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largely fossil fuelled world...

= Fossil fuels dominate the global energy mix although
F renewables have key role in some, mainly developing,

countries
World Primary Energy Demand by Fuel in the
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Regional issues with oil & gas, plentiful coal ...
and we are unlikely to run out of fossil fuels
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..before global warming concerns dominate
Australian and NZ vulnerability (IPCC WGII, 2007)
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.... and possible emission trajectories

= Note high ‘price’ of delay = ... current trajectory
— Waiting 20 years to act exceeds the ‘worst
requires emissions to fall case’ IPCC scenarios

3-7 times faster to a from TAR
lower level

10
70 —e— Actual emissions: CDIAC
Stern Review, 2006 —o0— Actual emissions: EIA
0 _ ) 9 —— 450ppm stabilization
A \ o — — 650ppm stabilization
+ 0] — A1FI
g %0 —" = 8 —niB
& | _% —_— i;T
40 = *-..- N T
% N \ € 7 —B8i
L) i}
£ 30 =N - o
w 8 5 S
kS 2075 High Peak - 1.0%/yr T
% 20 4+ ——2020 High Peak - 2 5%/yr (CSIRO, 2007)
o ——2030 High Peak - 4.0%/yr
=——=2040 High Peak - 4 5%/yr (overshoot) 5 T T T
10 19 - - 2020 Low Peak - 1.5%/yr
- - 2030 Low Peak -2.5%Nyr 1990 1995 2000 2005 2010

= = = 2040 Low Peak - 3.0%/yr o 5
I 0 ‘ ' ' ‘ electricity industry 8
2000 2020 2040 2060 2080 2100




Centre for Energy and

Environmental Markets

Abatement options (sterm, 2006)
= Reducing demand for emissions-intensive goods + services
— Energy conservation / frugality

= Increased efficiency

— Particularly end-use efficiency, but also in supply + distribution
— Can save both money and emissions

= Action on non-energy Figure 1 Greenhouse-gas emissions i 200, by
emissions
— Land-use, agriculture, waste AN Industry (14%)
— non-CO2 industrial emissions Power Other energy

(24%) related (5%)

= Switching to lower-carbon
technologies for power,
heat and transport o

— Renewables, Nuclear, Gas (14%)
Carbon Capture and Storage

Waste (3%)

Agriculture
(14%)

NON-ENERGY
EMISSIONS

Buildings
(8%)

Land use
(18%)

Total emizsions in 2000 42 GICO2e.

Energy amissions ars maslly CO, (some non-CO, in mdustry and other energy relaled)
Non-energy emissions are CO, (land use) and non-CO, (agrculture and waste)

YIS 206l 010k olsle i 017 el e (s lgelere | 01001 01=1 110161 | Source:  Prepared by Stern Review, from data drawn from World Resources Institute Climats
Analysis Indicators Tool (CAIT) on-line database version 3.0.
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Key drivers in assessing our energy options

= Their ability to contribute to large, rapid and sustained global
emission reductions while maintaining energy security
— Technical status
= unproven => mature; emerging => widespread
— Delivered benefits

= GHG emission reductions, flexibility, dispatchability
Present costs where known — + possible future costs
Potential scale of deployment

= possible physical, technical + cost constraints
Potential speed of deployment

= time and effort required to achieve scale
Other possible societal outcomes

= eg. other environmental impacts, energy security implications

Status and prospects of key ‘clean coal’ competitors in the electricity industry
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Q - What is Clean Coal?

A - ongoing process of technological progress

= Following path determined by earlier successes
+ evolving policy drivers
— Economic efficiency, Energy security & Environmental sustainability.

= Technology emphasis therefore also evolving
— More efficient use, Cleaner use

— Reduced greenhouse impacts
Carbon Capture and Storage — the key

Aaw COAL CLEAK COAL CLEAR COAL  CLEAN COAL MIDOLINGS

Static 3y Washer at

Thornley Coiiiery, 1934

gwm coat CLEAN COAL MIBOLINGS

NIMMER SKIHMER SKIMMER
[NCLINED | Sromes
STEP CHUTE

PERFORATED STEEL SHEETIRG

Centre for Energy and

Environmental Markets

Our options — technical status

Energy Efficiency | Many off-the-shelf high efficiency options and
considerable potential for technical progress

Renewables Mix of very mature (eg. Hydro) established (eg. Wind)
and emerging (eg. Hot Rock)

Lower emm fossil- | Off-the-shelf CCGT and Cogen plants — micro cogen
fuel techs technologies still emerging

Nuclear Established Generation Il plants, Gen Il designs still
being proven up

Carbon Capture + | Not yet demonstrated at scale and fully integrated for
Storage electricity generation — demonstration projects not yet
implemented

Status and prospects of key ‘clean coal’ competitors in the electricity industry
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Our options — delivered benefits

Energy Efficiency

Renewables

Lower emm fossil-
fuel techs

Nuclear

Carbon Capture +
Storage

Large emission reductions where emissions-intensive
energy, distributed benefits

Very secure CO2 abatement (as fossil fuels), some
potential distributed benefits, intermittency issues
for some technologies including wind

Limited abatement with advanced coal generation but
CCGT & cogen have <50% emissions of coal, good fit
with existing infrastructure, cogen distributed benefits

Reasonable fit with existing infrastructure — existing
plants relatively inflexible operation

IGCC+CCS approx. 20% emission of conv. coal plant
but long-term storage needs to be proved, reasonable
fit with existing centralised infrastructure
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Uncertainty & variability in
estimates

Adapted from various sources
by (MacGill, 2007)

Status and prospects of key ‘clean coal’ competitors in the electricity industry

Centre for Energy and
Environmental Markets

Our options — costs.. now + future

Energy Efficiency | Many options offer net cost savings independent of
abatement value

Renewables ‘new’ biomass + wind costs generally falling but still
significantly more expensive than conventional
options, high uncertainty for emerging technologies

Lower emm fossil- | Costs of gas plant very dependent on gas prices — not
fuel techs cost competitive for baseload in Australia

Nuclear Very difficult to fully cost. emerging designs promise
cost reductions....

Carbon Capture + | CCS for electricity generation has highly uncertain +
Storage potentially variable costs depending on capture +
sequestration. Some potential for cost reductions with
learning (as with many emerging technologies)

Status and prospects of key ‘clean coal’ competitors in the electricity industry




Figure 4: Percentage cost-effective
energy consumption reduction
potential across different sectors.
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Little agreement on nuclear costs — hard to price uncertainties & evolving plant techs

EPRI estimates Australian nuclear costs 10-15% more than US with its well established
nuclear industry, UMPNER cost estimates difficult to justify in this context

A nuclear energy future for Australia likely incompatible with
industry development objectives — other nukes countries will

UMPNER Inquiry

%resent electricity-intensive
ave competitive advantage

Keystone Centre (consensus between US organisations including NRDC, _
UCS, Pew, General Electric, nuclear regulators, NEI and nuclear utilities)
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Our options —

potential scale

Energy Efficiency

Renewables

Lower emm fossil-
fuel techs

Nuclear

Carbon Capture +
Storage

Potentially very large (Factor 4, Factor 10), but
inherently limited + competing against econ. growth

Most individual technologies limited by available fuel
supply (hydro, biomass) or face important
intermittency issues (wind, PV). In combination,
however, potentially large. High present uncertainty
for Hot Rocks.

Potential for CCGT driven by likely available gas
supplies (possible issues in Eastern Australia), CHP
has high penetrations (40%) in some countries

Potentially very large but questions of longer-term
uranium supply

Potentially very large, although difficult to estimate
given present uncertainties on long-term storage —
particularly in saline aquifers & coal seams

Current and potential wind
penetrations worldwide

are significant
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Our options —

potential speed of deployment

Energy Efficiency

Renewables

Lower emm fossil-
fuel techs

Nuclear

Carbon Capture +
Storage

Some options can be rapidly deployed, others have
longer capital stock turnover (eg. house construction)

Key technologies including Wind and PV growing fast
from relatively small base and experiencing some
growing pains. Some other technologies still requiring
successful demonstration

Very fast for CCGT and fast for cogen — well
established technologies backed by large industries

Long lead and build times — unlikely in Australia
before 2020. Requires major institutional capacity

Technologies for electricity generation still not
demonstrated, institutional capacity and social
acceptance still key issues

Most installed OECD capacity in last 5 300 7

Net changes in OECD generation capacity
(units installed, under construction and planned, 1980-2015)
show shift from gas towards coal

o (IEA, 2007)

years is gas and wind (considerably MOre 250 s s o o o s

than coal or nuclear

Continuing debate over likely deployment
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Our options — other societal outcomes

Energy Efficiency | Very promising employment + investment
opportunities. Low societal risks, no env. Impacts.
High energy security value.

Renewables Promising employment + investment opportunities,
including regional areas for many techs. Some env.
impacts for some techs — eg. biomass. Land-use
issues for wind. High energy security value

Lower emm fossil- | A range of direct air, water + land env. impacts with
fuel techs fossil fuels. Energy security a possible issue with
gas for many countries, coal with some countries

Nuclear Fraught!

Carbon Capture + | Direct env. risks from sudden or slow escape of CO2
Storage to atmosphere or ground waters. Coal an important
contributor to Aust. economy + high energy security

Status and prospects of key ‘clean coal’ competitors in the electricity industry
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Potential nuclear proliferation

= By some measures ‘atoms for peace’ and NPT a success

— Only 445 nations have definitely acquired nuclear weapons since it was signed:
(ﬁ?one were signatories at the time

— “Increased Australian uranium exports would not increase the risk of
proliferation of nuclear weapons” (UMPNE, 2006)

= However, IAEA estimates 35-40 non-weapon states now possess
technical know-how — nuclear club could grow fast

Red: Five "nuclear weapons states" from the NPT.

, Russia, United Kingdom, France and China)

)« Dark orange: Other known nuclear powers. (India,

+_aPakistan).

. Yellow: States suspected of having possession of, or
suspected of being in the process of developing,
nuclear weapons. (Israel, North Korea and [ran).
Purple: States which at one point had nuclear

“fpons and/or nuclear weapons research programs.

entina, Australia, Belarus, Brazil, Eqypt, Iraq,
zakhstan, Libya, Poland, Romania, South Africa,
South Korea, Sweden, Switzerland, Republic of China
(www.wikipedia.org) (Taiwan) Yugoslavia).

Green: Other states capable of developing nuclear
weapons within short amount of time. (Canada ltaly,

Status and prospects of key ‘clean coal’ competitors in the
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Emissions Targets for the Electricity Sector
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Australia’s context for climate policy

= The world’s highest per-capita emissions

= Energy-related emissions climbing — 70% of total

— Estimated +35% over 1990-2004, projected +56% in 2010 and
approx. +85% in 2020 under current policy measures
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Current Australian Policy efforts

= Major proportion of energy-related abatement expected with
current Federal policies from EE and renewables
— Wind around 25-33% of MRET

Some key policy measures

= Coming Federal measures 20
— National Emissions Trading N I B
with initially ‘modest’ caps below | <15 Seenmosce
BAU grOWth, OffsetS + IOW 14 challenge

penalty fee for exceeding target
— Clean Energy Target for 2020
approx. 3X current MRET
— NFEE expansion (stage 11?) -
— R&D & Demonstration of low-

emission techs focused on 24 -
Carbon Capture & Storage(CCS)  o-

12

Building
Standards

10 4

Greenpower
7777777777 QLD 13% M-+

Projected Abatement (MtCO2/yr)

EE Renewables GHG abatement
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Some policy conclusions
= Policy priorities: quick & large emission reductions

— EE & conservation our highest priorities — will require carbon price &
specific policies to target behaviour (ie. regulation)

— CCGT & Cogen have vital early role — will require carbon price &
specific policies (eg. market barriers to distributed generation)

— Commercial, scaled-up & moderate cost renewables have vital early
role; wind a key renewable for Australia — will require Clean Energy
Target & supporting policies (eg. planning)

= CCS & other emerging options & nuclear are lower priorities

— Need to deploy EE, gas & renewables to buy CCS & nuclear time to
be developed up / institutional capacity established

— Will require quick and large demonstration programs involving public
& private investment & supporting policy frameworks
= Current delays in establishing these demonstration programs
in Australia & worldwide are greatly damaging potential role
of CCS in protecting the climate




