ADAPTING COAL FOR THE 21ST
CENTURY




MISSION: ADVISE CLIENTS ON LOW-CARBON ENERGY
TECHNOLOGY, FINANCE, AND POLICY

PRACTICE: ~ CARBON MARKET ARCHITECTURE: INT'L, US, RGGI, WCI
-~ ADVANCED FOSSIL FUEL TECHNOLOGIES AND PROJECTS
~ CARBON CAPTURE AND STORAGE POLICY

~ CARBON INVESTMENT STRATEGY



WHY COAL?



Table 9 Aggregation of global fossil energy sources—all occurrences, in Gtoe®

Consumption Resource  Additional
1860-1994 1994 Reserves Resources® base© occulrences
Oil
Conventional 103 321 150 145 295
Unconventional 6 0.16 183 336 519 1,824
Natural gas
Conventionald 48 1.87 141 279 420
Unconventional — = 192 258 450 387
Clathrates — — — — — 18,759
Coal 134 2.16 1.003 2,397 — 3,400 2.846
Total fossil
occurrences 291 7.40 1.669 3.415 — 5.084 23.815

ASources: Historial consumption (46). Reserves, resources, and occurrences, see Tables 2-8.
— = negligible volumes.

PReserves to be discovered or resources developed to resources.

“Resource base is the sum of reserves and resources. H. Rogner, 1997

9Includes natural gas liquids.



50,000

AFFLUENCE
U.SA.

=
%
g_ 20,000 |—
& 10,000 |—
S
5 5000|—
O
E 2000 (—
g SLOPE = 23¢/kWehr
©°
(@] —
£ 1000
(&)
@ 500[— o
&
8 200
2
O 100 |— Bangladesh
5 POVERTY
|
= 0.01 0.10

1.0
Mean Power Consumption Per Capita, kW/person

10

100



Proved reseryvas 5t =nd 2006
Thaousand milion tonnes (share of snthrscita snd bibuminous coal is sheoseen in brackats)

296.9 (12265
e .. ke . ZE7.1 1123

B3 B0.20

18.8 7.7

0.d (0.4 _

KMidda Exst S, RCent. &amaenca Africs Morth America Ewrope & Eurasia  Asio Pacific







THE CLIMATE CHALLENGE TO COAL



~U.S. SUPREME COURT CERTIFIES CO2 AS A “POLLUTANT” UNDER
CLEAN AIR ACT.

- RGGI STATES ADOPT RULES TO AUCTION PERMITS FOR 2008
-~ CA IMPOSES 1,100 LBS/KWH PERFORMANCE STANDARD
- LIEBERMAN-WARNER OUTLINES PROPOSED US CLIMATE POLICY

~- NARUC ISSUES SUGGESTED GUIDELINES FOR US CO2 CAP AND
TRADE

~ FEDERAL NINTH CIRCUIT REJECTS U.S. EMISSIONS RULES FOR
LIGHT TRUCKS AS “INSUFFICIENTLY MEASURING THE EXPECTED
COSTS OF CARBON DIOXIDE EMISSIONS”

~ MULTIPLE COAL POWER PLANTS CANCELLED



Projected
Exhaustion of
Carbon Allowance

P

Our Carbon Allowance:
900 Gt C total = 550 ppm

Total Fossil Carbon
Resources:

5000 Gt C total

Carbon captureand
storage increases our
carbon allowance by 5
times

Excludes
methane
hydrates
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THE ENERGY “WEDGEf’

1 GtClyr A“wedge” Is a strategy to reduce
carbon emissions that grows
/ over 50 years from zero to 1.0
GtClyr.

50 years Total = 25 Gigatons carbon

~- TRIPLE THE WORLD’S NUCLEAR ELECTRICITY CAPACITY BY 2055
~ DOUBLE CURRENT NATURAL GAS SUPPLY BY 2055

- IMPLEMENT CCS AT 800 GW COAL ELECTRIC OR 1600 GW NATURAL
GAS ELECTRIC PLANTS

- REPLACE ALL THE WORLD’S INCANDESCENT BULBS WITH CFLs (1/4 OF
ONE WEDGE)

~ INCREASE CURRENT WIND CAPACITY BY 30 TIMES
~ INCREASE CURRENT SOLAR CAPACITY BY 700 TIMES

~WITH CURRENT PRACTICES, PLANT ALL INDIA WITH BIOFUELS

JONATHAN E. SCHRAG



“"CARBON CAPTURE AND STORAGE IS THE
CRITICAL ENABLING TECHNOLOGY FOR
CONTINUED COAL USE.”

- MIT “THE FUTURE OF COAL”
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Implement CCS at
* 800 GW coal electric plants or

» 1600 GW natural gas electric
plants

U.S. SPENDS $500 BILLION ON RETAIL ELECTRICITY Graphic courtesy of Alberta Geological Survey

THERE ARE CURRENTLY THREE STORAGE PROJECTS THAT
EACH INJECT 1 MILLION TONS OF CO,, PER YEAR — BY
2055 NEED 3500.
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~ LONG-TERM COMMITMENT TO DEPLOYMENT OF CCS WITH
SIGNIFICANT RESEARCH SPENDING AND PERSUASIVE
PATHWAY

~ CCS REGULATORY FRAMEWORK BY 2009: JURISDICTION,
PROPERTY RIGHTS, LIABILITY, IOGCCQC)

~ REGIONAL CARBON STORAGE INFRASTRUCTURE
PARTNERSHIPS TO PROMOTE PROJECT DEPLOYMENT.
GEOLOGIC STORAGE, POST-COMBUSTION, PRE-
COMBUSTION

~ NEAR-TERM COMMITMENT TO HIGH-EFFICIENCY PLANTS

~ ENGAGEMENT WITH CARBON POLICY: SUPPORT FOR CAP
AND TRADE



PoLITICcs IMPOSES NEED FOR LOW-CARBON TECHNOLOGIES

~- EFFICIENCY

~ BIOFUELS

~ GASIFICATION

~ CARBON CAPTURE AND STORAGE

OPPORTUNITIES FOR ADVANCED COAL APPLICATIONS

- COAL TO LIQuIDS
~ BIOMASS CO-FIRING
~ ZERO-EMISSION COAL POWER PLANTS

~~—_—
LOWER EMISSIONS AND REDUCED OIL CONSUMPTION
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Closing the Gap
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Gasoline (b/d)

100,000

100,000

CTL (b/d)

100,000

100,000

CO2 Cost/Ton

$12

$24

CO2 Cost/Ton

$12

$24

CO2 Emissions

27,000

27,000

CO2 Emissions

50,000

50,000

Total CO2 Cost

$324,000

$648,000

Total CO2 Cost

600,000

1,200,000

CO2 Cost/Bbl

$3.24

$6.48

CO2 Cost/Bbl

$6

$12



Title and Sponsors Reduction Target and Timeframe Significant Aspects

. . . Stabilize global greenhouse gas Economy wide caps. National
Global Warming Pollution Reduction . i
Act (S.309) Sanders (VT) and Leahy conceptratlons below 450ppm; US rer_1e_wab|e energy quotas_ and energy
’ reductions to 1990 levels by 2020 and efficiency goals with credit trading

(V1) 80% below that by 2050. programs.




Climate Stewardship Act (H.R. 620)
Olver (MA) and Gilchrest (MD)

Global Warming Reduction Act
(S.485) Kerry (MA) and Snowe
(ME)

Safe Climate Act (H.R. 1590)
Waxman (CA)

Clean Air Planning Act (S. 1177)
Carper (DE)

Clean Air /Climate Change Act of
2007 (S. 1168) Alexander (TN)
and Lieberman (CT)

Emissions stabilize at current levels
from 2012 to 2019, then are
reduced 15% by 2020, 38% by
2030, 75% by 2050 (which
equals 70% below 1990
levels).

Reduce emissions to 60% 1990
levels by 2050, through
increasing annual reductions
starting at 1.5% a year for the
first 10 years.

Emissions freeze at 2009 levels in
2010. Beginning in 2011,
emissions cut 2% per yeatr,
falling to 1990 levels by 2020.
Beginning in 2021, annual
emissions cuts of 5% per year
falling to 80% below 1990
levels by 2050.

Caps power plant emissions at
today's levels in 2012, at 2001
levels in 2015. Thereatfter,
annual reductions to achieve
25% below 1990 levels by
2050.

Power plants emissions capped at
2.3 billion tons (2006 levels) in
2011, at 2.1 billion in 2015, 1.8
billion in 2020 (1990 levels),
and 1.5 billion in 2025 and
beyond (17% below 1990
levels).

Same as Lieberman/McCain except
that offset credits may account
for only 15% of emissions
reductions and "early action”
credits limited to 20% of cap.
Does not contain Senate
version's nuclear provisions.

Economy wide caps. National
renewable energy quota of
20% by 2020. National
renewable transport fuels
standard.

National renewable energy quota of
20% by 2020. Energy
efficiency targets increase
from 0.25% of electricity sales
in 2010 to 1% of sales in 2012
and each year thereafter
through 2020.

Power sector only, offsets allowed,
output based allocation
system (not auctions),
includes a new entrant reserve
(carbon credits reserved for
allocation to newly built
installations).

Power sector only, allows offsets,
includes new entrant reserve
of no more than 5% of the
year's allowances, includes
emissions performance
standard for plants built after
2015 (no more than 1100 Ibs
co2/mwh).

INNIATHANT F CruapAr




Reduction of greenhouse gases to
2006 levels by 2020 and to
1990 levels by 2030.

Low Carbon Economy Act
Bingaman (NM) and Specter

Limits cost of allowances to $12/ton
CO02e in 2012, rising by 5%
above inflation each year after
that. Allowance allocation
through 2017: 53% free, 24%
auctioned, rest reserved for
certain sectors and projects.
Tariffs on goods from high
emitting countries




