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What is UK energy policy?

A Secure
A Affordable
A Low Carbon

A Energy
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Macro context

A Total energy expenditure in 2008:

A £ 121bn of which:

A £ 17.7bn Gas;

A £ 30.7bn Elec;

A £ 71.6bn petroleum (£57.1bn road transport)

A Energy Taxes in 2008: £24.8bn on oils + VAT
receipts + CC Levy (say £30bn in total)
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Macro Context

Energy Expenditure as share of GDP
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Breakdown of Household BiIll

1%

Electricity

Typical amount: £445 Source: Ofgem, Aug 2009
Energy, supply costs VAT @ Meter provision
and margin
@ Distribution Transmission Environmental
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Household electricity prices

Domestic electricity prices
before taxes, Euro cents per kWh

cents/kWh

Ireland 17.9
Belgium 15.8
UK 15.3
Luxembourg 13.7
Germany 134
Denmark 13.2
Netherlands 13.2
Spain 12.8
Austria 12.7
Sweden 11.4
Portugal 10.7
Greece 10.1
Source: Ofgem, Aug 20009. Finland o
France 9.3
[taly NA
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EUA price 25 October 2004-27 September 20!
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UKPX monthly average RPD day-ahead price
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Evolution of UK Gas prices (pence therm)
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Sources of UK electricity generation

Chart 5.2: Shares of net electricity supplied, by fuel input
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Plant Capacity

Chart 5.3: Generating capacity of major power producers 1993-2008
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2008 Memo Numbers

A 177mt CO2 emissions from power stations

A 623mt CO2e, UK economy

A 3939 CO2 per KWh, gas power stations

A 9109 CO2 per KWh, coal power stations

A 0.6 Euro cent per KWh at 15 Euro / EUA for gas
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2008 Memo Numbers

A 1 therm of gas = 14.6 KWh electricity (at 50%)
A 25p per gas therm = 1.7 pence / KWh

A 385 TWh, total electricity production

A 400 TWh, total electricity demand

A 5.5% share of renewable generation

A 2.7p/KWh for CCGT at 25p per gas therm

A (1 TW = 1073 GW = 106 MW = 1079 KW)
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European Energy Policy Context

A 20-20-20 Targets for 2020:

A 20% reduction in CO2e (hard target)

A 20% renewable energy (indicative target)
A 20% reduction in energy intensity  (aspirational target)

A Completion of Electricity and Gas markets (39 Energy
Package)

A Energy Security Directive, Energy Services Directive
et ce

A Reality of patchy implementation
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UK Decarbonisation targets

A UK in 2008 GHGs: -20% relative to 1990
A Kyoto Target: -12.5% by 2020

A 2008 Climate Change Act
I 80% reduction by 2050
I Climate Change Committee
I Five Year Carbon budgeting

I First report. complete decarbonisation of
eleCtriCity by 2030 78 UNIVERSITY OF Elect icity Poli y
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UK Renewables Targets

A UK committed (in draft) to 15% target for
renewables contribution to total final energy
consumption in 2020.

A Currently support regime only envisages
15.4% renewables In electricity by 2015-16.

A 2010 target of 10% for electricity from
renewables.
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Implications for UK Electricity in 2020

30% RES 22.5% RES

B Siorage

# Imports

m Renewabiles
B Muclear

B Gas

ncd

= Coal CCS

Reference projection Scenario 1 Scenario 2 Scenano 3

Sourca: DECC Energy Modal (Scenario 1), SCC modalling [Scenarios 2 and 3)
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Power station emission trends

Table E.1: CO, emissions by source Million tonnes of carbon dioxide
1990 1995 2000 2005 2006 2007  2008p

Power stations 204 5 164 2 158.7 1726 1812 177.3 1713
Other energy industry 320 383 38.0 376 326 32.3 316
Other industrial 114.3 1063 1061 96.5 94 6 934 886
Domestic 78.6 798 856 83.1 79.8 761 80.0
Commercial and public services 251 263 254 226 213 207 208
Agriculture and forestry fuel use 51 5.3 47 45 43 41 41
Transport 122 6 1222 126.7 1319 1336 1349 1316
Other sectors’ 7.8 95 6.2 6.3 2.5 ar a7
Total (excluding net LULUCF?) 2900 5519 5514 9951 5528 5443 5336
Net LULUCF? 29 13 03 19 -18 -1.8 -18
Total (including net LULUCF?) 2929 5531 2911 9032 5511 242 6 5318
Cumulative change since 1990 H7% -7T1% 67% -71% -85% -103%

] - . .
Includes waste, fugitive emissions from fuels.
? Land Use, Land Use Change and Forestry
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Three economic principles

A Carbon externality needs to be priced

A Subsidies where exists learning effect

A Net and gross cost effects significant
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Nuclear?
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Nuclear: Pros

A Delivers large blocks of decarbonisation

A Only historically proven (France and Sweden,
though UK gas experience does get close)

A Build and forget
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Nuclear: Cons

A Public / protestor anxiety

A Nuclear proliferation issue

A High upfront cost (£3bn+ per plant)

A Liabilities large (UK: £80bn; £2.8bn p.a.)

A Costs vary significantly on:
I Upfront cost
I Build time
I Discount rate
I Operation efficiency ) LIVERSITY OF | Hacrricty Poley
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Nuclear cost sensitivities

Table 3: Studies of comparative costs of new generating plants

MIT (2003) DGEMP (2003) T&L (2003) RAE (2004) UofC (2004) CERI (2004)
3 euros euros £ % Can$

Capital Cost per kW

MNuclear 2000 | 280 1900 1 150 1500 2347
Gas 500 523 600 300 590 711
Coal 1300 | 281 860 820 1189 1600
Construction period - years

Muclear 5 5 5 5 5 5
Gas 2 2 2 2 2 2
Coal 4 3 3 4 4 4
Cost of capital or D rate %o

MNuclear 1.5 8 5 7.5 12.5 8
Gas 9.6 8 5 7.5 9.5 8
Coal 9.6 8 5 7.5 9.5 8
Gas price 3.50/MBTU 3.30/MBTU 3.00/GJ 2.18/G] 3.39/MBTU 6.47/Mcf
Electricity price per MWh

MNuclear 67 28 24 23 51 53
Gas 38 35 32 22 33 72
Coal 42 34 28 25 35 48
Electricity price, nuclear= 100

MNuclear 100 |00 100 100 100 |00
Gas 57 | 25 133 96 65 |36
Coal 63 | 21 117 109 69 89

Sources: see Appendix
o .8 UNIVERSITY OF | Electricity Policy
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Carbon Capture and Storage?

5.CO; storage sites
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CCS: Pros

A Delivers substantial decarbonisation

A Qil, gas and coal going to be substantially used
A A bridging technology

A Applicable in US, China and India
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CCS: Cons

A Energy inefficient (10-40% energy penalty)
A Capture inefficiency (only 80-90%)

A Untried at scale

A Public acceptability issues

A Cost substantial (adds 1.5p / KWh +)

A Does not address energy security issues
A Only a stop-gap
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Renewables?
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Renewables: Pros

A Clean, green and sustainable

A High potential in the UK

A Strategic deployment leads to learning
A Some technologies now well developed
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Potential for Renewables in UK

Technology Category | Technology Detail Annual Potential

Wind power Onshore 50 TWh
Offshore 100 TWh

Bioenergy Biomass 41 TWh

Geothermal Ground source heat |8 TWh
pumps

Hydro Large scale 5 TWh
Small scale 10 TWh

PV Retro fitted and >1 TWh
Building integrated

Marine Wave energy 33 TWh
Tidal barrage 50 TWh
Tidal stream 18 TWh

Total ~316 TWh
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Renewables: Cons

A Issues of scalability

A Intermittency and blackout risks

A Costs of some technologies prohibitive
A Grid enforcement and backup expensive
A Costs of support high and rising
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Costs of different renewables

A Onshore wind: 4.7 -8.9 p/KWh
A Offshore wind:  6.1- 9 p/ KWh

A Tidal Stream: 9-18 p/ KWh

A Severn Barrage: 10.4 - 31.7p / KWh
A Wave: 12 - 44 p /| KWh

A Domestic PV 65p / KWh

A Sources: Jamasb et al., 2008, BWEA, DECC, Solar Century

5.5 UNIVERSITY OF Elect icity Polic y
¥ CAMBRIDGE | Research Gro

Www.eprg.group.cam.ac.uk



Demand Reduction
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