating cost (excluding fual) E{2010VkWpaak NDTES
Change chart to show capital costs against time WHAT SHOULD BE INCLUDED IN THIS CATEGORY?
WHAT SHOULD BE EXCLUDED FROM THIS CATEGORY?
HOW ARE THESE COSTS USED IN THE 2050 PATHWAYS
MODEL?
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Operating cost
12000 Capital cost excluding fuel
Data point Valld in  £{2010)/kWpeak £{2010)/kWpeak Source
11000 MottMacDonald
Seagen Device 2010 7083 70-140 (2011) - Press
10000 Reports
MottMacDonald MottMacDonald
(2011) 2010 2880-4320 55-99 (2011)
0000
MottMacDonald MottMacDonald
(2011) 2050 1180-3099 22-71 (2011)
8000 Markal 3.24 2000 2523 26 Markal 3.24
= IMarkaI 3.24 2050 1024 30 Markal 3.24
: 2050 workin
i 7000 2010 Range 2010 2880-5600 22-99 reing
= assumption
= 2050 working
% 6000 IE[]S[] Range 2010 1024-5600 22-99 assumption
w
8 Central MottMacDonald
%_mnn IEEtirTlﬂtE 2050 1180-3099 22-71 (2011)
3 Default - Tidal
Stream
4000 ;- SR
Technology - 2050 797 71 MARKAL 3.26
T2
3':|[|[| ........ . ....... DE-fELHt _ -l.—ldal
Stream 2010 11525 487 MARKAL 3.26
Technology -
2000
T2
it - Tl E“a;n“:hﬂum_“mﬁm Range 2000-2050 797-11525 22-487
0
O 50 100 150 200 250 300 350 400 450 500 7
Opearating cost (excluding fual) E{2010VkWpaak NDTES
Change chart to show capital costs against time WHAT SHOULD BE INCLUDED IN THIS CATEGORY?
WHAT SHOULD BE EXCLUDED FROM THIS CATEGORY?
HOW ARE THESE COSTS USED IN THE 2050 PATHWAYS
MODEL?
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The cost to society of vour pathway. This is not your energy bill. For comparison, UK average GDP 2010-2050 is fore:

NB Some costs not on default values

Persomn.
Approximate energy syste izt today The extra cost to society of your pathway above that of the 'Doesn’t tackle climate change [All level 1) pathway (mean undiscounted real po
PO &,000 10,000 15,000 20,000 25,000
Your pathway
Your can click on the chart to make a more 276 less to 238 more

detailed companson with the pathways below : 2

Analogous to Markal 3.26
Cost-optimising modeal based. M of supphy
sources. Ambitious demand reduction.

604 to 142 less

Higher renewables, more energy efficiency
Renewables largest supply componeant. Yeary
ambitious demand reduction. Lots of storage.

413 less to 29 mone

Higher nuclear, less energy efficiency
Lots of nuckear. Moderate energy demand
reduction. Minimal renewables.

56 less to 45T more
7

Higher CCS, more bioenergy
Lots of CCS and biomass co-fiing.
Ambitious demand reduction

135 to 590 more

7

Friends of the Earth
Ganeration from wind, manna renewables and
hydro. Ambitious demand reduction

349 less to 133 more

Campaign to Protect Rural England
Offshore renewables, solar, geothemal and
alectrcity impors. Ambitious demand reduction.

502 to 9 less

Mark Brinkley
Marine renewabla, geothermal and algas
supply. Some nuckear and CCS. i

62 less to 310 mone

Mational Grid
Wide range of generation sources. Modearata
demand reduction. Considerable bioanarngy.

295 lass to 64 mone

Atkins
Enargy from a range of sources. Emphasis
an UK self-reliance.

Dioesn't tackle climate change (All level 1)
Imported natural gas for electhcity and heat
Imported oil for vahickes.

This pathway does not reduce emissions by at keast B0% on 1990 levels



The cost to society of your pathway. This is not vour energy bill. For comparison, UK average GDF 2010-2050 is forecast to be roughly £35000 per

e5
—  PErson.
nengy syste izt today The extra cost to society of your pathway above that of the 'Doesn’t tackle climate change [All level 1) pathway (mean undiscounted real pounds per person per year 2010-2050)
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000

e 276 less to 238 more

alow : o

oy 604 to 142 less

BNCY

Jary 413 less to 29 more

rEgE.

o 06 less to 457 more
i

135 to 590 mare

7

= and 3449 less to 133 more

and 602 to 9 kess

uction.
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7
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The cost of your pathway, compared with other pathways. This is not your energy bill.
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Choose comparison'¥

Your pathway

Your can use the char beklow to see how
sansitive it is to different cost assumptions

Diesn't tackle climate change [(All level 1)
Impornted natural gas for elactricity and heat

Imported ol for vehiclas.

The biggest costs in your pathway

Hybrd cars and buses |

Domestic heating =—_
|

Comeastic insulation -

The cost of your pathway compared with another, allowing simple variation in cost estimates.

1,000

2,000

3,000

4,000

Some costs are uncertain, thersfore yvour pathway could be betweaen

I The cost in your pathway

I The costin "Doesn't tackle climate change (Al leval 17

t=——= Tha range of cost astimates

Conventional cars and buses s N

Finance cost

m——
OF —

.

Electric cars and buses =

Ga:
Domestic freight =-

Muclaar powear -E

%

Industrial procasses =

S

Waste ansing

9,000

-m

The mean cost to scciety of the whole energy system in undiscounted real
&,000 9,000

6,000

7,000

£2T6/parson/year chaaper and

£238/personiyear more axpansive

Hiee assumptlions

Hiee assumptlions

Try different cost scenarios

Cheap
Chaap

Mone

Hiee assumplionk

Hrabbl

fies assumplions
Hiee assumptlions
Hiee assumptlions
Hiee assumptlions
Hiee assumptlions
Hiee assumptlions
Hiee assumptlions
Hiee assumptlions

Hiee assumptlions

Cheap
Chaap
Chaap
Cheap
45pftham
Chaap
Chaap
Chaap

Chaap

Default
T3 raal
$130/bbl
Default
Default
Default
Default
TOpftham
Default
Default
Default

Cafault

Expensive
Today's cost
10% real
$1T0/bk
Today's cost
Today's cost
Today's cost
Today's cost
100 p/therm
Today's cost
Today's cost
Today's cost

Today's cost

10,00

[resat)
Lincertain
Lincertain
Lincertain
Lincertain
Lincertain
Lincertain
Lincertain
Lincertain

Uncertain
Uncertain
Uncertain

Uncertain
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Accueil > Vers une Wallonie Bas Carbone en 2050 > Qutil de simulation < Vous étes ici
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Design your own energy pathway

for India till 2047

The India Energy Security Scenarios, 2047 Quick Links

The IESS, 2047 is housed in the Energy and Research Division of the Planning Commission; and has
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been developed as an energy scenario building tool. The guiding ambition of this is o develop energy reflect on the implications of his

pathways leading up to the year 2047, exploring a range of potential future energy scenarios for India, chosen pathway on carbon dioxide
across energy supply sectors such as renewable energy, oil, gas, coal, and nuclear, and energy demand emissions, as well as land-use and
sectors such as transport, industry, agriculture, cooking, lighting and appliances, etc. The outcomes of e

this model also evaluate carbon dioxide emissions, and land-use implications for different energy ... Read more >>
scenarios.

Take a deeper look inte the
components of the IESS, 2047.

7 ™ ' ™ ... Read more >
et the Downloadable Excel Model Explore the Interactive Web Version
The IESS, 2047 allows the user to pick

_-’m' _ e e e

| =_ i — - from a variety of supply options in

| i e fm :_ ! ! s _-‘ order to meet his/her chosen levels of
....... : - | EE I | & i

| L g -l A == el

"-. R F— y \ — L £ b ) ... Read more ==




2050

KRFFE

4C4wwﬂ
-~
"
A
Yy
b
fy
I
L
=
e
=
|
+
|
T
p |
|
Wl
b
[#a]
[ma)
=
HE
I
A
=l
I
o
4
t
&
f
[ 1]
1]

IRLF—R2EE TRLF— T0—

REIFILF—HR —RIFINF—1is i ZE R AHHE
Wtoelyr OZelyr 20005 (Z19905F tES3% Al
G - 1500 =
1000
1 5;_; 500 - *Er=1' O+
AR B SR8 3 W - Dt
foim T
0 T T T |
0 R 500
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
g P | | E BHET HRBAOE 1 e CO2EUN Bl #5i (CCS) maA R (2]
TR IviarEFERERE~DS I 1 1 IE FT HRBFAOHE T IEE
¥0 T 3wl 3w iERR S iE0EIR |1 |E N 5 BN DS R |1 |E
MERE TR EE - [ IEE FEEim 1 | IR
B E T | ] |E fe b, 77 11 |EEE
EOTzviavimbIvrgm~osx7- RN 2 3] 4 FERA (FE) 1| IEmE
B RE ¢ /ST EER A e ] ] ] E E LR () W3 |4 [ 5
EREOTRLF—HKETE (HEMS) 2 IERE ek B 1 1 |IEE
5 DU 444 HE 1 1 |E Hh 4 52 @ 1 1 EE
% IR B3R OB E 1 1 IE mrhw | I E
% AR RIS OT R ¥ —Hge I
B RS R A R N EREE
=R REBOT T AF —thE 1 1 |E
TR AR SRS 11 |E
WM FEMHEYOTRAE—H— l:’ SR
pl T
iﬁlfflrmﬁmﬁﬁt | 1 |E
— R — b e e P - -



OWVERWVIEW | LIFESTYLE | TECHNOLOGY AND FUELS | LAND AMD FOOD | CLIMATE | COSTS
The Global Calculator vz:
Summary | Energy | Emissions Ar| Ba| == | En| Fr| Hi| F
. Global mean temperatur
Primary energy Final energy Global GHG emissions per year Cumulative CO2 . .
e change in 2100 (in®C)
supply demand 125 . emissions to 2100
8
2,000 observed i projected 7693 GtCo2
: 8000 7
1,750 100 ]
! [P 7000 6 T
1 puEmEn®E
1,500 ! 6000 5
1
1,250 o : =000 -
1
o ' 4000 3
i 1,000 o :
o : 2 1
1
750 25 ! 2000 1
1
500 i —— 0
0 —— @,
250 !
1
1
-25 ' o ]
2011 2050 2011 2050 1990 2010 = 2050 @ 2100 How Is the
temperature change
estimated?

--- Example pathways---
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Powers per unit area of British wind farms, v farm size
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PS10, Solucar

Photo by afloresm
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Ivanpah CA 377 MW capacity Sola Nna AZ: 280 Mw capacity Kagoshima: 70 MW capacity
1079 GWh/y (123 MW) 944 GWh /year (108 MW) expected load factor 12.8%

from 14.2 km* of land from 12.6 km* of land 1.04 km“ of land
Power per unit area: 87 W I~ Power per unit area: 86 W M Power per unit area: 86 W m
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Wind 2.5W/m?

Plants 0.5W/m?
Solar PV panels 5—20 W/m?
Tidal pools 3W/m?
Tidal stream 8 W/m?
Rain-water (highlands) 0.24 W/m?

Concentrating solar power (desert)  15-20W/m?
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6750 m? | 0.6750 hectares / 0.006750 km? | 7.265e+4 f? | 1.668 acres | 0.002608 g
60 kWh/d 60 kWh/d
44 m* 420 m?
13kWh/d 13kWh/d
44 m?> 420 m?

54 W/m? = 5.7 W/m?

12 W/m? — 1.2W/m?
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Homes «|A|B|C|D|E|F| G

European average | 3 1V m”
my house, before IIIEG—G———— 21 W/ m?
my house, after I———— 7.1 W/ m*
the Heatkeeper house IE_—_—_——12.2 W/m?>

Offices 112 kWh/ v /m? benchmark for offices
UK service sector I I 3 W/ m”
DFID 167 kWh /vy /m?® university arts benchmark 43 W/ m*

Home Office
NEF office IS 7 4W/m® | 265 kWh/y,/m? science lab benchmark
Elizabeth Fry bldg, UEA n 11 W/ m>
Cambridge University m
Old Schools ——
Rutherford building
Law Faculty i 22 W/ m”
Gates Building I 25 W/ m?

0 5 10 15 20 25 30 35 40 45

Power per unit floor area (W/m®>)

A5 W/ m?2

37 W/ m©
B 34 W/ m?
36 W/ m?

Old Schools Ruthertord building Law faculty Gates building



Every little helps

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



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-CHFP and boiler emissions for cluster scenarios
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Something must be done!

Two reasons to joi
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This book is free online

THE ECONOMIST

CORY DOCTOROW,
BOINGBOING.NET

- David JC MacKay
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Www.wlthouthotair.com



