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Powers per unit area of British wind farms, v farm size

power per unit area (W/sq m)
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To get 1/ kKWh/d per person from wind (on average):
[all UK electricity, today]

One 2-MW turbine for every 700 people
Roughly 60-fold increase over today's UK wind
Area of wind farms: roughly 7% of UK .-
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Plant power per unit area

mf———] wood (commercial forestry)

—f i rape

= rape to biodiesel

= Maize

r—] SUZAT Deet

—] SH Ot TOtation coppice calorific value
=] lenergy crops calorific value
m———f———] miscanthus to electricity

] SWitchg@rass

4 corn to ethanol

- Wheat to ethanol

=f—={jatropha

— I tropical plantations (eucalyptus)
O 1 2 3 4 5 6 .7 8 910 1.5 1.8

power density (W/ m?)

* assumes genetic modification, fertilizer application, and irrigation
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All renewables are diffuse

POWER PER UNIT LAND AREA

Wind 2.5 W/m?
Plants 0.5 W/m?
Solar PV panels 520 W/m?
Tidal pools 3 W/m?
Tidal stream 8 W/m?
Rain-water (highlands) 0.24 W/m?

Concentrating solar power (desert) 1520 W/m?
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To make a difference, renewable facilities have to be country-sized
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File Edit view Go delicio.us Bookmarks Tools Help [H]
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writing or by the eohject button on
the wehsite.

Important

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

A consultation exercise In full swing
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How to get the UK off fossu fuels

E
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Transport, Heating, Electricity . / y g

Electrify all transport - 5.

- Jj. B e e b .'I:'-'T-."L'-:a-.' - .=':

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

» (some combined-heat-and-power

where low-carbon fuel available)

Our renewables

Nuclear? (stop-gap?)
'Clean coal'? (stop-gap)
Other people's renewables _
Storage + interconnectors, to match supply to demar T

Research and innovation e aE - L” .
Public and political engagement S g PTG -
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All energy Electricity Flows Area Story Example pathways m e

UK energy demand UK energy supply UK greenhouse gas emissions
TWh/yr of final ener TWhyyr of primary ener MECO2e/yr
4000 Y 9y 4000 v P Y L 1000 4l
3000 3000
500
2000 2000
. n
1000 1000
0 -500
2010 2050 2010 2050 2010 2050
Domestic transpor behaviour Ellzl 3| 4 ﬂ Muclear power stations - 2 3 ﬂ Geosaequestration - 2 3| 4 ﬂ
Domestic ransport lectrostion [N « |H CES powerstations Laflz] i 2050 emissions will be 72% balow 1990 levels.
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 IIlEl 3 L4 ﬂ enable emissions from all sectors to be considarad.
Onshare wind 2] =]+«
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 Enerav securit
Home heating that isn't electic (LA NEN[NEY o || Solar panels for hot water EERER | gy y
Home lighting & appliances EFEE Geothermal electricity HEEEREN Storage, demand shifting &
Electrification of home cooking ‘A B [ Hydroelectric power stations 2] =]+« intercannection .... i
Smalscale wind I ENENEN] If th five cold, almost windless, winter days in 2050
L - are ang cold, almost windlass, winter days in ,
Growth .1 l'Idl._IE-‘tl‘j,l' ) - - - n Electricity imports - - E S ﬂ then up to 27 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 5 4 ﬂ Land dedicated to bioenergy --- 4 ﬂ ) )
cooling Livestock and theirmanagemant --- 4 ﬂ In 2050, 40% 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
sharfall in electhcity supply. Coal, Oil and Natural Gas ams

Save or share this pathway



The 2050 Pathways Approach HANBE

For each demand sector, and each supply sector
lay out the range of what's technically possible
or what might be technically possible

four trajectories

level 1: No effort towards security of supply, energy saving, or climate change
level 2: Effort likely to be viewed as achievable by most or all stakeholders

level 3: Effort unlikely to happen without significant change from current syste

ms

o t1s physically possib slighit bes dlevvel oped < deployed befone S0E0. & lewe

level 4: Effort at the extreme upper end of the believable scale

Build a model of the energy system
- a calculator that computes the consequences of any set of choices (‘pathway’)

Explore which pathways meet goals of
energy security
carbon emissions reductions
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Save or share this pathway



Demand-side options - Transport

Have small frontal area per person

Have small weight per person

Go slowly

Go steadily

Convert energy
efficiently e

& Roberto Neumillerf20% SARHEL
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Demand-side options - heating

. options for energy-saving:

Reduce temperature difference
Turn the thermostat down

Reduce leakiness
Increase CoP of heat-creation

Heat loss |= Leakiness X Average temperature difference

(kWh/d) (kWh/d/°C) (°C)
& - oo
/ Coethecient of performance

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




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
Intamational shipping - ﬂ are wind IIlEl 3 L4 ﬂ enable emissions from all sectors to be considerad.
Onshare wind 12]:=1+ @
Avarage temperature of homes 1 2 3 ﬂ Tidal and wawe 1 2 3| 4 ﬂ
rome insulatian LLLE g Siomass power statians | ENENEN] Save or share this pathway
Home heating alectafication O Saolar panels for electncity 3 4



All energy Electricity

Wind

Flows Area Story

This pathway should meet the UK 2050 climate change target

Tidal

Wawve
Geothemal

Hydiro

Domestic transport behawviour
Domestic transpont elacthfication
Domeastic freight

Intemational aviation

Intemational shipping

Avarage temperature of homes 1 2 3
Haome insulation :
Home heating alectafication

Thammal
genaration

Muclear power stations
CCS power stations
CCS power station fusl mig

Offshare wind

COmshore wind

Tidal and wawe

Biomaszss power stations
Saolar panels for electncity

Example pathways m

Q18

2
EEIEIE EIEIER

101

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




Example pathways Help

Electricity Flows Area

land and sea use in 2050 (positions are arbitrary) - Nustration of the number of thermal power stations in 2050 (scales and positions are arbitra
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All energy

Electricity

Flows

This pathway should meet the UK 2050 climate change target

w |

Nustration of scale of land and sea use in 2050 (positions are arbitrary)

Biocrops
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i y .
Solar themmal
. 4. Hydm@3
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-
=
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Offshore wind
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| Tdal stream
@ Tidal range
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33 x1.2 GWcoal gasao

15 %

Ma:zamium demand, no supphy

Mazxamum supply, no demand

1 Spread effort
2 Low energy demand: a

3 Low enarngy demand:
indrviduals

4 Low energy demand:

businessa
5 Elactrfy a
& Ebactnfy a
X¥oEpt transport
olid biofuel focus

O Liquid biofusl focus

11 Renewable genaration

12 Offshore renewable

genaration
13 Mucdlear generation

14 CCS generation

18 Microgeneration
1T Hadging stratagy
Friends of the Earh

Campaign for Protection of
Rural England

Prof Mick Jenkins

Mark Brinklay

Mational Grid

Energy Technologias Institute
Atkins

Mark Lynas

Save or share this pathway




- Dnshﬂ’f_- wind ,_i_’m 3 TWhie) /v
Innovation needs (top 6) for the UK Offshore wind
. 184 TWhie)/y _
Hydreelectric: 7 TWhie)/y
Wave: 19 TWhie) /v
- Tide: 10 TWh /v
Eﬂ:ICIGHCY Geothermal: 7 TWh(e)/y
building insulation Solqr PV: 60 TWh(g)/y
. . Solar HW: 19 TWh/vy
vehicles (electric and hydrogen?) Pumped heat
. 234 TWh/ v
Wlnd Micro wind: 1 TWhie)/v
Biomass imports: 70 TWh/y
Heat pumps | |
Biomass:
Biomass- and waste-to-good-things 24 TWh/y
Carbon Capture and Storage -
Marine algae; 4 TWh/y
Energy Storage rucmpm
electricity storage oIy
interconnectors; smart demand-management -

seasonal heat stores

ML el
| - |
I3TWh/y

2050-calculator-tool.decc.gov.uk



What we need for most 2050 pathways

L . Electric vehicles
Amazing insulation I ———

batteries
capacitors

Smart meters and smart
controls that induce
behaviour change

and cheap building-retrofit

C‘l‘lShﬂ’.‘_\E wind: 53 flfﬂhw]f v

| Mtshore wind
184 TWhie)/y

Hydreelectric: 7 TWhie)/y
Wave: 19 TWhie) /'y
Tide: 10 TWh/y
Geothermal: 7 TWhe)/y
SGIEML?N ¥

Solar HW: 19 TWh/vy

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/v
E‘riomalss imports: 70 "ll'"‘.-"'u"hf V

Biomass:

224 TWh/y

Marine algae: 4 TWh/y

uclear power
275 TWhie)/y

ML el
| - |
I3TWh/y



Read your meters!

gas used (1000 kWh)
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Efficiency in the offing

Electricity
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IS there anyone there?
do they feel ok?




What we need for most 2050 pathways B

184 TWhie)/y
Hydreelectric: 7 TWhie)/y
Wave: 19 TWhie) /v
Heat pumps that work Tide, 10 TWh/y

Geothermal: 7 TWhie)/y

SGIEM&[’F ¥
ECO CUTE Solar HW: 19 TWh/y

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/v
Biomass imports: 70 "ll'"‘.-"'u"hf V

Biomass: ‘

224 TWh/y

Marine algae: 4 TWh/y

uclear power
275 TWhe)/y

R:AVITY " o

TANKMAN

ML el
| - |
I3TWh/y



Heat pumps

NIBE F1220 and F1240

AB33 8DR
AB43 TLX
AB43 BXT

Fadiators

Calorex 3.5 kW GSHP
460FALU, 462MEW, 465BCU

‘,Luungn Temo
"'Hn:l"n-ur" Temp

‘Emdwmﬁ'

H — Heat meter

T-"T piece with pocket
for temp sensor.

E - Electricity meter,

e

El

Electricity supply
T heat pump unil

GROUND
SOURCE

‘ *.meuw1hww

T - "T" piece with pocket for sensor.
H — Heat meter.
E - Electricity meter.

E1

Heat
Pump

' Ground Source

r';"‘“—*
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To heat pump wnd
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261 kWhie)

Total H= 15514 kWh
TotalE= 5111 kWh
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JunOg9
|

Julog
|

| | | | | a

Jantd Febili MMario
| | L g

Augog Sepla Chets MNovio9 Decid
| 1 1 | 1

108 kWhie)

TotalH = 3701 kWh
Total E= 1763 kWh
Total HiTotal E= 210
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Standards for
Heat-pump Installations

Chris Wickins and
the Microgeneration Certification Scheme
Heat-pump Working Group

e, T T T T
= e ag el B e e e e D
&+ Cabil nlin Dl Evpuriaors s Ml o 4 | P el
. 5 h|-—|—|-':.-::-_—-—--|"— :..'-'“_::'::'F" :?:-lluf:‘::ﬂ--'-h-— ="-‘.'-.'::iﬂ?‘i'_" gt
R ’ i - B Tt L g e | i e
W ——— ..."‘:'EE.:; | Macomum power 10 be extracted per unit length of borehole heat exchanger (Wim) with
L] L] ¢
e ’ 2400 FLEQ ran hours
. o e i et B L g e v ] e ey e Pl e
f[]r Dnmeshc Heat Fumps. AT e e b = T o= prarerrnrs Benebeiie spury iy 50 Ve Sonrfaie e areeed © o e ool appdeale bor @ e rearmb oF w8 el aera
& e D ] Table crrated ssmamereg B0 bonshuobe cimarier wngi L-buba X O SDR-19, IPE 100 pipst weh Surmal condiectvily = @ 00V ST fsps D fips D
o ot et s e et e i et F Mm.mmimw::mmhazmn?nmmm:rnrrwwﬂmmmum
aal pampa can proveds low-car'tan beal for dwsilogn. Pl & ‘ —_— . LEL ; v e ¥
b s e opbmesed o] Low-tempe b Sea® pmltern B n e b Maat
e Lt v e B, 18 Thel L B bl 1ap i pewlle e nnd T R e e Vi T P Iy e A b e
“wﬁ‘l-ﬂ-iﬂ.rﬂliﬂﬂ intel | Ewr el B E 3 35 40 a4 48 53 57 82 B n
o e Pempatuture Tlar ba mlrate bow pitoas! (b progeasd 1 4
ﬁuuh-.hummh e gk & highat hmmbat ol 3 Bl
it Thet Suine 15 6 dlari. Mare sl bt e grem wheivh Lot i oovlind
Trmaet bt v e arked Slincke 5 Pl SR o BEGR 1 Sl i Pl Pt % = ; 2 H L 30 43 46 80 By L &2
]
e T W peadated (s e i =
Sk . M e e Bl bl e N SR T Ii o FH) 25 Fi 12 a5 ag 41 44 47 &1
R ] m:;—::f::w—hﬁ: | T2 ¥ -]
i M o e B T : T#
T S w S il & e e r
= T T - - ¥ R 18 21 23 25 27 30 32 34 37
e E =t e r
ey | feeme e RS - 2
AP R A . Sk, . 4 e el |
Ssue H¥TA b e e e -

e, S Eapad P e i N
S e LAt mpE Lee By Lamlrmr nkr wed maewem

HHIb UHM.&. SRS LA SRR | ] R ——— E
h__p.__.,"_..uu_._n_‘ﬂ_.-*hu-1rl—rﬂirlr-"bnr| ]

g SR U e

-

Faun: pround cemparavers (Cp

HEHT Y

haue 1.0 (OO0 1) Huan gnrvgdd abr [nmparaiuee for WE mepiamm ") E

ig e e B & oo " "
!i



What we need for most 2050 pathways B

184 TWhie)/y
Hydroelectric: 7 TWhie)/y
Wave: 19 TWhie) /v
lide: 10 TWh/y
Geothermal: 7 TWhie)/y
SGIEML?F ¥

Solar HW: 19 TWh/vy

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/v
E‘riomalss imports: 70 "ll'"‘.-"'u"hf V

Biomass:

224 TWh/y

Floating Wind Marine algae: 4 [Wh/y

Turbine Concepts uclear power
275 TWhe)/y

-\ g A

ML el
| - |
I3TWh/y




What we need for most 2050 pathways B

184 TWh(e)/y
Hydreelectric: 7 TWhie)/y
) Wave: 19 TWhie) /v
Biomass-to-good stuff Tide: 10 TWh/y
Geothermal: 7 TWhe)/y

Waste-to-good stuff Solaz PV: 60 TWh(e)/ y

Solar HW: 19 TWh/vy

what are the best uses of biomass?

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/v
E‘riomalss imports: 70 "ll'"‘.-"'u"hf V

Biomass:

224 TWh/y

Marine algae: 4 TWh/y

uclear power
275 TWhie)/y

ML el
| - |
I3TWh/y



Pyrolysis -

converting municipal

waste to gas
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C‘l‘lShﬂ’.‘_\E wind: 53 flfﬂhw]f v

What we need for most 2050 pathways Offshore wind

184 TWhie)/ y

Hydreelectric: 7 TWhie)/y
. . . Wave: 19 TWhiel/y
Proliferation-resistant, safe, low-waste nuclear power Tide: 10TWh/y

Geothermal: 7 TWhie)/y

SGIEML?” ¥

Solar HW: 19 TWh/y

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/y

Biomass: ‘

224 TWh/y

Marine algae: 4 TWh/y

275 TWhie)/y

‘ﬂucl&ar power

Smart grids
Interconnectors and storage TETWhY

Biomass imports: 70 "ll'"‘.-"'u"hf V



Transport, heating, electricity; wind
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Pumped storage
Dinorwig - 10 GWh energy; 2 GW maximum power




Seasonal heat stores

Especially for old buildings










Seasonal heat store, solar panel, and heat pump

7




Seasonal heat store, solar panel, and heat pump

7

i




Seasonal heat store, solar panel, and heat pump

6-month diffusion length of
heat in rock is about 6m.

A 20-m cylinder, radius 6 m,
can store 24 kWh/d * 6 months
with a temperature increase of 3.4 C
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Seasonal heat store for community heating

* how it waorks

the homes

* solar collection

district heating
system

" energy centre

* borehole thermal

energy storage

* yiew DLSC

animation

DLSC brochures

" reports

home | about DLSC | news | awards | photos | partners | links | contact us

The Drake Landing Solar Community (DLSC)
Is a master planned neighbourhood in the
Town of Okotoks, Alberta, Canada that has
successfully integrated Canadian energy
efficient technologies with a renewable,
unlimited energy source - the sun.

The first of its kind in North Amernica, DLSC 15
heated by a district system designed to
store abundant solar energy underground
during the summer months and distnbute the energy to each home for space
heating needs during winter months.

The system is unprecedented in the Waorld, fulfilling ninety percent of each
home's space heating requirements from solar energy and resulting in less
dependency on imited fossil fuels.

The Government of Canada and its Canadian industry partners are proud to
showcase Canadian solar thermal and energy efficent technologies in this
one-of-a-kind community.
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Two-storey
single-family homes

N

Detached garages with
solar collectors on the roofs

Solar
collector loop

v

District heating loop
(below grade) connects
to homes in community

Energy Centre
with short-
term thermal
storage tanks
Borehole seasonal

(long-term) thermal
storage






Barehaoles

LI\

B Hot water
B Cool water

[
To >
]

Energy &
Center

\*— Outer edge of sand fill, insulation
and polyethylene sheet.

roughly 1 GWh(th) - roughly 100 kWh/d per dwelling, for 50 dwellings, for 100 days
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International energy trade




What we need for most 2050 pathways B

184 TWhie)/y

Hydreelectric: 7 TWhie)/y
Waye: 19 TWhie)/y
Bac kup plans Tide; 10 TWh/y
Geothermal: 7 TWh(e)/y

eqg, in case low-cost electric vehicles don't materialise Solaz PV: 60 TWh(e)/y

- hydrugen Solar HW: 19 TWh/y

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/v
E‘riomalss imports: 70 "ll'"‘.-"'u"hf V

or in case climate sensitivity turns out bigger than expected ;m
¥

» geoengineering research -

Marine algae: 4 TWh/y

275 TWhie)/y

‘ﬂucl&ar power

ML el
| - |
I3TWh/y




Novel heat pumps




Novel storage technologies

30 GWh
Equivalent
Capacity

Isentropic's storage schematic 2MW, 16MWh
pumped heat electrical storage



Energy storage in underwater wind bags?

)

Seamus Garvey



Novel wind turbines

1

Seamus Garvey
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- Dnshﬂ’f_- wind ,_i_’m 3 TWhie) /v
Innovation needs (top 6) for the UK Offshore wind
. 184 TWhie)/y _
Hydreelectric: 7 TWhie)/y
Wave: 19 TWhie) /v
- Tide: 10 TWh /v
Eﬂ:ICIGHCY Geothermal: 7 TWh(e)/y
building insulation Solqr PV: 60 TWh(g)/y
. . Solar HW: 19 TWh/vy
vehicles (electric and hydrogen?) Pumped heat
. 234 TWh/ v
Wlnd Micro wind: 1 TWhie)/v
Biomass imports: 70 TWh/y
Heat pumps | |
Biomass:
Biomass- and waste-to-good-things 24 TWh/y
Carbon Capture and Storage -
Marine algae; 4 TWh/y
Energy Storage rucmpm
electricity storage oIy
interconnectors; smart demand-management -

seasonal heat stores

ML el
| - |
I3TWh/y



UK support for Energy Research + Development

----------------------

ICT Manufacturing

Bioscience M anotech,

_ Materials Electranics

Carbon Trust

Integrated cormmmercialisation attyites
Foross the full inrovation joLrney

Research
Councils

[+ %)

L3 e.on
E q..'-h.
. !.’.-":E.'} E Rolls-Royce @

e A

rid
|
|
|
|

ETI Unigre scale and capacidy of
industrizl rembears

TRL Technodogy Readiness Level



Pathway alpha - supply side

Primary
energy
consumption:
2740 TWh/y
Gas:
1060 TWh/y
Electricity
consumption:
Nuclear heat:
16ATWh/y 380 TWhie)/y
2007

‘.}1%5

g
HVDC power lines

Dnshﬂrr_w‘.ncl:_iﬁ_’mmdﬂ {y

| Mtshore wind
184 TWhie)/y

Hydreelectric: 7 TWhie)/y
Wave: 19 TWhie)/y
Tide: 10 TWh/y
Geothermal: 7 TWh(e)/y
SGIEML?N ¥

Solar HW: 19 TWh/vy

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie)/v
E‘riomalss imports: 70 "ll'"‘.-"'u"hf V

Biomass:

224 TWh/y

Marine algae: 4 TWh/y

uclear power
275 TWhie)/y

ML el

BTWh/y



2008, USA

Wind:
42 kWhid
Wind:
0.5 kWh/d
Solar electricity:
0.008 kWhid Geothermal: 0.9 kWh/d 20 50 '9
Hydro: 2.3 kWhid : C
C | Biommass:
MNuclear heat: 10 kWhid
22.5kWhid
Muclear:
| 7.4kWhid Nuclear:
. 42 kWh/d
il for
electricity:
1.3 kWh/d
Natural gas ||
for electricity: II
19 kWhid ||
More Oil: Biomass:
| 105 KWh/d 42 kWhid
I
I
I
Coal:
61 kWhid More
MNatural gas:
Electricity 44 kWhid
from fossils: . .
Solar in deserts:
27 kWh/d 12 KWhid
inputs to - delivered non-electrical energy use —
electricity electricity chemical energy and heat
power stations (37 kWh/d total)
Total Electricity consumption is 37 kWh/d/p - of which coal delivers 18 kWh/d/p




| }
2100 GW of wind (60-fold increase)
525 one-gigawatt nuclear power stations (five-fold increase)



Personalized

One 2-MW turbine for every 300 people

Wind:
42 kWhid
7 nukes for LA
5 nukes for Chicago
4 nukes for Houston
N 2 nukes for San Diego

42 kWhid 1 nuke for Denver CO
1 nuke for Boston MA
1 nuke for Las Vegas NV
1 nuke for Portland OR...

4000 sg m per person

Biomass:

42 kWhid

Solar in desetts:

42 kWh/d 30 eSolar mirrors per person; &

one tower for every 400 people




Innovation needs (additional) for the world

Solar power

Deep geothermal

Proliferation-resistant, safe, low-waste nuclear power

T e B e Tuw- "R T o : ! .'




www.stirlingenergy.com

Concentrating solar

i |

= Each blob: 1500 sq km;

o ’ 44km diameter;
10 GW if 50% solar farm, at 15 W/sg m.

100 TWhiyear



140 kKWh/d
peak 25 kW

Concentrating photovoltaic by Amonix - Photo by David Faiman.
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1000 km

o o ] .
2 o © Algeria °© 4 o Lbya
°F 9 g ° o Electricity imports:
© © = ' 140 TWhie) /v
g A0TWhie) /v 70 TWhie)/'y
R . o .- |
\ Mali LEVEL 2 LEVEL 3 LEVEL 4

2050 2050 2050

Onshore wind: 53 TWh(e) /y

| Mtshore wind
184 TWhie)/y

Hydreelectric: ¥ TWhie)/y
Wave: 19 TWhie)/y
Tide: 10TWh/y
Geothermal: 7 TWhie)/y
Solar PV: 60 TWh(e)/y

Solar HW: 19 TWh/y

Pumped heat:
234 TWh/y

Micro wind: 1 TWhie) /v

Biomass W orts: 70 TWh/y

Marine algae: 4 TWh/y
uclear power

275 TWhie)/y

33TWh/y



Geothermal
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Nesjavellir, Iceland
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Average geothermal electricity
generation in lceland in 2006
was 300 MW (24 kWh/d/person)
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Geothermal

i a— } LI o SPHERE

5
¥ Temperature

crust

40 km

0 GO0C

1400C
¥

100-200 km

Depth ¥

'Hot dry rock’

5 km




D

B - 240 °C i
B 200 - 240 <C

© I 180 - 200 °C
=~ [ 160 - 180 *C
B 140 -160°Cc |
Ciz0-140°C -
[ 1100-120°C
[ Iso-100°c ¢
- [Je0-a0-ec

s <mne
) [ 1 unknown

4

!

Figure 3-8: Temperature at 5000 m Depth for Hot Dry Rock Geothermal Power Technology /BESTEC
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Utah geothermal plant runs into cold-water problem

Geothermal plant's cold water means it buys nearly as much power as it makes.

By Steven Oberbeck
The Salt Lake Tribune

Updated: 09/18/2009 08:07:32 AM MDT

Raser Technologies Inc. long has boasted 1ts new Hatch geothermal
power plant near the west-central Utah city of Beaver would launch a new
era of energy production -- one in which electricity would be produced
from low-temperature underground water that wasn't viewed as hot enough
to produce power.

Yet six months after Raser flipped the switch on the plant and began
generating power, the company 1s buying almost as much electricity to keep
the place mnning as the plant is producing,

The problem: The plant can't operate at full capacity because its
production wells are producing geothermal water that 1sn't hot enough, even
though 1ts temperature is higher than the 180 degrees Raser imtially said it
would need.

Click photo to enlarge

Fipefitter Rod Hooley prepares to work
hot water... (Steven Oberbeck/ The Sa
Lake Tribune)
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Swiss geologist in quakes trial

The head of a geothermal energy company has gone on trial in Switzerland accused of
damaging property by triggering earthquakes.

Markus Haering's company had been working with the authorities in Basel to try to convert the heatin
& deep-seated rocks into electricity.

But the project was suspended in 2006 when drilling triggered the quakes.

il They caused no injuries but led to $9m (£5 .54m) of damage. Mr Haering deniet
property.

The project was shut down permanently last week after a government study found that similar quakes caused by tf
millions of dollars worth of damage each year.

Major fault line

Appearing in court in Basel on Tuesday, Mr Haering rejected allegations that he deliberately damaged properties
were aware of the risks.

He said those involved had "very little knowledge of seismicity” before drilling began in the Petit-Huningue area of i ; ,.,. L ..n
But the project leaders had an emergency plan and "every minute, we knew what was going on and were able to
One of the earthquakes generated had a 3.4 magnitude.

The Swiss government report concluded that if the project had been allowed to continue there was a 15% chance of it triggering a quake
powerful enough to cause damage of up to $500m.

However it was unlikely to activate the major fault line that runs beneath Basel which led to a huge quake that devastated the city in 1356.

Mr Haering faces up to five years jail if the judge finds he intentionally damaged property. A verdict is expected next week. v




Google-backed Geothermal Startup Suspends
Drilling Project

Katie Fehrenbacher 1 Comment EB ‘ ﬂ I..:'!I9

A project that was supposed to show the
potential of turning the heat from hot rocks
deep in the earth into a clean power source,
from a startup backed by Google.org, Kleiner
Perkins, Khosla Ventures and the
Department of Energy, has hit a snag —

ALTAROCK

ENERGY INC literally. Geaothermal startup AltaRock Energy
said yesterday that it has "encountered a
number of physical difficulties,” while drilling at a site in Northern California, or as the New York
Times put it, the drilling snagged on surface rock farmation. As a result, the $17 million drilling
project, which started in June, is being suspended indefinitely, the company says.

It marks the latest setback for AltaRock, the list of which New York Times reporter James Glanz
has been chronicling. It ranges from one of AltaRock's drills not being able to pierce hard rock
deep in the earth, to concerns raised over the potential for earthquakes that occurred during a
similar style of drilling in Basel, Switzerland. AltaRock has raised $26.25 million from Khosla
Ventures, Kleiner Perkins Caufield & Byers, Vulcan Capital and Google.org and won $6.24
million in funds from the Department of Energy.

AItERGEH, founded in EEIEIT, has been betting an a mare advanced form of QED’EI"IEITHEI power
called “enhanced geothermal,” an approach that doesn't require existing steam vents or
stihterranean water snurces Conwventinnal nenothermal eneraov which has heen used for



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 ‘clean coal

And efficiency too of course

I
P

&

ar

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



What we need for most 2050 pathways

Public and political support for a numerate approach

An ever-improving energy model for the UK
coming later:
» COSIS

» a more detailed hour-by-hour balancing model

Example pathways Help
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All energy Electricity Flows Area Story Example pathways m e

UK energy demand UK energy supply UK greenhouse gas emissions
TWh/yr of final ener TWhyyr of primary ener MECO2e/yr
4000 Y 9y 4000 v P Y L 1000 4l
3000 3000
500
2000 2000
. n
1000 1000
0 -500
2010 2050 2010 2050 2010 2050
Domestic transpor behaviour Ellzl 3| 4 ﬂ Muclear power stations - 2 3 ﬂ Geosaequestration - 2 3| 4 ﬂ
Domestic ransport lectrostion [N « |H CES powerstations Laflz] i 2050 emissions will be 72% balow 1990 levels.
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 IIlEl 3 L4 ﬂ enable emissions from all sectors to be considarad.
Onshare wind 2] =]+«
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 Enerav securit
Home heating that isn't electic (LA NEN[NEY o || Solar panels for hot water EERER | gy y
Home lighting & appliances EFEE Geothermal electricity HEEEREN Storage, demand shifting &
Electrification of home cooking ‘A B [ Hydroelectric power stations 2] =]+« intercannection .... i
Smalscale wind I ENENEN] If th five cold, almost windless, winter days in 2050
L - are ang cold, almost windlass, winter days in ,
Growth .1 l'Idl._IE-‘tl‘j,l' ) - - - n Electricity imports - - E S ﬂ then up to 27 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 5 4 ﬂ Land dedicated to bioenergy --- 4 ﬂ ) )
cooling Livestock and theirmanagemant --- 4 ﬂ In 2050, 40% 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
sharfall in electhcity supply. Coal, Oil and Natural Gas ams

Save or share this pathway



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
Intamational shipping - ﬂ are wind IIlEl 3 L4 ﬂ enable emissions from all sectors to be considerad.
Onshare wind 12]:=1+ @
Avarage temperature of homes 1 2 3 ﬂ Tidal and wawe 1 2 3| 4 ﬂ
rome insulatian LLLE g Siomass power statians | ENENEN] Save or share this pathway
Home heating alectafication O Saolar panels for electncity 3 4
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Deployment curves
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Updated after data produced by Prof. Dennis Loveday. "Market penefrafion of energy-efficiency related measures” (2003)
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