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February 12, 1999

Julie Anderson

Director of Congressional Relations
White House Climate Change Task Force
734 Jackson Place, NW

Washington, D.C. 20503

Dear Julie:

Thank you for taking the time to meet with CURC representatives on
Wednesday. The members of CURC have invested a great deal of time and
effort to define ways that government and industry might work together to insure
the development of technologies that will dramatically improve the conversion
or combustion of coal to useful energy.

We appreciate your interest with our current and future plans to ensure that coal
remains a viable energy resource in the marketplace and, we would welcome any
further input or advice you might have regarding our initiatives to insure that coal
remains a viable energy resource in the U.S. and abroad.

Thank you again for taking the time to meet with us. We look forward to
continuing dialogue with your offices about these matters.

Sincerely,

g

Ben Yamagata
Executive Director



Clean Coal Technology
Budget and Tax Incentives Meeting

February 10, 1999
SC-4 The Capitol

2:00 - 3:30 p.m.
. Welcome & Introductions Franz Wuerfmannsdobler
Office of Senator Byrd
I1. FY 2000 R&D budget & incentives package for coal Todd Stern - White House &
Bob Kripowicz - DOE
I11. Energy challenges & fuel diversity Charles Goodman
Southern Company
IV. CURC’s R&D Roadmap Ben Yamagata
-- Industry reaction to DOE’s initiatives CURC
V. Incentives for early commercial application of CCT John Wootten
-- CCT tax incentives Peabody Group

-- Revenue requirements
-- International options
-- Carbon sequestration potential

VI. Q & A / Discussion Franz Wuerfmannsdobler
Office of Senator Byrd

VII. Future activities All



15-Year Levelized Cost of Electricity for
Coal Fired v. Gas Fired Power Technologies
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30-Year Levelized Cost of Electricity for
Coal Fired vs. Gas Fired Power Technologies
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Performance Targets for Coal Generation

Performance Target Today 2010 2020
900 - 1300
: 800 800
___CapitalCost, §kW | — L g S 4
. . —1| 50 -60
Efficiency, %oHHV a0 1 | 45
S02, removal % 95 |1 97 — | 99
0.1-0.3 ||
No, lbs/mmbtu —| 0.08 ] 0.05
HAPS (hazardous air pollutants) | define goals | meet goals | meet goals
 Waste Utilization. % | 1 {078 ] T 100 |
aste Utilization, % _—1 50 -
.. Significant L
Overali Emissions R‘f;;;{;g‘iﬁs from ge‘.“‘mm‘s
Today’s Technology TISSIons

© 1998 Coal Utilization Research Council



Coal Fired Power Plant Technologies

Today 2010 2020

(Carbon Sequestratlon — = >(Carbon Sequestration Carbon Sequestration

: APFB — Advanced Pressurized Fluid Bed

PCF — Pulverized Coal Fired Plant __H; :
PFB — Pressurized Fluid Bed | HIPPS — High Performance Power System | 'AGCC — Advanced Gasification
LEBS — Low Emission Boiler System ! :
IGCC — Integrated Gasification Combined | APC — Advanced Pulverized Coal Fired | (omomed Cycle .
Cycle ' Plant : ICFC — Integrated Gasification Combined
! « Cycle

© 1998 Coal Utilization Research Council



Coal Fired Power Plants / Enabling Technologies

Today i 2010 ; 2020

APCF

PCF

7N T/

Coal Emissions ; :
Prep Control Blf)mass / HIPPS

Coproduction>— § Coproduction — Coproduction
- Carbon Sequestratio arbon Sequestration ' Carbon Sequestration

Fa

Enabling technologies to build industry core competencies include materials and lifing; sensors and
controls; computational fluid dynamics; coal characterization; and coal preparation. 1998
© 1998 Coal Utilization Research Council February 25,



Efficiency Goals for Coal Fired Plants

Year 2010 Goal . Year 2020 Goal

(70+)

" _4éﬂw_ﬂ_éd_ﬂ_$&55 60_
Efficiency, %HHV |

© 1998 Coal Utilization Research Council

February 25, 1998



AGCC Performance Targets

Performance Target Today 2010 2020
Capital Cost, $/kW 1200-1300—~— 300 800
Efficiency, %HHV a0 1 45 g L
SO2 removal, % 9 97 |-+1 99
I ___(cold) T hop | ___(hot |
NOx Ibs/mmbtu 0.06 0.06 0.05
HAPS define goals meet goals| meet goals
————————————————————————————— r________/—_/—__,ﬂ)a——_"
Waste Utilization, % 30 |+ 75 .
Equivalent Availability, % o0 | L_90 90

*GCC/PFB Hybrid
© 1998 Coal Utilization Research Council

February 25, 1998



AGCC Technology Trajectories

Technology Need | Today 2010 2020
hot -- 1000°F hot -1500°F
cold 8,000-20,000 hrs
GasCleanup | "7 " hy2005__ | _ 20,000 hours |
' “p? ATS - 2750°F Advanced
Combushon 235F00F plus combustor
Turbine | development CT cycles
- - - Ultrasupercritical
Steam Cycle_ Subcritical Subcritical Steam
_ _ Air or 02 Airor 02
Oxidant 02 with advanced | with advanced
' air Separatlon air separation
hot
SO2 removal cold with external hot
desulfurization
_______________________________________ I
Waste Utilization, % 15 - 30 50 - 75 100

© 1998 Coal Utilization Research Council February 25, 1998



APFBC Performance Targets

Performance Target Today 2010 2020
T | 900
Capital Cost, $/kW 1100 | T 800 800
Effici % HHV s |
iciency, % H 40
SO2 removal, % 95 1 97
NOx | Ibs/mmbtu 01 f—— 0.08 | 005
Equivalent Availability, % 90 90 90

* GCC/PFB Hybrid

© 1998 Coal Utilization Research Council February 25, 1998



APKFBC Technology ijeﬁwﬁes

Waste Utilization, %

single reheat

(trace)

_ c 1600°F oxidizing | 1700°F oxidizing
HTHP Filters yclones conditions conditions
| | epr-23s0°F | ATS-2750°F Advanced
Combustion Turbine| rugged bpsddpirt CT cycles
______________________________________ }__._____________
2400psi/1050°F | 3500psi/1050°F | 5000psi/1300°F

single reheat

flue gas
polishing

double reheat

flue gas
polishing

© 1998 Coal Utilization Research Council

February 25, 1998



IGFC Performance Targets

Performance Target Today 2010 2020
Capltal COSt, $/kW | n/a h/a 800+
Efficiency, %oHHV n/a n/a 70+
SO2 removal, % n/a n/a 99+
NOX, lbs/mmbtu n/a n/a < 0.05
HAPs | ma | nfa | meetgoals
Waste Utilization, % n/a n/a 100
Equivalent Availability % nla n/a 90

© 1998 Coal Utilization Research Council " February 25, 1998



IGFC Technology Trajectories

|Technology Need | Today 2010 5020
I
- : | natural gas : coal gas large coal gas
Fuel Utilization | fuel cells | fuel cells fuel cells
_______________ D A Sttt
| 250kw to 1MW | 2to 50MW 200-400MW
- I
Plant Scale-Up _ll demos } demos commercial plants
________________________ _l_____.___.._._L__________._____.._
| | :
| as required to
Hot Gas Clean-Up | see GCC | seeGCC maintain fuel cell life
|
S R T
| | .
I , as required to
SO2 removal | seeGCC | seeGCC | maintain fuel celllife
| |
_______________ J|_________T________________________
- | | CT/Fuel Cell | i ion of gasifi
Intearation | n/a | uel Le integration of gasitier
|'nted |  Integration | hot.gas clean-up, and
| | fuel cell

© 1998 Coal Utilization Research Council

February 25, 1998



HIPPS Performance Targets

Performance Target Today 2010 2020
Capital Cost, $/kW____ | nfa | 800 | 800 __
Efficiency, %HHV n/a 47 55
SO2 removal, % n/a 99 99
NOXx, Ibs/mmbtu n/a 0.06 0.05
AP | wa | mestgols mestoss
Waste Utilization, % ) __Ell_a _______ s _o_rrie_______l(lo____
' Equivalent Availabilty, % | nia % %

© 1998 Coal Utilization Research Council

February 25, 1998



HIPPS Technology Trajectories

Technology Need | Today 2010 2020
|
. [ ° o
High Temperature/ | na |  1100°F 1800°F
High Pressure Filter | reducing reducing
_______________________ _l__.___________',______________
| o
Heat Exchanger na | 1800°F 2750°F
: (Alloy) (ceramic)
_______________________ _l___..______.___r________._________
| 4000psi/ 5000psi/
Steam Cycle na |  1200°F 1300°F
| | double reheat double reheat
________________________ |__.._______.______..____._______.___
| : :
) cycle design, cycle design,
Steam Turbine n/a : ae):'odynamics, aerodynamics,
_{ materials materials
. | . - -
Gas Turbine n/a : Humid air turbine Humlzc;g(l)roturbme
i ma et B T U Ty
Particulate na | to be defined to be defined

- © 1998 Coal Utilization Research Council February 25, 1998



Advanced PC Performance Targets

Performance Target | Today 2010 2020
1100
Capital Cost, $/kW ™ 800 800
| | _— 47-51

Efficiency, % HHV a L

SO2 removal, % 97 198 — L 99

NOX, Ibs/mmbtu 01 —=—0.08 I [T0o05
__HAPs_ | definegoals mercury control| meetgoals _

Waste Ultilization, % 15 - 30 50-75 1 L_100
Equivalent Availability, %| 90 90 90

© 1998 Coal Utilization Research Council

February 25, 1998



Advanced PC Technology Trajectories

Technology Need

Today

2010

2020

Steam
Cycle Conditions

Boiler and Steam
Cycle Materials

NOx control

Double reheat

ferritics,
austenitics

burners,
SCR

3500 psil1050°F | 4000 psi/1200°F

|

Double reheat

ferritics,
austenitics,

Ni-based alloys

plant cycle

integration,
materials

integrated with

HAPS & particulate
control

Adv. burners,
SCR

5000 psi/1300 °F
Double reheat

new Ni-based
alloys

new aerodynamics,
cycle integration,
materials
integrated with
HAPS & particulate

control

Adv. burners,
SCR |

© 1998 Coal Utilization Research Council

February 25, 1998



Crosscutting Enabling Technology

Technology 2010 2020
Hi.gh Temperature/
High Pressure Filters
AGCC 1000°F reducing 1500°F reducing
APFB 1600°F reducing 1700°F reducing
HIPPS 1100°F reducing 1500°F reducing
IGFC n/a 1000°F reducing
Combustion Turbine
AGCC 2750°F — ATS Advanced Cycle
APFB 2750°F — ATS Advanced Cycle
HIPPS n/a 2750°F
Steam Cycle Matevials
APFB n/a New Alloys, 1300°F
APC Ferritics, new alloys New Alloys, 1300°F
HIPPS n/a ‘New Alloys, 1300°F
HAPS Address issues as characterized by Address
2000 for all technologies

© 1998 Coal Utilization Research Council

February 25, 1998




Crosscutting Enabling Technology

Technology 2010 2020
Hot Sulfur Cleanup
AGCC External Hot Desulfurization External Hot Desulfurization
APFB n/a Polishing
IGFC n/a External Hot Desulfurization
Polishing
NOx Removal
AGCC n/a n/a
- APFB n/a n/a
IGFC n/a n/a
HIPPS Advanced Cost Efficient NOx Advanced Cost Efficient NOx
Removal Removal

Air Seperation

Advanced Air Seperation

AGCC Advanced Air Seperation

APFB Advanced Air Seperation Advanced Air Seperation
IGFC Advanced Air Seperation Advanced Air Seperation
HIPPS n/a n/a

© 1998 Coal Utilization Research Council

_February 25

1998



Assumptions Used to Determine COE in Comparison Charts

Region SE SE SE SE SE SE SE SE

Technology Adv PFBC Adv IGCC IGCC “F” 1GCC “H" IGCHAT CC"F" CC“H” Adv CHAT
Plant Size, MW 680 460 570 450 450 225 400 400
Capacity Factor, % 85 85 85 85 85 85 85 85
Fuel Coal Coal Coal Coal Coal Gas Gas Gas

Fuel Cost in yr 2000, $MMBtu 1.29 1.29 1.29 1.29 1.29 2.24 2.24 2.24
Fuel Real Esc. Rate; %lyr -0.07 -0.07 -0.07 -0.07 -0.07 1 1 1
Total Plant Cost, $/kW 800 . 800 1310 1150 810 400 350 270
Fixed O&M, $/kW-yr 26.9 354 43.8 384 354 13.3 10.3 10.3
Var. O&M, mills/kWh 2 1.5 1.3 1.3 1.5 3.1 2.2 2.2
Heat Rate, Btu/kWh HHY 7240 7000 8200 7500 7000 7000 6500 6500

Note: Total Plant Costs are typical values. They vary depending on plant size and design, plant location, etc.

Fuel Costs are based on EIA’s 1997 AEO Projections (National Average)

© 1998 Coal Utilization Research Council

February 25, 1998




Fweﬁ Price Projections Based on AEU

| 3.5 " Natural Gas
| - =1.0°
& 3 (real escalation rate = 1.0%/yr)
N~
>
=2.5
2
m
= 2
=
#1.5 .
1 Coal e
r | (real escalation rate = 0.7%/yr)
50.5
LL
0 | | | | | | ! | |

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
Year

Natural Gas  —=+—- Coal

© 1998 Coal Utilization Research Council February 25, 1998



Glossary of Acronyms

ATS Advanced (gas) turbine system
AGCC Advanced gasification combined cycle
APCF Advanced pulverized Coal fired plant
APFB Advanced pressurized fluid bed

CC Combined cycle

HAPs Hazardous air pollutants

HIPPS High performance power system
HGCU Hot gas cleanup

HHV Higher heating value

IGCC Integrated gasification combined cycle
IGFC Integrated gasification fuel cell

LEBS Low emission boiler system

PCF Pulverized coal fired plant

PFB Pressurized fluid bed

USC Ultra supercritical

UUSC Ultra, ultra supercritical

© 1998 Coal Utilization Research Council

February 25, 1998
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From: Len Burman
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replace conventional coal plantg.
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Tax Incentives for Clean Coal Technologies
(Document dated May 1998)

The proposal woulg provide the following incentives for investments in qualifying clean cogl
technology (CCT) installed in the US or abroad:

* A 20% investment tax credit for CCT which begins opération between 2000 and 2012;

* A production tax credit for output fiom the qualifying CCT baseqd on the design heat rate
for the first ten years of operation;

*  Arisk pool establighed by the Federal Eovernment that woyld e available to the owners

The proposal rajseg sefious concerns: -
¢  Ascurrent] ed, it may incr on emissions.

- Ifthe plants are buil domestically, the environmental ben




under 0.7 cents per kilowatt-hour, The Production credit is about 20 1o 40 percent of
the projected price of power in most US areas (about 3 cents per kilowatt-hour at the
generating plant). '

= The 20 perceny investment tax credit and risk pooling add 5 further level of subsidy
that is difficylt 10 Justify, '

September 18, 1998
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i . FEB-08-99 12:01 From: T-533 P.03/03 Joh-028

DISCUSSION:

This proposal is intended tn‘} provide a technology- and fuel-neutral incentive to
modernize the nation’s fleeg of electricity generators. Due to the legacy of monopoly
reguiation, electricity genegating units are among the oldest capital stock of any industrial
sector in the United States,*with about half of the generating capacity being more than 30
years old. This older capacity tends to be less efficient and much more heavily polluting
than modem generating units. The performance-based investment tax credit proposed
here would reduce the up faont capital costs needed to replace this aging equipment with
modern technology. '

The minimum performancg improvements specified above can be achieved with either
coal ar gas technology. Consider replacing an older, less efficient unit with a heat rate of
11,000 BtwkWh. The 25% and 50% improvement requiremnents would mean that the
replacement units would hgve to achicve a heat rate of 8,250 Btu/kWh for the 10% credit,
and 5,500 Br/kWh for the;20% credit. DOE’s performance goals for both advanced
pressurized fluidized bed (PFBC) and integrated gasification combined cycle (IGCC)
technology is a generation pfficiency of at least 50%, or a heat rate of less than 6,825
Btu/kWh, substantially betfer than needed to qualify for the 10% credit. DOE’s
performance goal for its Vision 21 plant (which is an advanced JGCC plant using an
oxygen-blown gasifier) is 65% efficiency. or a heat rate of 5.250. low enough to qualify
for the 20% credit. Use of fombined heat and power technology would make either of
these performance goals substannally easier to meet.

The requirement that the u',-uts being replaced had to operate with a 50% capacity factor
during the previons S yearjperiod is intanded to ensure that the tax credit gets the greatest
possible bang-for-the-buck by excluding simple-cycle combustion turbine peaking units
(which are likely to be replaced by combined cycle units in any case) and units that have
effectively been removed ﬁ'om service without being formally retired.

The treatment of combmed heat and power (CHP or cogencration) plants is intended to
provide a level playing ﬁeLd for this high efficiency technology. If it were not for the use
of this technology, fuel wauld have to be consumed in separate boilers to produce steam
for use in, for example, anlindustrial process or district heating system. The CHP plant
receives credit for this avojded fuel consumption, based on the assumption that the
separate boiler would havd an efficiency of approximately 80% (hence the factor of 1.2).
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FEB-09-99° 12:01 From: . T-533 P.02/03 Jobk-028

TITLE V. FOSSIL FUEL "EFFICIENCY IMPROVEMENTS

10% investment tax credit for repowering, or replacing existing fossil fuel generating units
with technology that resulty in at lcast a 25% reduction in fossil fuel heat input per
kilowatt-hour of net electrigity generation.

20% investment tax credit i"or repowering or replacing existing fossil fuel generating units
with technology that result} in at least a 50% reduction in fossil fuel heat input per
kilowatt-hour of net clectrigity generation.

Eligible units. To qualify for the credit, the unit(s) being repowered or replaced must
have operated with an averpge capacity factor of at least 50% during the five year period
prior to enactment. The inyestment tax credit can only be taken on that portion of the
investment attributable to providing generating capacity not greater than the generating
capacity of the unit(s) being repowered or replaced. Repowering means permanent
modification of the generating unit so as to reduce the design average net heat rate by at
least 25%. Replacement m;:ans permanent retirement of the existing generating unit and
replacement of that amoun? of generating capacity with a new unit that has a design
average net heat rate at leagt 25% lower than the retired unit.

Treatment of combined heat and power plants (CHP or cogeneration). In the case of
plants that produce both steam and electricity for sale, the net heat rate of electricity
generation shall be calculajed by subtracting 1.2 times the Btu content of the steam sold
from the total Btus of heat:input to the combined heat and power plant.

2
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replace conventional coal plants. »
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Tax Incentives for Clean Coal Technologies
(Documem dated May 1998)

The proposal would Provide the following incentives for investments ip qualifying clean cog)
technology (CCT) installed in the US or abroad:

*  A20% investment tax credit for CCT which begins opération between 2000 ang 2012;
* A production tax credit for output from the qualifying CCT based on the design heat rate

for the first ten years of operation;
* Ansk pool established by the Federal Eovernment that woyld be available to the owners

cost of the project.
The proposal Taises serioys concerns:
¢ As entl ed, it incre; On emisgions.

- Ifthe plants are buil domestically, the Svironmental benefits wilf depend upon which
other plants are being replaced. The document acknowledges that new capacity
installed in the near term in the US wil) most likely be gas fired. To the extent thay

- Theproposed tax incentives Mmay not be effective for investments Overseas that are

be
. Che proposed redi very large in r. ion either fo
or the value of Qutput from the facilities receiving the Subsidy.
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about 20 to 40 percent of
S per kilowatt-hoyr at the

- The 20 percent investment tax credit and risk pooling add 3 further level of subsidy
that is diffiey}t 10 Justify, '

September 18, 1998
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Tax Incentives for Clean Coal Technologies
(Doeun_'nent dated May 1998)

* Ansk pool established by the Federal Bovenment that woy)d be available to the ownerg
of qualifying CCT during its firge 3 Years of operation to offset Costs for modifications
resulting from the technology’s fajjure to achieve jts design performance, up to 5% of the
cost of the project.

The proposal Taises serioys concerns:

¢ As currently crafted. it mg.incrggs_e carbon Qmisgions_.

- = Ifthe plants are built domestically, the environmental benefits will depend upon which
other plants are being replaced. The document acknowledges that new capacity
installed in the pear term in the US wil] most likely be pag fired. To the extent tha;
Qualifying coal plants displace 838 or renewable encrgy plants that have lower carbon
emissions per kilowatt-hour of clectricity 8¢nerated, carbon emissions woyld increase
rather than decrease, :

- Theproposed tax incentives may not be effective for investments Overseas that are

be
. 'he prop redi very large in r ion ejther 1o
ot the value of Qutput from the facilities receiving the Subsidy.



TAX POLICY
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- The 20 percent investment tax credit and risk pooling add a further leve] of subsidy
that is difficykt 1o Justify. '

* The propo bsidies are dis roportionate tq the tential environm ntal benefits of

CCT gghng]ogy. '

September 18, 1998



From: Dirk Forrister on 01/21/99 09:25:00 AM

Record Type: Record

To: Julie M. Anderson/WHCCTF/EOP

cc:
Subject:

From: Dirk Forrister on 01/20/99 05:32:21 PM
Record Type: Record

To: Todd Stern/WHO/EOP, Roger S. Ballentine/WHO/EOP, David B Sandalow/CEQ/EOP

cc:
Subject:

COALMTG.MEN

Please find a short background paper for the mecting with Senator Byrd's statf tomorrow. This updated version
incorporaltes the topics we covered in the 1:00 prep session. Here's a short-short version of our key messages to
use as you prepare your own cheat-sheel.

Economic Analysis: While we recognize that the nation’s climate response will have some effects on
coal, our analysis shows that an economically efficient policy framework will minimize those impacts.
Coal will continue to play an important role in America’s energy mix for many years to come.

Technology Initiatives: Our portfolio of climate programs includes continued work on advanced coal

R&D, sequestration and etficiency in mining. Our tax incentives will be changing modestly -- but still

hold some potential for coal-based strategies to play a role through combined heat and power as well as
improved biomass cofiring provisions.

Credit for Early Action: The President expressed interest in the State of the Union. We're committed to
work with you to get a bill done.

Surface Mining: We see a valuable role emerging for our mined land reclamation programs -- they are
focusing more on ways of including reforestation strategies to play a larger role. While not by any means
the total solution, his program has the advantage of putting dollars and jobs into coal mining
cominunities.

New Issues: We Know We Can Do Even Better: We know your interest in the tax incentive proposal
by the Coal Utilization Research Council -- and we are continuing to examine it. We are also working
with the steel and coke industries on their interest in tax incentives for advanced coking technologies.
We have concerns with both proposals -- and we have funding constraints that kept us from adding new
initiatives on tfhe tax side. That said, we will continue to work with them should the funding prospects



change later in the year.

International: We know y our interest in China, and we are developing some alternatives (o prompt
more clean coal technology partnerships there. We are also hearing soundings from Sen. Hagel that he

may be planning a legislative effort this year -- and we hope that we can work closely with you if
anything materializes on that front.
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Clean Coal Technologies
Technology Promise

e Climate Change Initiative Proposed by the Administration
— Immediate actions to stimulate the use of technologies that
minimize costs to reduce greenhouse gas emissions
— R&D and tax incentives aimed at deployment of energy efficient,
carbon-reduction technologies

— Electricity generating sector research program for innovative coal
combustion approaches that offer the possibility of much lower

carbon emissions
e (Clean Coal Technologies (CCTs) can be further developed
and deployed to cause or induce real increases in
efficiency and decreases in carbon emissions from
domestic and international electricity generation

CoaL Unuzarnion RESEARCH COUNCIL



Performance Targets for Coal Generation

Performance Target Today 2010 2020
| 900 |
Capital Cost, $/kW 1300 | ™ goo 800
50 - 60
Efficiency, %HHV [ a5 r
40 [
S0O2, removal % 95 | 97 | 99
No, Ibs/mmbt 01-03—— 0.08 |
o, Ibs/mmbtu 0.08 [ 005
_______________________________________ }___.________
HAPS (hazardous air poliutants) define goals meet goals meet goals
Waste Utilization, % 15 - 30]L 50 -75—1 L 100

© 1998 Coal Utilization Research Council

February 25, 1998



Coal Fired Power Plant Technologies

Today | 2010 | 2020

© 1998 Coal Utilization Research Council February 25, 1998



Coal Fired Power Plants / Enabling Technologies

Today | 2010 | 2020

Coal Emissions
Prep Control I

. [ Adv. Air Separ. |

Coproductior ; Coproduction § Goproduction
Carbon Sequestratio Carbon Sequestration Carbon Sequestration

Enabling technologies to build industry core competencies include materials and lifing; sensors and
controls; computational fluid dynamics; coal characterization; and coal preparation.
© 1998 Coal Utilization Research Council February 25, 1998




Efficiency Goals for Coal Fired Plants

Year 2010 Goal . Year 2020 Goal _

LEBS
APCF

HIPPS
APFB
AGCC

Hybrid

IGFC

" 45'T'ﬁ'éo o _55 -
Efficiency, %HHV

© 1998 Coal Utilization Research Council February 25, 1998




15-Year Levelized Cost of Electricity for
Coal Fired v. Gas Fired Power Technologies

45
J\ 2nd Gen Adv Coal
800 1 1,000 $/kWh
7,500 Btu/kWh
40 \

\ \ ard Gen Adv Cogl
1st Gen Ady Coal 800 $/kW
900 - 1,30D $/kW | _woo Btu/kWh

8,200 - 9,300 Btu/kWh

w
13,

15-yr Levelized COE, mills/kWh (constant '97$)

30
cq “F’

400-500 $/kW

7.000 Btu/kWh Adv GT dycles
25 275 - 425 $/kW

6,500 BtU/kWh
20 -
1995 2000 2005 2010 2015 2020 2025

Year of Plant Start-Up

© 1998 Coal Utilization Research Council February 25, 1998



Clean Coal Technologies
Environmental Impacts

e Environmental benefits:
— 10 million metric ton reduction in domestic carbon emissions from
the incentives
— 294 million metric ton reduction in international carbon emissions
from deployment of CCTs worldwide

— 25% of the reduction required under a Kyoto type agreement

Coac Uniuzaniors ResearcH COUNCIL
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Clean Coal Technologies
Incentive and R&D Program Objectives

e Fuel Diversity

— coal largest source of electricity generation
e US.-57%
e World - 38%
— coal is projected to remain the largest source of electricity
 EIA AEO98 - 51% in 2020 even with a 400% increase in natural gas
e OECD/IEA - 43% of the world’s electricity in 2020

e Technology Promise

— further R&D and deployment of early commercial applications will
result in increased generating efficiency and lower carbon
emissions

e Sustainable Economy

— coal must remain a viable, readily available, competitive source of
fuel for electricity generation, transportation fuels and chemical feed
stocks to promote economic growth, price stability and energy
security

Coat Utniuzanon RESEARCH COUNCIL 8



Clean Coal Technologies
Carbon Emission Reduction Potential
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Clean Coal Technologies
Background

CoasL Unuzeanorn BesearcH COUNCIL

CCT program will be successfully completed with demonstrated
“first-of-a-kind” technologies to increase efficiency and reduce
pollutants
full commercial penetration requires 2-3 early commercial
applications of these promising technologies
developers unable to accept technical and financial risk of a “not
yet fully commercial” application

— lack of need for new base load capacity

— utility deregulation - become more risk adverse

— competition from natural gas

Developing countries require large amounts of new capacity -
much of it coal fired, but CCTs will not be utilized

10



Clean Coal Technologies
Projected World Coal Consumption _

100
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Coal Consumption, Quadrillion Btu

N. Am W Eur FSU/EE Ind Asia Asia

Source: EIA International Energy Outlook, 1998, April 1998
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Clean Coal Technologies
Key Issues

e Coal will continue to be used domestically and internationally
e Carbon emissions will continue to rise

e Conventional coal combustion is 37% efficient

e CCTs offer the promise of efficiencies exceeding 50%

e Full commercial deployment of CCTs can cause or induce real
reductions in carbon emissions

e Full commercial deployment of CCTs will require incentives
for a limited number of early commercial applications

 Achievement of the CCTs full efficiency gain and emission
reduction potential will require a continued R&D effort to
support the early commercial applications

CoaL Uniuzanon ResearcH COUNCIL 12



Clean Coal Technologies
Benefits of Incentives for Early Commercial
Applications

e Accelerate commercial availability of CCTs as an option for
achieving economic and environmental goals

e Cause or induce real carbon emission reductions domestically
and internationally

e Keep US CCTs in forefront and globally competitive

e Create jobs and favorable economic contributions to the U.S.
economy

CoaL Urtiuzanon RESEaRCH COUNCIL 13



Clean Coal Technologies
Criteria for Incentives

e Tax incentives preferred over direct subsidies

e Address technical and economic risks of early commercial
applications of CCTs

e Program should focus on coal fired CCTs, but be robust enough
to address co-firing with renewables

e Apply only to those technologies that measurably increase
thermal efficiency and reduce carbon emissions

e Target both domestic and international early commercial
applications

e Address the higher capital and operating costs and the
increased potential, inherent with new technology, for
modifications to achieve design specifications

CoaL Unuzanon ResearcH COUNCIL 14



Clean Coal Technologies
Proposed Incentives

» Investment tax credit
— 20% of the project owner or parent company equity investment

e Production tax credit

— variable incentive based on the production rate and efficiency of the
technology over the first 10 years of operation

Operation Design Incentive for Incentive for
beginning Average Heat | First 5 years of Second 5
during or Rate Btu/kWh Operation, years of
before (HHV) cents/kWh Operation,
Generated cents/kWh
Generated
8400 or less 1.30 1.10
2004 8401-8550 1.00 0.85
8551-8750 0.90 0.70
7770 or less 1.00 0.80
2008 7771-8125 0.80 0.65
8126-8350 0.70 0.55
7720 or less 0.85 0.70
2012 7721-7380 0.70 0.45

CoaL Utniuizanon ResearcH COuNCIL 15



Clean Coal Technologies
Proposed Incentives (Continued)

e Risk pool

5% of the installed cost available from the Federal Gov'’t to cover
repairs or modifications required to achieve design performance
level during start-up and the initial 3 year operating period

e Qualification and selection criteria

limited capacity - 6000MW
limited period for installation - 2004 to 2012

every increasing efficiency threshold to qualify (39% to 46%),
higher in later years

selection based on maximum efficiency and lowest cost to
government

CoaL Uriuzanon RESEARCH COUNCIL
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Clean Coal Technologies
Environmental Impacts

e Environmental benefits:
— 10 million metric ton reduction in domestic carbon emissions from
the incentives
— 294 million metric ton reduction in international carbon emissions
from deployment of CCTs worldwide

— 25% of the reduction required under a Kyoto type agreement

CoaL Uniuzation RESEARCH COUNCIL 17



Clean Coal Technologies
Environmental Impacts

World Carbon Emissions in 2010 & 2020
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Clean Coal Technologies
Revenue Impacts

* Revenue impacts over 23 year period (1999 -2021)

Incentive 1999-2003 2004-2008 2009-2013 1999-2021
(Million 1998 $ NPV)

Investment Tax Credit $90 $73 $41 $203

Production Tax Credit $0 $377 $439 $1,023

Risk Pool $0 $135 $117 $276

Total $90 $585 $597 $1,502

CoaL Unuzanon RESEaARCH COURNCIL 19
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Clean Coal Technologies
Technology Promise

e Climate Change Technology Initiative proposed in Administration’s FY 2000
budget

— designed to promote energy efficiency, develop low carbon energy
sources and reduce greenhouse gas emissions

— $1.4 billion R&D spending on energy efficiency and renewable
energy technologies
— $0.4 billion for tax credits to stimulate adoption of energy efficient
technologies in building, industrial processes, vehicles, and power
generation
e FY 2000 budget proposes $321 million in bilateral and
multilateral environmental assistance to address climate change
issues in developing countries

o Clean Coal Technologies (CCTs) can be further developed
and deployed to cause or induce real increases in
efficiency and decreases in carbon emissions from
domestic and international electricity generation



Clean Coal Technologies
Incentive and R&D Program Objectives

 Fuel Diversity

— coal largest source of electricity generation
e US.-57%
* World - 38%
— coal is projected to remain the largest source of electricity
e EIA AEO98 - 51% in 2020 even with a 400% increase in natural gas
 OECD/IEA - 43% of the world’s electricity in 2020

e Technology Promise

— further R&D and deployment of early commercial applications will
result in increased generating efficiency and lower carbon
emissions

e Sustainable Economy

— coal must remain a viable, readily available, competitive source of
fuel for electricity generation, transportation fuels and chemical feed
stocks to promote economic growth, price stability and energy
security



Clean Coal Technologies
Carbon Emission Reduction Potential
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Clean Coal Technologies
Background

CCT program will be successfully completed with demonstrated
“first-of-a-kind” technologies to increase efficiency and reduce
pollutants

full commercial penetration requires 2-3 early commercial
applications of these promising technologies

developers unable to accept technical and financial risk of a “not
yet fully commercial” application

— lack of need for new base load capacity

— utility deregulation - become more risk adverse

— competition from natural gas

Developing countries require large amounts of new capacity -
much of it coal fired, but CCTs will not be utilized



Clean Coal Technologies
Projected World Coal Consumption

Coal Consumption, Quadrillion Btu
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Clean Coal Technologies
Key Issues

e Coal will continue to be used domestically and internationally
e Carbon emissions will continue to rise

o Conventional coal combustion is 37% efficient

 CCTs offer the promise of efficiencies exceeding 50%

* Full commercial deployment of CCTs can cause or induce real
reductions in carbon emissions

* Full commercial deployment of CCTs will require incentives
for a limited number of early commercial applications

* Achievement of the CCTs full efficiency gain and emission
reduction potential will require a continued R&D effort to
support the early commercial applications



Clean Coal Technologies
Criteria for Incentives

* Tax incentives preferred over direct subsidies

* Address technical and economic risks of early commercial
applications of CCTs

* Program should focus on coal fired CCTs, but be robust enough
to address co-firing with renewables

* Apply only to those technologies that measurably increase
thermal efficiency and reduce carbon emissions

* Place priority on early commercial applications in the US, but
allow for international applications, if domestic opportunities fail
to materialize

* Address the higher capital and operating costs and the
increased potential, inherent with new technology, for
modifications to achieve design specifications

b L . 8



Clean Coal Technologies
Proposed Incentives

Investment tax credit
— 10% of the project owner or parent company investment

Production tax credit

— variable incentive based on the production rate and efficiency of the
technology over the first 10 years of operation

Operation Design Incentive for Incentive for
beginning Average Heat | First 5 years of Second 5
during or Rate Btu/kWh Operation, years of
before (HHV) cents/kWh Operation,
Generated cents/kWh
Generated
8400 or less 1.30 1.15
2004 8401-8550 1.00 0.80
8551-8750 0.75 0.60
7770 or less 1.35 1.10
2008 7771-8125 1.15 0.90
8126-8350 0.90 0.80
7380 or less 1.55 1.35
7381-7720 1.35 1.15

2012




Clean Coal Technologies

Proposed Incentives (Continued)

e Risk pool
—~ 5% of the installed cost available from the Federal Gov't to cover

repairs or modifications required to achieve design performance
level during start-up and the initial 3 year operating period

* Qualification and selection criteria (o bt e

limited capacity - 6000MW o2~
limited period for installation - 2004 to 2012

every increasing efficiency threshold to qualify (39% to 46%),
higher in later years

selection based on maximum efficiency and lowest cost to
government

10



Clean Coal Technologies
Environmental Impacts

 Example of worldwide commercial applications:
— 10% of coal combustion by 2010
— 50% of new coal combustion between 2010 and 2015
— 75% of new coal combustion between 2015 and 2020

e Potential environmental benefits:

— 10 million metric ton reduction in domestic carbon emissions from
the incentives program

— 294 million metric ton reduction in worldwide carbon emissions per
year by 2020 from deployment of CCTs worldwide

— 25% of the developed country reduction required under a Kyoto
type agreement

N B R TP N T A S 11



Clean Coal Technologies
Environmental Impacts
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Clean Coal Technologies
Revenue Impacts

 Revenue impacts over 22 year period (2000 -2021)

Incentive 2000- 2005- 2010- 2000-
2004 2009 2014 2021
(Million 1998 $ NPV)
Investment Tax Credit $180 $145 $81 $406
Production Tax Credit $59 $383 $485 $1,214
Risk Pool $34 $136 $107 $276

Total $273 $664 $673 $1,896



Winter 1999

INCENTIVES FOR THE EARLY COMMERCIAL APPLICATIONS OF
CLEAN COAL TECHNOLOGY

The Challenge - Ensure that the U.S. energy supply is based on a diverse mix of fuels, incorporates the
benefits promised by new technology, guarantees a sustainable economy, and meets all environmental
goals.

The Solution - Clean Coal Technology (CCT) is critical to the U.S. effort to meet this challenge.

FUEL DIVERSITY  CCT can avoid a dependence on a limited number of fuel sources for U.S. power
production and will assure the reduction of carbon emissions without economic penalty.

TECHNOLOGY PROMISE CCT can dramatically increase efficiency and significantly reduce
emissions from coal combustion.

SUSTAINABLE ECONOMY CCT can preserve and promote economic growth, energy price stability
and national energy security by allowing coal to remain a readily available and competitive source of
clean fuel for electric generation, transportation fuels and chemical feed stocks.

Today, a number of emerging clean coal technologies (CCTs) stand ready to be further developed and
deployed to bring about real increases in the conversion efficiency of coal to electricity and real
decreases in carbon emissions from power generation domestically and internationally. However, full
commercial penetration for these technologies first requires building and operating experience from
several early commercial applications for each major technology category. It is in the best interests of
the United States to drive development of these early commercial applications as soon as possible, both
at home and overseas. This will:

e accelerate the availability of commercially mature CCTs to enable the United States to meet future
economic and environmental goals;
result in real reductions of greenhouse gases wherever these early commercial applications occur;
keep U.S. industry in the forefront of the world market place for CCTs; and
create jobs and favorable economic contributions to the U.S. economy.

The Action Required - Development of these early commercial CCT applications will require a new
program of limited financial incentives and continued R&D funding to overcome the associated
technological and economic risks. The proposed program would be limited in scope (6000MW) and
timing (installations placed in service between 2004 and 2012) and the technologies would be required
to meet ever-increasing performance levels to qualify. U.S. tax code should be amended to provide for
the following incentives:

(1) an Investment Tax Credit equal to 20% of the project owner’s equity investment,

(2) a Production Tax Credit for each kilowatt hour generated over the first 10 years of operation and based
on the technologies design net heat rate, and

(3) a Risk Pool to offset costs, if any, for modifications resulting from the technology's failure to achieve

its design performance during start-up and initial operation, limited to 5% of the total installed cost of
the project.

CoaL UtiLizaTioN ResearcH CounciL
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(1) Investment Tax Credit

The U.S. owner(s) or U.S. parent company(s) of the owner(s) of a Qualifying Clean Coal
Technology, which is installed in the U.S. or abroad between 2000 and 2012, shall be
entitled to a tax credit equal to 20% of the project owner’s equity investment.

(2) Production Tax Credit

The U.S. owner(s) or U.S. parent company(s) of the owner(s) of a Qualifying Clean Coal
Technology, which is installed in the U.S. or abroad and begins operation between 2000
and 2012, shall receive a production tax credit for each kilowatt hour generated over the
first 10 years of operation and based on the technologies design net heat rate as
indicated in the table below:

Operation | Design Average Incentive for Incentive for
beginning Net Heat Rate, First 5 years of |Second 5 Years of
during or | Btu/kWh (HHV)* Operation, Operation,
before cents/kWh cents/kWh
Generated Generated
8400 or less 1.30 1.10
2004 8401-8550 1.00 0.85
8551-8750 0.90 0.70
7770 or less 1.00 0.80
2008 7771-8125 0.80 0.65
8126-8350 0.70 0.55
7720 or less 0.85 0.70
2012 7721-7380 0.70 0.45

*Note: Increased efficiency is equivalent to a lower net heat rate.
(3) Risk Pool

The federal government shall establish a financial Risk Pool that would be available to
the U.S. owner(s) of a Qualifying Clean Coal Technology, installed in the U.S. or
abroad, during its first 3 years of operation to offset costs, if any, for modifications
resulting from the technology's failure to achieve its design performance during start-up
and initial operation. The total amount of recoverable costs shall be limited to 5% of the
total installed cost of the project.

COAL UTILIZATION RESEARCH COUNCIL
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(4) Definitions:

(a) Conventional Technology - (i) coal-fired combustion technology with a design
average net heat rate of not less than 9,300 Btu/kWh (HHV) and a carbon equivalents
emission rate of not more than 0.53 pounds of carbon per kilowatt hour; or (ii) natural gas-
fired combustion technology with a design average net heat rate of not less than 7,500
Btu/kWh (HHV) and a carbon equivalents emission rate of not more than 0.24 Ibs. of
carbon per kilowatt hour.

(b) Clean Coal Technology (CCT's) - advanced technology that utilizes coal to produce
50% or more of its thermal output as electricity including advanced pulverized coal or
atmospheric fluidized bed combustion, pressurized fluidized bed combustion, integrated
gasification combined cycle, and any other advanced combustion technology that
exceeds the performance of the conventional technology specified above.

(c) Qualifying Clean Coal Technology - (i) applications totaling 1,000 MW of advanced
pulverized coal or atmospheric fluidized bed combustion technology installed as a new,
retrofit, or repowering applications and operated between 2000 and 2010 that have a
design average net heat rate of not more than 8,750 Btu/kWh; (ii) applications totaling
1,500 MW of pressurized fluidized bed combustion technology installed as a new, retrofit,
or repowering applications and operated between 2000 and 2012 that have a design
average net heat rate of not more than 8,400 Btu/kWh; (iii) applications totaling 1,500 MW
of integrated gasification combined cycle technology installed as a new, retrofit, or
repowering applications and operated between 2000 and 2012 that have a design
average net heat rate of not more than 8,550 Btu/kWh; and (iv) applications totaling 2000
MW or equivalent of technology for the production of electricity installed as a new, retrofit,
or repowering application and operated between 2000 and 2012 that have a carbon
emission rate that is no more than 85% of conventional technology. Clean coal
technology projects receiving or scheduled to receive funding under the Department of
Energy’s Clean Coal Technology Program, shall not be eligible to be a Qualifying Clean
Coal Technology as defined above.

(d) Design Average Net Heat Rate - shall be based on the design average annual heat
input and the design average annual net electrical generating capacity of the Qualifying
Clean Coal Technology at standard conditions. Co-generation of steam shall not be
considered in determining a technology’s Design Average Net Heat Rate.

(e) Project Selection Criteria - shall be established by the Department of Energy as part
of a competitive solicitation for selecting Qualifying Clean Coal Technologies and the
primary selection criteria shall be minimum design average net heat rate, maximum
design average thermal efficiency and lowest cost to the govemment. DOE may
establish other supplemental selection criteria as appropriate.

COAL UTILIZATION RESEARCH COUNCIL
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Incentives and R&D Program for the

Early Commercial Applications of Clean Coal Technology

In October of 1997, President Clinton proposed a three-stage approach for the U.S. to
address climate change. The first stage consists of immediate actions to stimulate
development and use of technologies that can minimize the cost of meeting U.S. goals
for reducing greenhouse gas emissions. Among the actions were proposals for funding
R&D as well as tax incentives aimed at deployment of energy efficient, renewable
energy and carbon-reduction technologies. For the electricity-generating sector, the
proposals called for DOE to initiate a research program on innovative new approaches
to coal combustion that offer the possibility of much lower carbon emissions than
existing technologies. While an increased emphasis on researching new technologies
is needed, there are a number of emerging clean coal technologies (CCT's) that could
be further developed and deployed to cause or induce real increases in the conversion
efficiency of coal to electricity, which would in turn cause or induce real decreases in
carbon emissions from power generation domestically and internationally through the
use of U.S. technologies. The following discussion addresses the objectives,
background and financial incentives for a program of incentives and research and
development for the early commercial applications of Clean Coal Technologies.

Fuel Diversity - Coal combustion is currently the largest source of energy for electricity
production in the U.S. (55%) as well as the rest of the world (38%) and
is projected to remain so for the foreseeable future. Development and
deployment of highly efficient clean coal technologies will allow for the
reduction of carbon emissions and avoid a dependence on a limited
number of fuel sources for U.S. power production. According to the
ElA's latest Annual Energy Outlook', coal is projected to generate 57%
of the electricity consumed in 1998, and is to produce 52% and 51%
respectively in 2010 and 2020. Coal remains the major U.S. source of
electricity, even after over a 400% increase in electricity produced from
natural gas between 1998 and 2020. The Intemational Energy Agency
of the OECD has projected that coal will provide 43% of the world's
electricity in 20202 Development and deployment of these
technologies globally will allow for the double opportunities of exporting
U.S. technologies and reducing carbon emissions from developing
countries.

' Energy Information Administration, Annual Energy Outlook 1998, Washington DC, November 1997.
? International Energy Agency, World Energy Prospects To 2020, Paris, March 1998.
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Technology Promise - The clean coal technology program has allowed for the
demonstration of a number of first-of-a-kind technologies that can
increase efficiency and reduce carbon emissions from coal combustion.
With further R&D and deployment, these technologies can be optimized
for increased efficiency and lower carbon emissions and their technical
and economic viability can be validated to ensure their commercial
feasibility to enter the market place in the intermediate term (2010).

Sustainable Economy - Coal must remain a viable, readily available, and competitive
source of fuel for electric power generation and become a significant
source of transportation fuels and chemical feed stocks in order to
preserve and promote economic growth, energy price stability and
national energy security.

Background for the Clean Coal Technology Program

It is in the U.S. national interest to retain coal as a viable fuel source in order to
preserve fuel flexibility and to assure energy security for the country. In the past, coal
related R&D and technology demonstration efforts have shown that coal can be burned
in a manner that is consistent with the country's economic and environmental goals.
The current Clean Coal Technology Program has demonstrated a number of excellent
options to increase efficiency and reduce emissions. However, full commercial
penetration of these technologies will require building and operating experience from

the next 2-3 early commercial applications for each major technology category, e.g.
APCS, PFBC, IGCC, etc.

In order to install these early commercial applications, the designer, manufacturer,
financier and owner must be willing to accept the technological and economic risk
associated with the not yet fully commercial technology. With impending deregulation,
electricity producers in the U.S. are not able to assume this risk in comparison to
installing conventional technologies. After deregulation, 2005 and beyond, the
developers of new electric generating plants will typically be more risk adverse.

Furthermore, the U.S. currently has ample generating capacity through 2005 and little if
any base-load capacity will be constructed. New capacity, which may be installed, will
most probably be natural gas-fired because of its lower equipment cost and projected
lower cost of gas over the near term. In contrast to the U.S., developing countries will
be installing large amounts of new generating capacity and much of it will be coal-fired.

Therefore it is in the best interests of the U.S. to promote the installation of these early

commercial applications as soon as possible, including consideration of encouraging
U.S. companies and U.S. clean coal technology to be installed overseas. This will:

COAL UTILIZATION RESEARCH COUNCIL
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* accelerate the availability of commercially mature CCT's so that the option is
available to the U.S. to meet its future economic and environmental goals;
* result in real reductions of greenhouse gases wherever these early commercial
applications occur;
* keep U.S. industry in the forefront of CCT development and competitive in the
world market place; and

* create jobs and favorable economic contributions to the U.S. economy.

Promotion of the installation of these early commercial applications of the CCT's will
require continued R&D funding and new financial incentives to overcome the
associated technological and economic risks.

Criteria for Financial | tives for the Early C ial Aoplicati f Clean Coal
Technology:

Tax Incentives are preferred over direct subsidies.
Incentives are to address technical and commercial risk associated with the
development and deployment of a new technology.

» Program should be robust enough to encompass all fuels, but have a primary
emphasis on coal.

» Program should have a limited timeframe of 2000 to 2012 to address only the
early commercial applications of new technologies.

* Incentives would apply only to those technologies that measurably increase
thermal efficiency or reduce carbon emissions in comparison to conventional
technologies.

* Incentives should first target domestic markets for deployment of the early
commercial applications, but the incentives should be applicable to international
applications of qualifying U.S. technologies by U.S. companies if domestic
markets fail to offer sufficient opportunities for timely commercialization.

br, . ) . " lean Coal
Technology:

The following incentives represent the minimum set of financial mechanisms that
will overcome the higher capital cost and greater operating risk associated with
early commercial applications of CCT's. Exclusion of any one of the incentives will
cause the CCT to become uneconomical or too great a risk for the owner to install the
technology in comparison to conventional technology, which at the present time would
most likely be natural gas combined cycle technology.

COAL UTILIZATION RESEARCH COUNCIL
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Proposed Incentives:

Section 1 - Incentives

(1) Investment Tax Credit - The U.S. owner(s) or U.S. parent company(s) of the
owner(s) of a Qualifying Clean Coal Technology, which is installed in the U.S. or
abroad between 2000 and 2012, shall be entitled to a tax credit equal to 20% of
the project owner’s equity investment.

(2) Production Tax Credit - The U.S. owner(s) or U.S. parent company(s) of the
owner(s) of a Qualifying Clean Coal Technology, which is installed in the U.S. or
abroad and begins operation between 2000 and 2012, shall receive a production
tax credit for each kilowatt hour generated over the first 10 years of operation and
based on the technologies design net heat rate as indicated in the table below:

Operation | Design Average Incentive for Incentive for
beginning Net Heat Rate, First 5 years of |Second 5 Years of
duringor | Btu/kWh (HHV)* Operation, Operation,
before cents/kWh cents/kWh
Generated Generated
8400 or less 1.30 1.10
2004 8401-8550 1.00 0.85
8551-8750 0.90 0.70
7770 or less 1.00 0.80
2008 7771-8125 0.80 0.65
8126-8350 0.70 0.55
7720 or less 0.85 0.70
2012 7721-7380 0.70 0.45

*Note: Increased efficiency is equivalent to a lower Net Heat Rate.

(3) Risk Pool - The federal government would establish a Risk Pool that would
be available to the owner(s) of a Qualifying Clean Coal Technology, which is
installed in the U.S. or abroad, during its first 3 years of operation to offset costs,
if any, for modifications resulting from the technology's failure to achieve its
design performance during start-up and initial operation. The total amount of
recoverable costs shall be limited to 5% of the total installed cost of the project.

COAL UTILIZATION RESEARCH COUNCIL
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Section 2 - Definitions:

(a) Conventional Technology - (i) coal-fired combustion technology with a
design average net heat rate of not less than 9,300 Btu/kWh (HHV) and a carbon
equivalents emission rate of not more than 0.53 pounds of carbon per kilowatt
hour; (ii) natural gas-fired combustion technology with a design average net heat
rate of not less than 7,500 Btu/kWh (HHV) and a carbon equivalents emission
rate of not more than 0.24 Ibs. of carbon per kilowatt hour.

(b) Clean Coal Technology (CCT's) - advanced technology that utilizes coal to
produce 50% or more of its thermal output as electricity, including advanced
pulverized coal or atmospheric fluidized bed combustion, pressurized fluidized
bed combustion, integrated gasification combined cycle, and any other advanced
combustion technology that exceeds the performance of the conventional
technology specified above.

(c) Qualifying Clean Coal Technology - (i) applications totaling 1,000 MW of
advanced pulverized coal or atmospheric fluidized bed combustion technology
installed as a new, retrofit, or repowering applications and operated between
2000 and 2010 that have a design average net heat rate of not more than 8,750
Btu/kWh; (ii) applications totaling 1,500 MW of pressurized fluidized bed
combustion technology installed as a new, retrofit, or repowering applications and
operated between 2000 and 2012 that have a design average net heat rate of not
more than 8,400 Btu/kWh; (iii) applications totaling 1,500 MW of integrated
gasification combined cycle technology installed as a new, retrofit, or repowering
applications and operated between 2000 and 2012 that have a design average
net heat rate of not more than 8,550 Btu/kWh; and (iv) applications totaling 2000
MW or equivalent of technology for the production of electricity installed as a new,
retrofit, or repowering application and operated between 2000 and 2012 that have
a carbon emission rate that is no more than 85% of conventional technology.
Clean coal technology projects receiving or scheduled to receive funding under
the Department of Energy’s Clean Coal Technology Program, shall not be eligible
to be a Qualifying Clean Coal Technology as defined above.

(d) Design Average Net Heat Rate - shall be based on the design average
annual heat input and the design average annual net electrical generating
capacity of the Qualifying Clean Coal Technology at standard conditions. Co-
generation of steam shall not be considered in determining a technology's Design
Average Net Heat Rate.

(e) Project Selection Criteria - shall be established by the Department of Energy
as part of a competitive solicitation for selecting Qualifying Clean Coal
Technologies and the primary selection criteria shall be minimum design average
net heat rate, maximum design average thermal efficiency and lowest cost to the
govemment. DOE may establish other supplemental selection criteria as
appropriate.

CoAL UTILIZATION RESEARCH COUNCIL
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Impact on U.S. Tax Revenue from the Incentives and R&D Program for the Early
Commercial Applications of Clean | Technol :

The cost of the tax incentives and Risk Pool appropriations requirements over the first
10 years of the program would be $675 million (1998%). The total cost of the program
over its 22 years life would be $1,502 million.

The EIA® has estimated that between 1998 and 2020, 24,000 MW of coal-fired and
169,930 MW of natural gas-fired electric generating capacity will be installed in the U.S.
Encouraging the early commercial application of CCT's with a combined generating
capacity of 6,000 MW to be part of this new capacity could be accomplished through a
combination of investment tax credits and production tax credits offered over a limited
number of years. It is anticipated that the 6,000 MW of CCT's will be installed in steps
with each subsequent installation achieving improved operating and financial
performance. It takes approximately 3 years to build a commercial CCT project;
therefore, it is unlikely that any Qualifying CCT's would be placed into service before
2004. Theses CCT's would need to be operated several years to validate their
performance and provide a basis for further improvement of a technology's operating
and financial characteristics.

At the earliest, the next set of CCT's would be placed into service in 2008 with the third
and final set of qualifying CCT's coming on line in 2012. The period during which a
Qualifying CCT must be placed in service to receive the tax credits is 2000 to 2012.
The investment tax credits would apply to the first 4 years of construction and the
production tax credit would apply to the first 10 years of operation. The Risk Pool
would apply to the first 3 years of operation of each Qualifying CCT. The total period

during which Qualifying CCT's could be receiving tax credits would be from 2000 to
2021.

The estimated impact on tax revenues of the credits and the appropriations
requirements of the Risk Pool are shown in the following table:

Financial Impact of Qualifying CCT's Tax Credits
(million 1998 $ NPV)
1999-2003 2004-2008 2009-2013 1999-2021
Investment Tax Credit $90 $73 $41 $203
Production Tax Credit $0 $377 $439 $1,023
Risk Pool Appropriation $0 $135 $117 $276
Total $90 $585 $597 $1,502

The risk pool exposure to the federal government would be $276 million, which is 5% of

the total installed cost of the CCT's.

*EIA, AEO1998
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because not all installations would be expected to experience problems severe enough

during start-up and initial operation to require the use of all 5% of their installed cost.

The proposal is not open-ended like many previous tax incentives for developing
technologies. There is an upper limit on the amount of clean coal technology that could
be constructed under these tax incentives. The limitation is included in paragraph (4)
Definitions, in terms of megawatts of capacity. No more than 6,000 MW of CCT's could
receive these tax incentives. The proposal includes scenarios, for analysis purposes,
as to how many plants of different types might be constructed. However, the number
may vary, but not the limitation of 6,000 MW of electricity generating capacity.

An explanation of the assumptions and financial projections for the tax revenue impacts
is contained in attachment A.

A common trait among all of the CCT's is an increase in the thermal efficiency of
converting fuel to electricity. Conventional technology being installed around the world
today is approximately 37% efficient. It is anticipated that by 2010, advanced
pulverized coal-fired systems, extemally-fired heat exchanger power systems,
advanced gasification combined cycle and advanced pressurized fluidized bed
combustion will be able to achieve efficiencies of 45% to 47%. In addition, by 2020,
hybrids of these same technologies with further improvements, combined with fuel cell
technology are expected to achieve efficiencies of up to 60%.

As a result of these efficiency increases, greenhouse gas emissions of carbon will
decrease by an amount equal to the improvement in efficiency over conventional
technology. Over its forty-year life a conventional 450MW pulverized coal-fired electric
generating unit would emit 32 million metric tons of carbon. By contrast, an advanced
integrated gasification combined cycle (IGCC) unit would emit 29 million tonnes if
installed today and would improve to between 26 million tonnes and 21 million tonnes if
the advanced versions were available and installed in 2010 and 2020 respectively.
This represents a potential reduction in carbon emissions of 35%. The DOE has
estimated that the energy savings from increasing efficiency in U.S. coal-fired power
plants to 50% would be the equivalent of:

o replacing 1.8 Billion light bulbs with energy saving types; or
o weatherizing 490 million homes - more than 5 times the number of U.S.
homes.

The attached graph and table present the estimates of life cycle emissions of
greenhouse gases.
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The 24,000 MW of conventional coal-fired capacity that EIA has projected to be

installed between 1998-2012 would have an electricity production efficiency of

approximately 37%. While the efficiencies of the 4,000 MW of electricity generating

CCT's that are anticipated to be installed as a result of the tax incentives would range

from 39 to 46%. The greater the efficiency, the lower the amount of emissions for the

same amount of electricity produced. Installation of CCT's as opposed to conventional

coal-fired technology would result in a reduction of carbon emissions of 1.2 million
tonnes by 2008 and 10.7 million tonnes by 2021.

If a sufficient number of early commercial applications of the electricity generating
CCT's were to occur and the technologies reached the anticipated level of economic
and technical performance, it is reasonable to assume that they would account for a
significant portion of the replacement and new generating capacity that would be
installed globally. The global impact of these installations would be to reduce carbon
emissions by an amount proportional to their improvement in efficiency over
conventional technology that would otherwise be installed.

The EIA* projects that total world carbon emissions were 5.8 billion metric tons in 1990
and will increase to 10.5 billion metric tons by 2020. If deployment of CCT's in the
industrialized countries and the developing countries of Asia and Africa resulted in
capacity additions equal to (1) 10% of the coal supplied energy utilized in 2010, (2) 50%
of capacity additions between 2010 and 2015 and (3) 75% of the additions between
2015 and 2020, annual total world carbon emissions could be reduced by 294 million
metric tons in 2020 with further decreases each year in which deployment increased.
This is approximately a 3% reduction of world carbon emissions and is equivalent to
25% (294/1180) of the reduction required from developed countries in 2020 under
provisions similar to those of the Kyoto Protocol. This reduction projection does not
consider generating capacity that will be retired and replaced with advanced
technologies, which would provide further reductions in carbon emissions. The
attached graph and summary table provides an estimate of world carbon emissions on
a regional basis for a business-as-usual case and a deployment of CCT's case.

The government and industry must work together to support an appropriate balance of
short-term and long-term activities required to develop and commercialize technology
which will permit the economic, efficient, and environmentally compatible use of coal.
This can be accomplished through a sustained collaborative effort between private
industry and government.

Collaboration can best be achieved through communication, cooperation, and
education in the design and execution of a targeted R&D program that focuses on

* Energy Information Administration, Intenational Energy Outlook 1998 With Projections through 2020,
Washington DC, April 1998.
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assisting the development and commercialization of coal utilization technologies. With

limited financial resources, government and industry can leverage available funds
through such a collaborative effort. U.S. based technological progress will be vital for

satisfying domestic and global energy and environmental needs, while supporting
domestic economic well being.

The current portfolio of DOE Fossil Energy programs should continue to be funded with
additional emphasis on those programs that will have the greatest impact on:

« efficiency, (e.g. ATS, HIPPS, Ultra-Supercritical Steam Cycle, IGCC and
advanced PFBC); and

» component reliability of operation for such technologies as high temperature
particulate filters, hot gas desulfurization, coal feed/ash withdrawal, syngas
burners for advanced PFBC's and IGCC'S, and material technology.

The potential timeframes in which the CCT's in the current DOE portfolio could be
displayed are shown in attachment B. The specific schedules for accomplishing the
development of each program element is primarily a function of budget resources.

Presently, it is not possible to relate the DOE's budget to attachment B and make
meaningful judgments as to how budget reallocations or additions would affect the
availability of each C