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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, Bechtel
Corporation, Global Energy Incorporated, Nexant Incorporated, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that that its use would not infringe privately owner rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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PREFACE TO THE AUGUST 2003 REVISION

This August 2003 revision to the original report was prepared to correct some typographical
errors and some calculation errors in the CO emission levels that were discovered since the
issuance of the report. The revised CO emission levels are somewhat lower than the
previously reported values.

This report was prepared as an account of the Task 1 work on Department of Energy
Contract DE-AC26-99FT40342 by Bechtel, Global Energy, and Nexant. Since all the
technical work under this contract was completed, ConocoPhillips acquired the proprietary
gasification technology from Global Energy Inc. on August 7, 2003. Thus, the patents and
intellectual property associated with the E-GAS™ technology for gasification now are the
property of ConocoPhillips who should be contacted for further information concerning the
technology.
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Abstract

Nexant and Global Energy Inc. performed this Gasification Optimization Study under Department
of Energy contract DE-AC26-99FT40342. The goal of this series of design and estimating efforts
was to start from the as-built design and actual operating data from the DOE sponsored Wabash
River Coal Gasification Repowering Project and to develop optimized designs for several coal and
petroleum coke IGCC power and coproduction projects.

First, the team developed a design for a grass-roots plant equivalent to the Wabash River Coal
Gasification Repowering Project to provide a starting point and a detailed mid-year 2000 cost
estimate based on the actual as-built plant design and subsequent modifications (Subtask 1.1).
This non-optimized plant has a thermal efficiency to power of 38.3% (HHV) and a mid-year 2000
EPC cost of 1,681 $/kw.!

This design was enlarged and modified to become a Petroleum Coke IGCC Coproduction Plant
(Subtask 1.2) that produces hydrogen, industrial grade steam, and fuel gas for an adjacent Gulf
Coast petroleum refinery in addition to export power. A structured Value Improving Practices (VIP)
approach was applied to reduce costs and improve performance. The base case (Subtask 1.3)
Optimized Petroleum Coke IGCC Coproduction Plant increased the power output by 16% and
reduced the plant cost by 23%. The study looked at several options for gasifier sparing to enhance
availability. Subtask 1.9 produced a detailed report on this availability analyses study. The Subtask
1.3 Next Plant, which retains the preferred spare gasification train approach, only reduced the cost
by about 21%, but it has the highest availability (94.6%) and produces power at 30 $/MW-hr (at a
12% ROI). Thus, such a coke-fueled IGCC coproduction plant could fill a near term niche market.
In all cases, the emissions performance of these plants is superior to the Wabash River project.

Subtasks 1.5A and B developed designs for single-train coal and coke-fueled power plants. This
side-by-side comparison of these plants, which contain the Subtask 1.3 VIP enhancements,
showed their similarity both in design and cost (1,318 $/kW for the coal plant and 1,260 $/kW for
the coke plant). Therefore, in the near term, a coke IGCC power plant could penetrate the market
and provide a foundation for future coal-fueled facilities.

Subtask 1.6 generated a design, cost estimate and economics for a multiple train coal-fueled IGCC
powerplant, also based on the Subtask 1.3 cases. The Subtask 1.6 four gasification train plant has
a thermal efficiency to power of 40.6% (HHV) and cost 1,066 $/kW.

The single-train Subtask 1.4 plant, which uses an advanced “G/H-class” combustion turbine, can
have a thermal efficiency to power of 44.5% (HHV) and a plant cost of 1,096 $/kW. Multi-train
plants will further reduce the cost. Again, all these plants have superior emissions performance.

Subtask 1.7 developed an optimized design for a coal to hydrogen plant. At current natural gas
prices, this facility is not competitive with hydrogen produced from natural gas. The preferred
scenario is to co-produce hydrogen in a plant similar to Subtask 1.3, as described above.

Subtask 1.8 evaluated the potential merits of warm gas cleanup technology. This study showed
that selective catalytic oxidation of hydrogen sulfide (SCOHS) is promising. As gasification
technology matures, SCOHS and other improvements identified in this study will lead to further
cost reductions and efficiency improvements.

L All plant costs mentioned in this report are mid-year 2000 EPC costs which exclude contingency, taxes, licensing fees
and owners costs (such as land, operating and maintenance equipment, capital spares, operator training, and commercial
test runs. These excluded items are included in the subsequent discounted cash flow financial analyses.
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Executive Summary

This “Gasification Plant Cost and Performance Optimization” project, contract number
DE-AC26-99FT40342, examines the current state-of-the-art of coal gasification to provide
baseline optimized design cases from which the Department of Energy can measure future
progress towards commercialization of gasification processes and achievement of the Vision
21 program goals. This optimization focus or metric was to minimize the cost of electric
power produced by IGCC plants primarily by reducing the plant capital cost, increasing the
efficiency, increasing the overall system availability, co-producing products, and reducing
the operating and maintenance costs.

The Vision 21 concept is the approach being developed by the U. S. Department of Energy
to promote energy production from fossil fuels in the 21st century. The objective is to
integrate advanced concepts for high efficiency power generation and pollution control into a
new class of fuel-flexible facilities capable of co-producing electric power, process heat, high
value fuels, and chemicals with virtually no emissions of air pollutants. Also, it will be
capable of a variety of configurations to meet different marketing needs, including both
distributed and central power generation.

Gasification systems are inherently clean, relatively efficient, and commercially
demonstrated for converting inexpensive fuels such as coal and petroleum coke into electric
power, steam, hydrogen, and chemicals. However, the gasification system also is relatively
complex and costly. Optimization should allow IGCC to become the preferred low cost
power generation option.

Starting from the DOE sponsored Wabash River Coal Gasification Repowering Project (at
Terre Haute, Indiana), a design and mid-year 2000 cost were developed for a grass-roots
plant equivalent to the Wabash River facility. This case updates the then current Wabash
River plant by including all modifications and improvements that were made since the initial
startup. The mid-year 2000 cost of the grass-roots plant was developed based on the actual
construction cost of the Wabash River facility and subsequent modifications; thereby
providing a sound cost basis for the subsequent cases.

Table ES-1 summarizes all these cases. The cases described in this table are planning
studies to show some options and applications of the E-GAS™ gasification technology.

Significant reductions were achieved. On a $/kW basis, the cost of the 416 MW advanced
Subtask 1.4 single-train IGCC power plant was reduced by 34% compared to the 269 MW
Wabash River base case (1,116 $/kW vs. 1,681 $/kW)’. The required power selling price for
a 12% after tax ROl was reduced by about 41% to 39.8 $/MW-hr using a conservative
economic scenario.® Additional improvements have the potential to reduce the cost to 1,096
$/kW-hr, to lower the power price to 39.0 $/MW-hr, and to increase the overall thermal
efficiency to 45.4% (HHV) including the byproduct sulfur (44.5% to power).

2 All costs are mid-year 2000 costs. They are presented here to show the relative differences between the cases.
Current cost estimates should be developed for any proposed application.
3 All power costs are current year 2000 power costs which increase at 1.7%/year.

ES-1
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The economics for a current day, multi-train IGCC plant (Subtask 1.6) having a design
power output of 1,155 MW are almost as good. It will produce a 12% ROI with a current
power selling price of 40.2 $/MW-hr, and it costs even less at 1,066 $/kW".

An optimized petroleum coke IGCC coproduction plant (Subtask 1.3 Next Plant) located on
the U. S. Gulf Coast can dispatch power at 30.0 $/MW-hr while having a 12% ROI. Such a
plant will produce 474 MW of export power, 980,000 Ib/hr of 750°F/700 psig steam, and 80
MMscfd of 99.0% hydrogen from 5,417 tpd of dry petroleum coke. Because these plants
use a low-value feed and coproduce high value products, they currently are economically
attractive, and several projects presently are under development. Furthermore, they provide
stable long-term costs for the power, steam and hydrogen that are independent of the
volatile price of natural gas.

This study report contains general non-confidential information for each of the study cases,
such as basic process information, plant layout schedule, and costs. Interested parties who
wish to obtain current, detailed confidential project specific information and explore IGCC
further, should contact either Bechtel, Global Energy or Nexant.

The above cost reductions were achieved by application of Value Improving Practices.
Value Improving Practices are focused activities aimed at removing non-value adding
investment from a project scope. This study utilized the following nine practices.

Technology Selection

Process Simplification

Classes of Plant Quality

Value Engineering

Availability (Reliability) Modeling

Design-to-Capacity

Plant Layout Otimization

Schedule (Constriction and Procurement) Optimization
Operating and Maintenance Savings

CoNOORWN =

Employing Value Improving Practices outside of a specific project removes the limitations of
schedule constraints and allows a more thorough examination of the ideas that were
generated during the process. The Value Improving Practices team, which consisted of
operating and maintenance personnel from the Wabash River plant, Global Energy’s
gasification experts, and Bechtel's engineers and construction specialists, examined all
aspects of the proposed plant and generated almost 300 value engineering ideas. Those
that were economically viable were incorporated into the optimized designs. Others that
require further research are being developed for future applications which will lead to further
cost reductions and efficiency improvements.

Gasification is viewed as the environmentally superior process for power generation from
coal. The Wabash River facility demonstrated the superior environmental performance of
gasification in terms of SOx, NOx, and particulate emissions. In a carbon constrained
environment, the CO, easily can be captured for sequestration or other uses. Even without
CO, capture, CO, emissions are minimized because gasification plants are more efficient.
The future Subtask 1.4 plant has a thermal efficiency to power of 44.5% (HHV) compared to
the 35% to 37% thermal efficiencies of conventional coal power plants. Compared to a 36%
efficient conventional power plant, the Subtask 1.4 plant will generate 24% less CO,
because it consumes 24% less coal. As gasification technology matures, further efficiency

ES-2
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improvements are expected (approaching 50% on a HHV basis); whereas little, if any,
improvement appears likely in conventional combustion power plants.

In the near term, for plants starting up in the 2005-2008 time period, the E-GAS™
technology has been demonstrated and commercialized. Achievement of the installed cost
goals through application of the optimization techniques shown in the study should be
realized in the first plants built, and they will provide a demonstrated basis for additional
projects. Operating cost levels already have been demonstrated to a great extent at
Wabash River.

Petroleum coke gasification projects could be the first to enter the marketplace. Several of
these have already started development. Wabash River has already demonstrated
petroleum coke gasification at a commercial scale. The new plants will demonstrate the
integration with petroleum refineries and the necessary reliability required to support refinery
operations. New capital cost and operating cost standards will be set. Furthermore, they
will support the technology and confirm the economics for the coal fueled IGCC power
plants that will follow.

As natural gas and power prices increase and environmental constraints for coal fired
generation tighten, coal IGCC should also penetrate the power market. As more coal and
coke IGCC plants are built, further improvements can be expected which will lead to
additional cost reductions that will make IGCC the preferred option for new base-load power
plants.

The gasification plant concepts developed in this study for the Subtask 1.6 1,000 MW coal
power plant may be competitive in today’s market or in the near future. Other applications
will develop as the technology matures. With these tools in hand, the United States can
move closer to energy independence based on utilizing our domestic resources of coal and
eliminating the export of petroleum coke.

The economics of coal-to-power IGCC facilities may be enhanced by federal and state
incentive programs which are aimed at increasing the fuel diversity of our power generation
resources. Such programs could speed the wider application of IGCC technologies in new
facilities and promote the repowering of older plants. Additional demonstration work may be
necessary to convince the financial community of the economic viability of IGCC facilities.

The following developments will be key to the long term commercialization of gasification
technologies and integration of this environmentally superior solid fuels technology into the
existing mix of power plants.
o Development of the “G/H-class” combustion turbine for syngas applications
Testing gasifier advancements including slurry feed vaporization in the second stage
Demonstration of warm gas clean-up technologies (e.g., SCOHS)
Testing of advanced wet and dry filtration options
Additional optimization work for the lower rank, sub-bituminous and lignite coals
Development and implementation of large capacity fuel cells; optimization of the
integration of gasification with advanced fuel cell processes
o Further advances in Fischer-Tropsch technology or other gas-to-liquids technologies
for the production of liquid transportation fuels from coal
o Develop a lower cost means of producing oxygen such as the ITM ceramic
membrane system

ES-3



Gasification Plant Cost and Performance Optimization
DE-AC26-99FT40342 Executive Summary

In summary, this study shows the potential of IGCC based systems to be competitive with, if
not superior to, conventional combustion power plants because of their higher efficiency,
superior environmental performance, and competitive cost.

ES-4
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Table ES-1

Task 1 Coal and Coke Gasification Plant Case Summaries

Case Subtask 1.1 Subtask 1.2 Subtask 1.3 Subtask 1.4
Description Wabash Petroleum Optimized Petroleum Coke IGCC Optimized
River Coke IGCC Coproduction Plant Coal to
Greenfield Coproduction Base Case Min Cost Spare Train Next Plant Power IGCC
Configuration
Plant Location Midwest Gulf Coast Gulf Coast Gulf Coast Gulf Coast Gulf Coast Midwest
Number of Air Separation Units 1 2 2 2 2 2 1
Number of Gas Turbines 1 2 2 2 2 2 1
Number of Gasification Trains 1 3 2 2 3 3 1
Number of Gasification Vessels 2 3 4 2 3 3 1
No of Syngas Processing Trains 1 3 2 2 2 2 1
Number of 50% H2 trains NA 3 2 2 2 2 NA
Design Feed Rates
Feedstock Type Coal Pet Coke  PetCoke PetCoke PetCoke PetCoke Coal
Coal or Coke, TPD as received 2,642 5,515 5,679 5,679 5,679 5,692 3,517
Coal or Coke, TPD dry 2,259 5,249 5,399 5,399 5,399 5,417 3,007
Feed, MMBtu HHV/hr 2,400 6,495 6,680 6,680 6,680 6,703 3,195
Feed, MMBtu LHV/hr 2,310.61 6,364 6,545 6,545 6,545 6,567 3,076
Flux, TPD 0 107 110.2 110.2 110.2 110.6 0
Water, gpm 2,790 4,830 5,146 5,146 5,146 5,223 3,079
Condensate, Mib/hr - 686 686 686 686 686 -
Oxygen, TPD of 95% 02 2,130 5,962 5,917 5,917 5,917 5,954 2,294
Oxygen, TPD of 02 2,008.69 5,622 5,580 5,580 5,580 5,615 2,164
Design Product Rates
Electric Power, MW 269.3 395.8 460.7 460.7 460.7 474.0 416.5
Steam (750°F/700 psig), Mib/hr 980.0 980.0 980.0 980.0 980.0
Hydrogen, MMscfd 79.4 80.0 80.0 80.0 80.0
Sulfur, TPD 57 367 372 372 372 373 77
Slag (@ 15% water), TPD 356 190 195 195 195 195 462
Fuel Gas, MMBtu HHV/hr 363 0 0 0 0
Solid Waste to Disposal, TPD - - - - - - 3.0
Gas Turbine
Type GE 7FA GE 7FA GE 7FA+e GE 7FA+e GE 7FA+e GE 7FA+e "G/H-class"
Fuel Input, Mib/hr 4114 861.9 984.6 984.6 984.6 1,016.8 543.8
Heat Input, MMBtu/hr LHV 1,675 3,374 3,580 3,580 3,580 3,592 2,427
Steam Injection, Mib/hr 111.0 164.2 429.1 429.1 429.1 395.7 620.1 of N2
Gross Power Output, MW 192 384 420 420 420 420 300
Cold Gas Efficiency (HHV), % 76.9 76.9 77.4 77.4 77.4 775 80.8
Steam Turbine Power, MW 118 118.8 150 150 150 164.3 164.1
Internal Power Use, MW 41 107 109 109 109 110 48
Heat Rate, HHV Btu/kW-hr 8,912 NA NA NA NA NA 7,671
Thermal Efficiency, % HHV
without Sulfur Byproduct 38.3 NA NA NA NA NA 445
Emissions
SOx as SO2, Ib/hr 312 306 385 385 385 350 37
NOx as NO2, Ib/hr 161 325 166 166 166 166 127
CO, Ib/hr 49 929 88 88 88 89 42
Sulfur Removal, % 96.7 99.5 994 994 994 99.4 99.7
Performance Parameters
Tons 02/ Ton of Dry Feed 0.889 1.071 1.034 1.034 1.034 1.037 0.720
Gross MW / Ton of Dry Feed 0.137 0.096 0.106 0.106 0.106 0.108 0.154
Net MW / Ton of Dry Feed 0.119 0.075 0.085 0.085 0.085 0.088 0.139
Emissions
SOx (S0O2) as Ib/MW-hr 1.159 0.773 0.836 0.836 0.836 0.738 0.089
SOx (S0O2) as Ib/MMBtu (HHV) 0.130 0.047 0.058 0.058 0.058 0.052 0.012
NOx (NO2) as Ib/MW-hr 0.598 0.821 0.360 0.360 0.360 0.350 0.305
NOx (NO2) as Ib/MMBtu (HHV) 0.067 0.050 0.025 0.025 0.025 0.025 0.040
CO, Ib/MW-hr 0.182 0.250 0.191 0.191 0.191 0.188 0.101
CO, Ib/MMBtu (HHV) 0.020 0.015 0.013 0.013 0.013 0.013 0.013
Daily Average Feed/Product Rates with Backup Natural Gas (Subtasks 1.1 and 1.7 are without Backup Natural Gas)
Coal or Coke, TPD dry 1,705 4,635 4,310 3,973 4,814 4,842 2,400
Coal or Coke, % of design 75.5% 88.3% 79.8% 73.6% 89.2% 89.4% 79.8%
Power, MW 203.2 374.3 430.0 425.4 436.4 448.4 387.8
Power, % of design 75.5% 94.6% 93.3% 92.3% 94.7% 94.6% 93.1%
Steam, Ibs/hr 972.2 958.6 946.2 974.1 974.6
Steam, % of design 99.2% 97.8% 96.6% 99.4% 99.4%
Hydrogen, MMscfd 78.8 775 76.5 78.7 78.8
Hydrogen, % of design - 99.2% 97.8% 96.6% 99.4% 99.4% -
Fuel Gas, MMBtu HHV/hr 360.1 0 0 0 0
Fuel Gas, % of design - 99.2% - - - - -
Natural Gas, Mscfd NA 10,099 20,000 26,977 9,303 9,059 8,896
Plant Cost, MM mid-2000 $* 452.6 993.2 764.0 746.0 812.6 787.3 464.7
Plant Cost, $/design kW 1,681 NA NA NA NA NA 1,116
Required Electricity Selling
Price for a 12% ROI, $/MW-hr?
Without Natural Gas Backup 67.5 - - - - - 42.8
With Natural Gas Backup 43.4 34.4 36.5 325 30.0 39.8

NA = Not Applicable
Revised July 31, 2003

1. All costs are mid-year 2000 EPC costs which exclude contingency, taxes, fees and owners costs. They are presented here to show the relative differences between cases.

Current cost estimates should be developed for any proposed applications.
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Subtask 1.5
Single Train Power

1.5A 1.5B
Coal Coke
Gulf Coast Gulf Coast
1 1
1 1
1 1
2 2
1 1
NA NA
Coal Pet Coke
2,754 2,077
2,355 1,977
2,481 2,446
2,389 2,397
0 40.3
2,840 2,525
2,015 2,143
1,900 2,021
284.6 291.3
60 136
364 71
GE 7FA+e GE 7FA+e
447.0 426.7
1,796 1,796
246.8 272.3
210 210
77.8 77.4
113 121
38.4 40.7
8,717 8,397
39.1 40.6
142 119
69 69
33 34
98.5 99.4
0.807 1.022
0.137 0.168
0.121 0.147
0.499 0.409
0.057 0.049
0.242 0.237
0.028 0.028
0.116 0.117
0.013 0.014
1,826 1,546
77.5% 78.2%
264.4 269.4
92.9% 92.5%
6,929 6,929
375.0 367.0
1,318 1,260
53.9 43.9
48.9 40.6

2. Power selling prices are presented to show a relative comparison between cases. The use of natural gas backup is described in Section 11.3.2.

ES5

Table ES-1
Subtask 1.6 Subtask 1.7
1,000 MW
Coal IGCC Coal to
Power Plant Hydrogen
Midwest Midwest
3 1
4 0
4 1
4 2
2 1
NA 2
Coal Coal
10,837 3,517
9,266 3,007
9,844 3,195
9,478 3,076
0 0
9,752 2,457
8,009 2,522 (99.5%)
7,553 2,507
1,154.6 -18.4
141.2
237 76
1,423 474
GE 7FA+e NA
1,741.6
7,184
1,037.8
840
78.0 76.5
465.2 70.6
151 89.0
8,526
40.0
438 191
275 27
131 1,840
98.9 98.5
0.815 0.834
0.141
0.125
0.379
0.044 0.060
0.238
0.028 0.008
0.113
0.013 0.576
7,018 2,470
75.7% 82.2%
1,081
93.6%
116.7
81.3%
34,960 NA
1,231.3 529.8
1,066
44.4 NA
40.2 NA
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Introduction

The Vision 21 concept is the approach being developed by the U. S. Department of Energy
to energy production from fossil fuels in the 21%' century. The objective is to integrate
advanced concepts for high efficiency power generation and pollution control into a new
class of fuel-flexible facilities capable of coproducing electric power, process heat, and high
value fuels and chemicals with virtually no emissions of air pollutants. Hopefully, it will be
capable of a variety of configurations to meet different marketing needs, including both
distributed and central power generation.

Vision 21 builds on technology advancements being made in the Energy Department’s
Fossil Energy Program. It will integrate ongoing research and development in advanced
coal and biomass gasification and combustion with next-generation fuel cells, high-
performance turbine technology, and advanced coal conversion systems.

A Vision 21 plant will be capable of using a variety of fuels, including coal and natural gas,
perhaps mixed with petroleum coke, biomass, or municipal wastes. In contrast to today’s
single product energy facilities, a Vision 21 plant could produce a multiple slate of products:
electricity, liquid and/or gaseous fuels, and industrial-grade heat and/or steam.

In the Department of Energy’s Fossil Energy Program. Vision 21 will serve as a “roadmap”
for future electric power and fuels research and development efforts. Key technologies will
be developed as modules with the goal of combining them into highly flexible energy
complexes. The Vision 21 roadmap will establish technical specifications for integrating
these modules. It will focus on the engineering challenges of reliability and operability of an
integrated “energyplex.”  Furthermore, it will identify the research and development
objectives that are needed to establish the technological foundation for an entirely new fleet
of energy facilities that could be deployed in the 2010-2030 timeframe.

Specifically, the Vision 21 goals are:
Power: Generating efficiencies greater than 60% using coal and greater than 75%
using natural gas. For comparison, current coal technology is 33 to 35% efficient, and
current natural gas technology is 45 to 55% efficient.

Combined Heat and Power: Overall thermal efficiencies of 85 to 90%.

Enviromental: Near zero emissions for all traditional pollutants, including smog- and
acid rain-forming pollutants.

Greenhouse Gas Reduction: Carbon dioxide emissions reduced by 40 to 50%
through efficiency improvements: reduced to zero (net) if coupled with carbon
sequestration.

Coproducts: Clean, affordable transportation quality fuels at costs equivalent to an

oil price of 20 $/barrel or less in 1998 dollars; also industrial-grade heat and/or steam
and the potential for fuel-grade gas production.
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Vision 21 will not be a single configuration. It will be a series of interconnected modules.
Future designers will integrate these modules to meet specific market needs. A Vision 21
plant might serve as the hub of an industrial complex, providing steam and/or heat in
addition to electric power. Another Vision 21 configuration might coproduce high-value
chemicals or fuel gases for neighboring manufacturing facilities. Or it might be a power
plant-coal refinery combination, producing electricity and liquid transportation fuels.

One of the core technologies in the Department of Energy’s Vision 21 program is coal
gasification because it produces a gas stream that can be used as a source of
e energy to produce electric power, or
hydrogen for fuel cells or chemical processes, or
carbon and hydrogen for making high-value chemicals, or
carbon and hydrogen for making high-quality liquid transportation fuels, or
energy as a fuel gas for industrial plants.

This “Gasification Plant Cost and Performance Optimization” project, contract number
DE-AC26-99FT40342, examines the current state-of-the-art of coal gasification to provide
baseline design cases from which the Department of Energy can measure future progress
towards achieving the Vision 21 goals. This study also illustrates how advanced
engineering design tools, previous design work, and operating experience acquired from the
coal gasification demonstration plant can lower the plant cost and improve the overall
project economics. Additional sensitivity cases were developed to demonstrate that
petroleum coke gasification with hydrogen and steam coproduction is commercially ready
and competitive. Operating experience from these commercial petroleum coke gasification
plants will reduce the technical risk and the capital and operating costs of future coal
gasification plants.

The Wabash River Repowering Project is the starting point for this study. The Wabash
River project repowered an existing steam turbine by the addition of a Global Energy gasifier
processing a nominal 2,500 tons/day of coal producing clean syngas for a General Electric
MS 7001 7A gas turbine and steam for powering the existing steam turbine.

This project is divided into three tasks. Task 1 is work that primarily deals with gasification
optimization using either coal or petroleum coke as fuel. The Optimized Coal IGCC Plant
will only produce electric power. The Optimized Petroleum Coke IGCC Coproduction Plant
will produce hydrogen and industrial-grade steam in addition to electric power. Task 2 will
study coal and petroleum coke gasification plants that will produce liquid transportation fuel
precursors in addition to electric power. If, implemented, Task 3 will examine conceptual
designs for advanced gasification plants including the integration with fuel cells and/or the
addition of carbon dioxide control technologies.

The primary objective of Task 1 was to develop optimized engineering designs and costs for
five Integrated Gasification Combined Cycle (IGCC) plant configurations. Starting from the
as-built design, operation, and cost information from the commercially proven Wabash River
Coal Gasification Repowering Project, the following eleven cases were developed:

e Wabash River Greenfield Plant.

¢ Non-optimized Petroleum Coke IGCC Coproduction Plant
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Optimized Petroleum Coke IGCC Coproduction Plants that will produce hydrogen
and industrial-grade steam in addition to electric power (Subtasks 1.3 and 1.3 Next
Plant — four cases)

A future optimized Coal IGCC Plant producing only power using a next generation
gas turbine (Subtask 1.4)

Single-train Coal and Coke IGCC Power Plants (Subtask 1.5 — two cases)
A Nominal 1,000 MW Coal IGCC Power Plant (Subtask 1.6)

A Coal to Hydrogen Plant (Subtask 1.7)

Figure 1.1 shows the chronological development of the above gasification plant designs.

In addition there are two other subtasks. Subtask 1.8 has the objective to develop a review
of various warm gas cleanup methods that are applicable to IGCC systems. The Subtask
1.8 cases cover a variety of processes and provide a look at future syngas cleanup
methods. Subtask 1.9 documents the method and results of the availability calculations for
the design subtasks.

Task 2 has the objectives of developing optimized designs, cost estimates and economics
for the following cases which will be built upon the Task 1 results.

A Petroleum Coke IGCC Coproduction Plant producing liquid transportation fuel
precursors in addition to electric power

A Coal IGCC Coproduction Plant producing liquid transportation fuel precursors in
addition to electric power

Similarly, Task 3 has the objectives of

To evaluate two mid-term gasification plant power system options with the potential
to meet the Department of Energy’s Vision 21 goals; 1.) incorporation of fuel cells,
and 2.), carbon dioxide separation and collection.

Additionally, conceptual designs and cost estimates for advanced IGCC power plant
designs achieving efficiencies approaching 60% and incorporating CO, separation
and collection shall be developed.

This report is the Topical Report for Task 1. It summarizes the individual task reports (which
are included as appendices) and discusses the overall purpose, results and potential of this
work. It is divided into the following chapters.

Chapter Title

| Introduction

Il Study Objectives and Methodology
i Study Basis and Overview

v The Petroleum Coke Cases

\Y The Coal Cases
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VI Environmental Impacts
Vi Market Potential and Future Applications
VIII Summary and Recommendations
IX Acknowledgements

Chapter Il presents the objectives of this study and describes the methodology and Value
Improving Practices procedures that were employed to achieve these objectives.

Chapter Ill presents the basis for the study and an overview of what was done.

Chapter IV summarizes the Subtask 1.2, Subtask 1.3, Subtask 1.3 Next Plant, and Subtask
1.5B petroleum coke-fueled power and coproduction plants.

Chapter V summarizes the Subtask 1.1, Subtask 1.4, Subtask 1.5A, Subtask 1.6, and
Subtask 1.7 coal-fueled plants.

Chapter VI presents the environmental impacts of the IGCC cases.
Chapter VIl discusses the market potential and future application of IGCC facilities.

Chapter VIII briefly summaries the Task | work and provides recommendations for further
work

Chapter IX acknowledges the contributions of others.
In addition this report contains the following Appendices.

Appendix Title

A Subtask 1.1 — Wabash River Greenfield Plant

B Subtask 1.2 — Petroleum Coke IGCC Coproduction Plant

C Subtask 1.3 — Optimized Petroleum Coke IGCC Coproduction Plant

D Subtask 1.3 Next Plant — Next Optimized Petroleum Coke IGCC
Coproduction Plant

E Subtask 1.4 — Optimized Coal to Power IGCC Plant

F Subtask 1.5 — Comparison of Coal and Coke IGCC Plants

G Subtask 1.6 — Nominal 1,000 MW Coal IGCC Power Plant

H Subtask 1.7 — Coal to Hydrogen Plant

I Subtask 1.8 — Warm Gas Cleanup Review

J Subtask 1.9 — Availability Analysis

K Design Bases

L Technical Publications

Because this report describes plant designs that are based on proprietary information, some
key details are omitted. However, this report contains sufficient information to allow the
reader to assess the performance of Global Energy’s design for each subtask. Basic heat
and material balance information can be found in the block flow diagrams and the tables.
This information was taken from detailed PFD’s and heat and material balances developed
by the project team for each subtask. Design development included line sizings and marked
up P&IDs for piping takeoffs. This information can be used to check the overall mass,
carbon, and energy balances for the gasification plant and the power block, and possibly to
adapt these to new cases. However, the project team, particularly Global Energy, would
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prefer to generate project specific mass and energy balances under a secrecy agreement.
Such an agreement will allow Global Energy to provide additional details and to share
confidential information.
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Chapter |
Introduction

Figure 1.1

Schematic Diagram Showing the Chronological Development of the Gasification Plant Designs
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Chapter Il
Study Objectives and Methodology

1.1 Study Objectives

The objectives of this project are to examine the current state-of-the-art of coal gasification
and to develop designs that will reduce the cost of power generated by IGCC plants by
reducing their capital and operating costs, increasing their efficiency, and making them less
polluting. Cases using a petroleum coke feedstock and coproducing hydrogen and steam
also were developed as part of a market entry strategy for lowering the technical risk and
the capital and operating costs of future coal gasification plants. A secondary benefit is to
provide baseline cases from which the Department of Energy can measure future progress
towards achieving their Vision 21 goals.

The work is divided into three tasks. Task 1 is work that primarily deals with gasification
optimization using either coal or petroleum coke as fuel. The Optimized Coal IGCC Plant
will only produce electric power. The Optimized Petroleum Coke IGCC Coproduction Plant
will produce hydrogen and industrial-grade steam in addition to electric power. Task 2 will
study coal and petroleum coke gasification plants that will produce liquid transportation fuels
in addition to electric power. Task 3 will examine conceptual designs for advanced
gasification plants including the integration with fuel cells and/or the addition of carbon
dioxide control technologies.

Task 1 of this project has the objective to develop optimized engineering designs and costs
for four Integrated Gasification Combined Cycle (IGCC) plant configurations and a coal to
hydrogen plant. Starting from the as-built design, operation, and cost information from the
commercially proven Wabash River Coal Gasification Repowering Project, the following
optimized cases were developed:

1. Optimized Petroleum Coke IGCC Coproduction Plants that will produce hydrogen
and industrial-grade steam in addition to electric power (Subtasks 1.3 and 1.3 Next
Plant — four cases)

2. A Coal IGCC Plant producing only power using a next generation gas turbine
(Subtask 1.4)

3. Single-train Coal and Coke IGCC Power Plants (Subtask 1.5)
4. A Nominal 1,000 MW Coal IGCC Power Plant (Subtask 1.6)
5. A Coal to Hydrogen Plant (Subtask 1.7)

In addition there are two other subtasks which do not involve developing the design of an
optimized plant. They are:

1. Subtask 1.8 — Review the status of warm gas clean-up technology as applicable to

coal and/or coke fueled IGCC power and coproduction plants. The objective is to
evaluate developing technologies that operate in the 300 to 750°F temperature

II-1



Gasification Plant Cost and Performance Optimization Chapter Il
DE-AC26-99FT40342 Study Objectives and Methodology

range, preferably closer to 750°F, and to determine their potential economic benefit.

2. Subtask 1.9 — Discuss the Value Improving Practices availability and reliability
design optimization program. Starting from historic Wabash River Repowering
Project data, this subtask will discuss how the availability analysis and design
considerations, such as the expected annual coke consumption, influence plant
performance and sparing philosophy.

1.2 Background and Methodology

In 1990, Destec Energy, Inc. of Houston, Texas and PSI Energy, Inc. of Plainfield, Indiana
formed the Wabash River Coal Gasification Repowering Project Joint Venture to participate
in the Department of Energy’s Clean Coal Technology Program by demonstrating the coal
gasification repowering of an existing 1950’s vintage generating unit. In September 1991,
the project was selected by the DOE as a Clean Coal Round IV project to demonstrate the
integration of the existing PSI steam turbine generator and auxiliaries, a new combustion
turbine, a heat recovery steam generator, and a coal gasification facility to achieve improved
efficiency and reduced emissions. In July 1992, a Cooperative Agreement was signed with
the DOE. Under terms of this agreement, the Wabash River Coal Gasification Repowering
Project Joint Venture developed, constructed and operated the coal gasification combined
cycle facility. The DOE provided cost-sharing funds for construction and a three-year
demonstration period. Construction was started in July 1993, and commercial operation
began in November 1995. The demonstration was completed in January 2000.12

The participants jointly developed, separately designed, constructed, owned, and operated
the integrated coal gasification combined-cycle power plant, using Destec’s coal gasification
technology to repower the oldest of the six units at PSI's Wabash River Generating Station
in West Terre Haute, Indiana. The gasification process is integrated with an existing steam
turbine generator using some of the pre-existing coal handling facilities, interconnections,
and other auxiliaries. The power block consists of an advanced General Electric MS 7001
FA gas turbine unit that produces 192 MW, a Foster Wheeler HRSG, and a 1953 vintage
Westinghouse reheat steam turbine. The steam turbine, which was refurbished as part of
the repowering project produces an additional 104 MW of power. Parasitic power is 34 MW
giving a total net power output of 262 MW.

Since the initial startup of the Wabash River Repowering Project, many modifications and
improvements have been made to the plant to improve plant performance and to increase
availability. The net result of these changes has been a substantial improvement in plant
operations.  Furthermore, in addition to operation on lllinois coals, the plant has
demonstrated successful and reliable operation on petroleum coke.

The design, construction, cost, and operational information obtained from this commercial
facility provide the basic information for this project. That is, the sum total of knowledge

1 Topical Report No. 20, “The Wabash River Coal Gasification Repowering Project — An Update,” U. S. Department of
Energy, September 2000
2 Global Energy, Inc., “Wabash River Coal Gasification Repowering Project — Final Report,” September 2000.

II-2



Gasification Plant Cost and Performance Optimization Chapter Il
DE-AC26-99FT40342 Study Objectives and Methodology

gained from the plant starting from the initial design through current operations on both coal
and petroleum coke have been studied to compile relevant information for this project.
Current performance information was analyzed to develop a heat and mass balance model
representing the present day plant configuration that was the basis for developing
appropriate models for the subsequent subtasks. As-built cost information was obtained
and provided the cost basis for the cost estimates. Because the cost estimates are based
on actual equipment purchases and construction labor use, the resulting cost estimates are
more accurate than typical estimates would be for this type of study. Availability and
reliability information from the final year of the DOE demonstration period were the basis for
the availability analyses.

The optimization studies for the Subtask 1.3 and Subtask 1.4 plants were done using the
structured Value Improving Practices Program promoted by Independent Project Analysis,
Inc.

Figure 1l-1 is a schematic diagram of the steps involved in developing the design, cost and
economics for a specific case. Appendix K contains the design bases technical work plans
for Subtasks 1.1 through 1.7. Based on these design bases and work plans, detailed,
elementally balanced process simulation models were developed for each case by Global
Energy using their proprietary process simulation program. This is a very detailed process
simulation program that simulates the various heat exchange and steam generation steps
within the gasification area. These model generated heat and material balances were then
feed to the GT Pro simulation program for a detailed simulation of the combined cycle
block.2 The detailed model results are proprietary. However, this report and the appendices
contain sufficient information for verification of the carbon, slag, sulfur, and heat balances.

Based on the model results, P&IDs, sized equipment lists, line sizings, and other information
necessary to calculate the plant cost were developed. The mid-year 2000 plant cost was
built up based on detailed cost information from the as-built Wabash River Repowering
Project (adjusted for inflation), selected equipment quotes, information from similar, current
Bechtel projects, and from Bechtel's in-house data bases. Because the fundamental cost
information is based on the Wabash River Repowering Project, the resultant cost estimates
are deemed to have a low uncertainty.

Availability analyses were calculated based on the design configuration to determine the
annual production rates (capacity factors). The cost and capacity information along with
operating and maintenance costs, contingencies, feed and product prices, and other
pertinent economic data were entered in a discounted cash flow economic model. This
model then was used to generate the return on investment (ROI), cost of electricity, and
sensitivities.

Global Energy’s operating personnel developed the operating and maintenance costs based
on Wabash River experience. This is proprietary information.

In some cases, such as in the development of the Subtask 1.3 minimum cost and spare
gasification train cases, iterations were made back to the to the block flow diagrams to
examine the effects of replicated equipment and the addition of a spare gasification train.

3GTProisa proprietary simulation program by Thermoflow Inc., Wellesley, Mass.
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1.3  Value Improving Practices

Value Improving Practices (VIPs) are focused activities aimed at removing unnecessary
investment from a project scope.

Eleven industry standard VIPs were benchmarked by Independent Project Analysis, Inc.
(IPA). Eight of these were selected for this project. In addition, a ninth item was added,
Plant Layout Optimization. This item encompasses schedule optimization and some
aspects of constructability also. These nine items are:

Technology Selection

Process Simplification

Classes of Plant Quality

Value Engineering

Availability (Reliability) Modeling

Design-to-Capacity

Plant Layout Optimization

Schedule (Construction and Procurement) Optimization

Operating and Maintenance Savings

CoNOGORrwWN =

Value Improving Practices have proven to very successful over the years for reducing the
cost of facilities, improving their efficiency, conserving raw materials, and being beneficial in
many other ways. They generally are implemented in the project development stage when
there is time pressure to get the project completed, and therefore, only a specific amount of
time is allowed for the VIP procedures. In many of these situations, the full benefit of the
VIP procedures is not realized. Because of this, there are advantages of doing the VIP
procedures “off-line” where there no time pressure for completion in order to maintain the
project schedule. It is in this spirit that the VIPs were applied to Global Energy’s IGCC
process to develop substantially improved and optimized designs.

The detailed results of the entire VIP exercise for the Subtask 1.3 and 1.4 IGCC plants are
documented in a confidential VIP report.

11.3.1 Technology Selection

Technology Selection is a formal, systematic process by which a company searches for
production technologies outside the company (or, in some instances, in other divisions
within the company) that may be superior to that currently employed in its manufacturing
plants. The hydrogen recovery process was identified as a candidate for an alternate
technology.

11.3.2 Process Simplification

Process Simplification is a disciplined, analytical method for reducing investment costs (and
often operating costs, as well) by combining or making unnecessary one or more chemical
or physical processing steps. The following items are the focus of process simplification.
e Straight through processing
Eliminate reworking and blending
Process flexibility, if appropriate
Process involves collecting data
Cycle times
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e Process efficiency
e Product sequence length
o Minimum lot sizes

Part of process simplification involves the application of critical spare pieces of equipment
and subtle design features which seem to increase complexity, but actually are required to
allow the plant to have a high operating factor. The specific details of these design features
are considered proprietary.

11.3.3 Classes of Plant Quality

Classes of Plant Quality establishes what quality facility is needed to meet business goals.
It adjusts reliability, expandability, automation, life of the facility, expected stream factors,
likelihood of expansion, production rate changes with time, production quality, and product
flexibility. The classes of plant quality can be used to determine the needed design
allowance, redundancy, sparing philosophy, and room for expansion.

This VIP practice is one of the most critical to the success of a cost reduction program and,
in order to be effective, it must be completed and documented very early in the project, i.e.;
before design begins and before other VIPs are implemented.

This VIP forms the foundation for the plant’'s design basis / basic design criteria and
provides the framework for implementing other VIPs.

Table 1.1 shows the four categories of classes of plant quality. They are somewhat
arbitrary, and generally, are not necessarily quantifiable.

1.3.4 Value Engineering

The application and implementation of the value engineering methodology on Bechtel
projects follows the value engineering job plan recommended by the Society of American
Value Engineers (SAVE). This plan covers three major periods of activity: Pre-Study, the
Value Study, and Post-Study. The SAVE job plan outlines specific value engineering steps
necessary to effectively analyze a project and to develop the maximum number of
alternatives to achieve the project’s required functions. Value engineering’s goal is to obtain
the lowest cost without sacrificing function, performance, or the ability of a facility to carry
out its specific mission. This goal is accomplished by:
o Ensuring the owner’s objectives are met by the design (see VIP Classes of Plant
Quality)
Identifying and removing items that add cost without contributing to function
¢ Studying the total cost of owning, operating, and maintaining the facility
Performing an analysis that defines a function, establishes a monetary worth for that
function, and then provides that function at the lowest cost

A Bechtel in-house facilitator led a value engineering workshop for this project. Almost 300
ideas were generated during the brainstorming session. This list was categorized, and the
best ideas were evaluated by various value engineering teams. These teams represented
the Wabash River operating and maintenance staff, Global Energy’s gasification specialists,
a cross-section of Bechtel’s design and construction specialists, and Nexant’s specialists.
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I1.3.5 Availability (Reliability) Modeling

Reliability modeling uses computer simulation of processes to explore the relationship
between the maximum production rates, design parameters, and operational factors such as
quality, yield, production transitions, maintenance practices and requirements, capacity,
safety, and environmental concerns.

The objective of this practice is to quantitatively assess the availability of either all or part of
a project and to identify major contributors to forced downtime.

Availability models were developed for all the plant configurations of Subtasks 1.1 through
1.7 based on the availability information given in the final report for the Wabash River
Repowering Project.? The model results allowed the prediction of the expected capacity
factors (annual production rates) for prediction of the annual revenue and expense streams.
This information was fed to the discounted cash flow model to evaluate the NPV and/or ROI
for the various Subtask designs.

11.3.6 Design-to-Capacity

Designing-to-capacity evaluates the true required maximum capacity of each major piece of
equipment relative to the desired overall facility capacity. Often equipment is designed with
a "design factor" that results in larger equipment and additional capacity. This conservatism
can lead to certain equipment or whole plants having overcapacity, which the business may
or may not want to pay for initially. Excess processing capacity can be incorporated into
designs because of uncertainties in future feed slates, physical properties, expectation of
future capacity increases, and equipment design uncertainties.

Design-to-Capacity can be affected by the following items:

1. Sequential engineering steps such that can each add some design conservatism,
that when compounded can add considerable excess capacity.

2. Uncertainties in correlations for such things as physical properties, heat transfer
coefficients, column tray efficiencies, and reactor space velocities.

3. Variations in design methodology and procedures.

4. Replacing industry and project standards

5. Design specifications that do not directly influence capacity issues such as corrosion
allowances.

6. Removing "extra fat" to meet guarantees associated with licensing agreements.

The Design-to-Capacity process saves capital cost by helping designers to fully understand
the operability of every step and equipment item. Conservatism in design, as with too much
storage capacity, is a way of covering uncertainties. It also forces the explicit thinking about
capacity and expandability. Design-to-capacity removes that flexibility or robustness to
handle variations that operating personnel may have gotten used to having. It also limits the
amount of capacity that can be gained by debottinecking.

The Design-to-Capacity process is strongly linked to the Classes of Plant Quality VIP
(Project Objectives) process so it is recommended to start both processes at the same
kickoff meeting early in the initial design phase. Project objectives should be agreed to first,
and then be followed by a discussion of Design-to-Capacity issues. Both methodologies
involve business, operating, and technical people discussing options and then assigning
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different categories or levels to various criteria. This objectively frames what the project is
trying to accomplish in terms of meeting business expectations.

11.3.7 Plant Layout Optimization

Plant Layout Optimization formalizes the process of developing a plant layout that will satisfy
the project needs at minimum life cycle cost. The items that this VIP brings into
consideration include:
e Accessibility during construction
Accessibility during maintenance
Accessibility during operations
Minimization of interconnecting piping
Safety
Layout codes and regulations
Provisions for modifications and expandability
Integration with the surrounding community

During the development of the plant layout design, balancing all the above items becomes
somewhat subjective in nature because of the inability to quantify various items. For this
project, the amount of interconnecting piping was used as the measure of quantification.

11.3.8 Schedule (Construction and Procurement) Optimization

Schedule Optimization consists of analysis of the design, usually performed by experienced
construction personnel, to save time and reduce costs during the construction phase.

As defined by the Construction Industry Institute (Cll), this involves:

“The optimum use of construction knowledge and experience in planning, design,
procurement, and field operations to achieve overall project objectives.”

Bechtel’s approach is not only the review of design drawings; it is also the early integration
of construction input into planning, design, and engineering processes. Bechtel recognizes
that construction input during early project planning will:
o Allow system turnover requirements and construction needs to drive the overall
project schedule from back to front
Make constructability an integral part of project execution plans
Actively include construction knowledge in project planning
Obtain construction’s essential involvement when developing contracting strategies
Provide consideration for previously proven construction methods in basic design
approaches
¢ Promote efficient construction operation and maintenance through effective site
layouts

This input positively influences cost reduction through:
e Designs configured to enable efficient construction and startup
e Standardized design elements to enhance constructability
o Design and procurement schedules that support the EPC schedule
o Development of modularization and pre-assembly plans that facilitate fabrication,
transport, and installation
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¢ Design that facilitates construction under adverse weather or site conditions
e Reduced startup duration

Bechtel implements procurement optimization by forming supplier alliances to allow cost
savings by placing larger orders with selected quality suppliers. Bechtel has several multi-
project acquisition groups which specialize in various areas, such as pipe, pumps, heat
exchangers, structural steel, etc.

11.3.9 Operating and Maintenance Savings

All Operating and Maintenance Savings go directly to the bottom line. Thus, anything that
can be done to reduce these expenses results in increased profit. This VIP is closely
aligned with the reliability modeling VIP and requires significant input from plant operations
and maintenance. Therefore, Wabash River operating and maintenance personnel were
part of the VIP team that developed and evaluated numerous ideas for maintenance
savings. These ideas included such things as improved access to various plant sections,
redesign of certain equipment, selection of more reliable equipment, revised metallurgy in
selected plant sections, relocating equipment, permanently installed cranes, allowances in
certain exchangers, etc. These ideas were evaluated and design modifications were made
to incorporate those that were economically sound.

The actual operating and maintenance cost estimates and the improvements attributable to

the application of the VIPs are proprietary. They are documented in the confidential Value
Improving Practices report.
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Table II.1 — Part 1

CLASSES OF PLANT QUALITY OBJECTIVES - ONSHORE FACILITIES

PERFORMANCE CHARACTERISTICS OF VARIOUS DESIGN CATEGORIES

Category I

Category 11

Category 111

Category IV

PROCESS
CHARACTERISTICS

Capacity

Designed for a specific capacity with
one feedstock and one set of operating
conditions. No capacity allowance for
deterioration of mechanical integrity or
process performance over the life of
the plant.

Designed for a specific capacity and
feedstock with allowances for different
operating conditions and deterioration
of mechanical integrity. If operated
outside stated conditions, capacity may
be impaired.

Designed for multiple, but similar
feedstocks at a given feedrate.
Difficult to replace major equipment
sized with overcapacity.

Designed for multiple feedstocks and
feedrates as well as start-of-run and
end-or-run conditions; hence
overcapacity expected in most cases.

Product Quality

Designed to meet product
specifications at given set of conditions
only.

Expect to meet product specifications
though when operating outside stated
conditions may have to compromise on
rate or other parameter. No
specification overcapacity provided.

Expect to meet product specifications.
Difficult to replace major equipment
impacting quality; designed
conservatively.

Designed with assurances that product
specifications will be met; hence
exceed quality requirements at design
conditions.

Unplanned Flexibility

No planned (or designed) flexibility to
handle off design conditions.
Additional expenditures likely as
experience gained. Very limited turn
down.

Only minimal flexibility to meet off
design conditions. Additional
expenditures likely as process
requirements change.

Moderate flexibility and turndown.
Additional expenditures necessary to
utilize full capacity of that equipment
conservatively designed.

Broad flexibility and large turndown.
Future expenditures probably minimal
even to realize most major equipment
maximums.

Marginal Investment
Criteria

Not normally considered even when
high payout.

Consider only for high payout.

Not less than base project investment
criteria including consideration of
usable plant life.

Limited by Corporate capital "hurdle";
i.e., earning power could be less than
that of base project. Long plant life
and/or early full capacity needed.

Expandability

Tight plot space with low first cost
orientation. Debottlenecking and
modifications to improve or change
performance may be difficult if
possible at all.

Tight, low first cost debottlenecking
may be difficult. Consideration may
be given to potential future changes to
improve performance.

Somewhat more open space to improve
accessibility and permit modest
changes for debottlenecking and
product improvement.

Open plot with provision to isolate
sections for maintenance. Room for
process and capacity modifications.

11-9




Gasification Plant Cost and Performance Optimization
DE-AC26-99FT40342

Chapter I

Study Objectives and Methodology

Table .1 —Part 2

CLASSES OF PLANT QUALITY OBJECTIVES - ONSHORE FACILITIES

PERFORMANCE CHARACTERISTICS OF VARIOUS DESIGN CATEGORIES

Category I Category 11 Category III Category IV
PLANT
CHARACTERISTICS
Reliability Sparing limited to applications Sparing generally limited to Spares applied for orderly shut down, Spares, etc., applied in most

necessary for an orderly shutdown.
Stream factor is <80%.

applications necessary for orderly
shutdown or where experience with
similar services indicates frequent
plant outages for repairs are likely.
Consideration given to imposing
special conditions on particular
equipment as an alternative to sparing,
installing bypasses, etc.

Stream factor: 85-90%.

in services known to need frequent
maintenance and requiring plant
outages, or necessary to keep the plant
in a "ready" position while repairs are
made. Consideration given to
imposing special conditions on
particular equipment as an alternative
to sparing, etc., or if the equipment is
non-redundant and critical to the basic
plant operation. Stream factor 90-95%.

applications to maintain basic plant
operations at or near design conditions
during component maintenance.
Industry standard equipment and
minimal sparing applied to sections
that are intended to optimize plant
performance but do not impact basic
product out-turn. Stream factor 95+%.

Controls and Data

Simple. Intended for operating at

Simple. Intended for primarily

Moderate number of control loops;

Complex with sophisticated systems.

Provisions design case only. Heavy reliance on operating at design conditions. Some reliance on operators reduced during Less reliance on operators especially
operating personnel. No provision for recognition of needs for operating normal operations. Sufficient out in the field. Sufficient equipment
specified turn down, optimization, or modestly outside design case. Heavy equipment and data collection for for continuous, or nearly continuous
troubleshooting. Minimal data reliance on operating personnel. troubleshooting and frequent optimization and performance studies,
collection. Connections provided for temporary optimization studies. Extent of this including variations of process

hookups of instruments for trouble- equipment tempered by knowledge and | variables. Extensive data collection,

shooting/optimization studies. experience with the process. handling & retention. Provision of or

Minimal data collection. for computer information and/or
control.

Maintenance Minimal, if any, maintenance facilities | Maintenance facilities installed only Maintenance facilities and accessibility | Need for temporary maintenance
included in the original plant. where experience with this type of for mobile equipment provided where facilities minimized and accessibility
Accessibility for mobile equipment plant dictates. Accessibility for mobile | experience with this type of plant for wide use of mobile maintenance
may be limited. Major maintenance equipment may be limited. Major dictates. Space also provided for equipment provided. Justifications for
expenditures may be necessary if plant | maintenance expenditures may be difficult maintenance jobs during facilities based on anticipation of a
is to continue operation more than 2-5 necessary if plant is to continue normal life of unit. long plant life. Major maintenance
years. High maintenance costs. operation more than 4-6 years. costs not contemplated over a long

plant life.

Life 2 - 5 years. 5-10 years. 10 - 20 years 20+ years.

II-10




Gasification Plant Cost and Performance Optimization

DE-AC26-99FT40342

Chapter I

Study Objectives and Methodology

Figure II-1
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1.4  Availability Analysis

The common measures of financial performance, such as return on investment (ROI), net
present value (NPV), and payback period, all are dependent on the project cash flow. The
net cash flow is the sum of all project revenues and expenses. Depending upon the detail of
the financial analysis, the cash flow streams usually are computed on annual or quarterly
bases. For most projects, the net cash flow is negative in the early years during construction
and only turns positive when the project starts generating revenues by producing saleable
products. However, a plant is generating revenue only when it is operating and not when it
is shut down for forced outages, scheduled maintenance, or repairs. Therefore, the yearly
production (total annual production) is a key parameter in determining the financial
performance of a project.

Although the design capacity is the major factor influencing the annual production, other
factors that influence it include scheduled maintenance, forced outages, equipment
reliability, and redundancy. In order to predict the annual revenue stream, an availability
analysis that considers all of the above factors must be performed to predict the annual
production and annual revenue streams to develop a meaningful financial analysis.

On this basis, an availability analysis was performed on each of the cases considered in
Task 1 of this study to determine the applicable revenue streams and the ROI.

Appendix J contains a detailed description of the availability analysis studies and their
results. Attachment A, Availability Nomenclature, of Appendix J contains definitions of
availability related terms as proposed by the Gasification Technology Council. This table is
supplemented with additional terms as used in this study.

11.4.1 Availability Analysis Basis

In Table 5.0A of the Final Report for the Wabash River Repowering Project, Global Energy
reported downtime and an availability analysis of each plant system for the final year of the
Demonstration Period.? This information is summarized in Table 1 of Appendix J. During
this March 1, 1998 through February 28, 1999 period, the plant was operating on coal for
62.37% of the time. There were three scheduled outages for 11.67% of the time (three
periods totaling 42 days), and non-scheduled outages accounted for the remaining 25.96%
of the time (95 days).

After three adjustments, this data was used to estimate the availability of the Task 1 coal
and petroleum coke IGCC plant designs. The first adjustment increased the availability of
the air separation unit (ASU) from the observed availability of 96.32% to the industry
average availability of 98%. The second adjustment was to improve the availability of the
first gasification stage by negating the impact of a slag tap plugging problem caused by an
unexpected change in the coal blend to the gasifier. For the Subtask 1.2 and 1.3 plants, this
adjustment is justified since a dedicated petroleum coke plant would be very unlikely to
experience this problem. The third adjustment eliminated a short outage that was caused
by a service interruption in the water treatment facility because sufficient treated water
storage will be available to handle this type of outage.
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Based on the reported Wabash River data, availability analyses were calculated using the
EPRI recommended procedure.4 This procedure calculates availabilities based only on two
plant states, operating at design capacity or not operating. For a single train plant with all
the units in a series configuration (i.e.; no redundancy), the overall plant availability simply is
the product of the availability of all the individual unit availabilities. For multiple trains (or for
plant sections with spare units), the EPRI report presents mathematical formulas based on a
probabilistic approach for predicting the availability of all trains or of 1 of 2, 2 of 3, 1 of 3, etc.
Appropriate combinations of these mathematical formulas are used to represent plants with
some portions containing multiple trains or spare equipment and other portions being single
trains.

Since the objective of this availability study is to determine the projected annual revenue
stream, this study does not differentiate between forced and scheduled outages. In other
words, it is immaterial whether the plant is off line because of a forced outage as the result
of an equipment malfunction or whether it is off line because of a scheduled outage for
normal maintenance or refractory replacement. Consequently, the annual availabilities
reported in this study will be lower than those studies which do not consider scheduled
outages.

I1.4.2 Use of Natural Gas

To improve the yearly power output from single train gasification plants, backup natural gas
is used to fire the gas turbine to make power when syngas is unavailable. Thus, for most of
the year power is made from the lower cost coal, but for those times when the syngas
generation portion of the plant is unavailable and the economics are favorable, power can
be produced from higher priced natural gas. Multiple train power plants can be operated in
a similar manner when insufficient syngas is available to fully load all the gas turbines.

The situation with the Subtask 1.2 and 1.3 petroleum coke coproduction plants is somewhat
different. The gasification trains in these plants are sized so that one train has sufficient
capacity to provide the design amounts of hydrogen and steam to the adjacent petroleum
refinery. However, when only one gasification train is operating, there is insufficient syngas
available to fully fire one combustion turbine. Thus, in this situation, natural gas is used to
supplement the syngas and fire both combustion turbines. When this situation occurs, the
power output from the combustion turbines is reduced. However, the internal power
consumption in the plant also is reduced when one gasification train is not operating by its
internal power consumption and that of one air separation unit. The net effect of this
combination of events is that there is a net reduction in the export power.

In the less frequent situation when only one syngas train is operating and only one
combustion turbine is operable, backup natural gas also is used to fully load the available
gas turbine while supplying the design hydrogen and steam demands. In this situation, the
export power produced by the plant is about half the design rate. Supplemental firing with
natural gas in the HRSG is not considered.

4 Research Report AP-4216, Availability Analysis Handbook for Coal Gasification and Combustion Turbine-based Power
Systems, Research Project 1800-1, Electric Power Research Institute, 3412 Hillview Avenue, Palo Alto, CA 94304, August
1985.
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In the least likely situation when both gasification trains are not available and only one
combustion turbine is available, natural gas will be used to fire the gas turbine and produce
export electric power from both the combustion turbine and the steam turbine. In this case,
the amount of export power will be greater than that of the design capacity of the gas turbine
because the reduced internal power loads are more than covered by the power produced by
the steam turbine.

For Subtasks 1.2 through 1.6, the average daily natural gas rates were calculated as part of
the availability analysis and are shown later in this report. Natural gas usage during startup
and during maintenance operations, such as for curing refractory, are not considered in the
availability analysis calculations, but are included in the operating and maintenance costs
during the financial analysis.

1.5 Commodity Pricing

At the start of this project in early 2000, the economic and financial environment for the
discounted cash flow evaluations of this project was assumed based on reasonable future
projections. This set of economic conditions was used for all the discounted cash flow
financial analyses performed in this study. Table 1.2 contains a list of most of these
economic assumptions. The commodity prices are based on long term projections for the U.
S. Gulf Coast (except the coal price which is a Mid-West price). In this price structure, the
hydrogen and steam prices were set based on their cost of production from 2.60 $/MMBtu
natural gas. Also, an in-house combined cycle model predicts a required electricity price of
about 35 $/MW-hr for a 12% after tax ROI with natural gas at 2.60 $/MMBtu. The inflation
rates generally are based on the Energy Information Administration’s Annual Energy
Outlook 2001.5

However, since the time when these commodity prices were set, the economic scenario has
changed. Natural gas prices have spiked to 9-10 $/MMBtu and now are dropping back to
values that are below 3.00 $/MMBtu.6 Qil prices have declined as a result of the world wide
economic slowdown. Interest rates in the United States are the lowest that have been in
over 40 years. Electricity deregulation is occurring and its effect on the utility market is
unknown. The Annual Energy Outlook 2001 shows a current industrial power price of about
40 $/kW-hr and an average residential power price of about 84 $/kW/hr with the average to
all users being about 60 $/kW-hr. Furthermore, over the next 20 years the Energy
Information Administration predicts a 0.5%/year decrease in power prices (on a current
dollar basis). This study inflated the cost of electricity at 1.7%/year which is 2.3% less than
the general inflation rate. On a constant dollar basis this is a 0.6% annual decrease. Thus,
the economic projections used in the study are slightly conservative.

Therefore, although this assumed economic and financial environment was reasonable
when it was proposed, it should not be used to evaluate proposed projects. Each project
should be evaluated using a project specific economic scenario that is appropriate for its
situation. For example, one coproduction project may set a high value on steam because it

5 U. S. Department of Energy, Energy Information Administration, “Annual Energy Outlook 2001 with Projections to
2020, December 2000, www.eia.doe.gov/oiaf/aco.

6 Oil and Gas Journal, page 6, Sept 10, 2001, and Houston Chronicle, page 9D, Dec 9, 2001.
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Table 1.2

Basic Economic Parameters

Other Financial Parameters

General Inflation

2.3 %lyear

Loan Amount 80%
Loan Interest Rate 10 %lyear
Loan Financing Fee 3%

Feeds Price Inflation, %/yr
Petroleum Coke, $/ton 0 $/ton 0
Coal 22.0 $/ton 1.2
Flux, $/ton 5.0 $/ton 1.7
Natural Gas, HHV 2.6 $/MMBtu 3.9

Products
Electric Power Calculated* 1.7
Hydrogen 1.3 $/Mscf 3.1
Steam 5.6 $/tom 3.1
Fuel Gas 2.6 $/MMBtu 3.9
Sulfur 30.0 $/ton 0
Slag 0 $/ton 0

5 % of EPC cost
1.2 % of EPC cost
1.5 % of EPC Cost

40%

Owner’s Contingency
Development Fee
Start-up Cost

Income Tax Rate

* Electric power prices are calculated to yield a given return on investment. They are
reported on a current day cost; i.e., the cost at the time when construction begins.
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will replace an antiquated power plant, and another may have little use for steam other than
to generate power.

1.6 Financial Analysis

For all cases a financial analysis was performed using a discounted cash flow (DCF) model
that was developed by Bechtel Technology and Consulting (now Nexant Inc.) for the DOE
as part of the Integrated Gasification Combined Cycle (IGCC) Economic and Capital
Budgeting Practices Task.” This model calculates investment decision criteria used by
industrial end-users and project developers to evaluate the economic feasibility of IGCC
projects.

The required input information to the DCF financial model is organized into two distinct input
areas that are called the Plant Input Sheet and the Scenario Input Sheet. The Plant Input
Sheet contains data that are directly related to the specific plant as follows.

Data Contained on the Plant Input Sheet

e Project summary information

Plant output and operating data

Capital costs

Operating costs and expenses

Contingency, fees, owners cost, and start up expenses.

The Scenario Input Sheet contains data that are related to the general economic
environment that is associated with the plant as well as some data that are plant related.
The data on the Scenario Input Sheet are shown below.

Data Contained on the Scenario Input Sheet
e Financial and economic data

Fuel data

Tariff assumptions

Construction schedule data

Startup information

For all cases, the EPC spending pattern was adjusted to reflect forward escalation during
the construction period since the EPC cost estimate is an “overnight” cost estimate based
on mid-year 2000 costs.

Finally, items that were excluded in the cost estimate, such as spares, owners cost,
contingency and risk are included in the financial analysis.

The appendices contain filled in data input sheets for the discounted cash flow financial
model for most of the cases. However, in all cases, the operating and maintenance cost
information has been omitted because it is considered proprietary and highly confidential.

7 Nexant, Inc., “Financial Model User’s Guide — IGCC Economic and Capital Budgeting Evaluation”, Report
for the U. S. Department of Energy, Contract DE-AMO1-98FE64778, May 2000.
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Chapter lll
Study Basis and Overview

lll.1  Study Basis

Global Energy’s experience in the design, construction, and operation of the Wabash River
Coal Gasification Repowering Project is the primary input which forms the foundation or
basis for this study.! This project involved the repowering of a 1953 steam turbine with a
Global Energy gasifier and a General Electric MS 7001 FA gas turbine. The design,
construction, cost and operational information from this commercial facility are the starting
point from which the subsequent designs were developed.

The design bases for the various subtasks are shown in Appendix K and in the various
subtask reports. These design bases were developed starting from the as-built Wabash
River facility to generate the Subtask 1.1 Greenfield Pant and then move it to the Gulf Coast
to develop the Subtask 1.2 Petroleum Coke IGCC Coproduction Plant. The plant designs
for the next five subtasks followed from these two original cases.

lll.2 Project Overview

Task 1 of this project consisted of ten subtasks, numbered 1 through 9. Subtask 1.3 is
divided into two parts, Subtask 1.3 and Subtask 1.3 Next Plant, which contain four
subcases. Subtask 1.3 Next Plant and Subtasks 5 through 9 were added after the work had
started. These nine subtasks and the appendices in which they are documented are:

1. Subtask 1.1 — Expand the Wabash River repowering project to a greenfield facility.
Develop a cost estimate and economics for the greenfield facility based on the
Wabash River design. (Appendix A)

2. Subtask 1.2 — Develop a design, cost estimate, and economics for a Petroleum Coke
IGCC Coproduction Plant coproducing hydrogen and industrial-grade steam in
addition to electric power. (Appendix B)

3. Subtask 1.3 — Develop a design, cost estimate, and economics for an Optimized
Petroleum Coke IGCC Coproduction Plant coproducing hydrogen and industrial-
grade steam in addition to electric power. (Appendix C)

4. Subtask 1.3 Next Plant — Develop a design, cost estimate, and economics for the
Next Optimized Petroleum Coke IGCC Coproduction Plant coproducing hydrogen
and industrial-grade steam in addition to electric power. (Appendix D)

5. Subtask 1.4 — Develop a design, cost estimate, and economics for a future single-
train Optimized Coal IGCC Power Plant. (Appendix E)

6. Subtask 1.5 — Comparison between single-train coal and petroleum coke fueled
IGCC power plants highlighting the major differences between the designs,

I Global Energy, Inc., “Wabash River Coal Gasification Repowering Project — Final Report,” September 2000.
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developing cost estimates, and doing a financial analysis for each case and
comparing the results with those from Subtask 1.1. (Appendix F)

7. Subtask 1.6 — Develop an optimized design and cost estimate for a nominal 1,000
MW coal fed IGCC power plant using GE 7FA+e combustion turbines and perform a
financial analysis. (Appendix G)

8. Subtask 1.7 — Develop an optimized design and cost estimate for a single-train coal
to hydrogen plant processing the same amount of coal as the Subtask 1.4 design
and perform a financial analysis. (Appendix H)

9. Subtask 1.8 — Review the status of warm gas clean-up technology as applicable to
coal fueled IGCC power and coproduction plants. The objective is to evaluate
developing technologies that operate in the 300 to 750°F temperature range,
preferably closer to 750°F, and to determine their potential economic benefit.
(Appendix I)

10. Subtask 1.9 — Discuss the Value Improving Practices availability and reliability
design optimization studies. Starting from historic Wabash River Repowering Project
data, this subtask will discuss how the availability analysis and design
considerations, such as the expected annual coke consumption, influence plant
performance and sparing philosophy. (Appendix J)

The results of each subtask are described in detail in the separate appendix that is listed
following the above brief description of each subtask. Table Ill.1 summarizes the results of
the eleven IGCC plant design cases that were examined in this study. The main results will
be discussed in the following two chapters. This table is presented here to provide an
overview of the cases and to be used as a reference for the following chapters.

lll.3 Heat Integration

Integrated Gasification Combined Cycle (IGCC) or IGCC with coproduction (IGCP), as the
name implies, is the integration of two primary process blocks, gasification and combined
cycle power generation. Integration refers to the sharing of heat such as high pressure
steam from the high temperature heat recovery unit, and possibly, the production of other
byproducts, such as hydrogen. The optimum use of heat has been extensively studied.?
Figure 111.1 shows the overall input streams, output streams, and integration streams
between the gasification block, hydrogen production facilities, and the combined cycle
power block for the Subtask 1.3 Next Plant. It is the efficiency of the individual pieces and
the sharing of energy between the pieces that determines the plant output and efficiency.
From the overall energy balance and the information in the individual reports (Appendices A
through G), it can be shown that most of the fuel (coal or coke) energy is used to make
power. The energy balances also show that most of the energy going to power is available
to the combined cycle or high pressure steam systems. Most of the low level energy is used
effectively for syngas moisturization. Very little low level energy is recovered in the
bottoming cycle.

2 Geosits, R. F. and Y. Mohammad-zadeh, “Optimization of Air and Heat Integration for IGCC Plants”, presented at Power-
Gen Americas "95, Anaheim, CA, December 7, 1995.
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Global Energy’s two-stage gasifier at Wabash River has a relatively high cold gas efficiency
of almost 77% when operating on either subituminous coal or petroleum coke. Carbon
conversion efficiency is about 99%. When combined with high temperature heat recovery,
heat integration, and steam extraction for process and gas turbine diluent use, high plant
thermal efficiencies of 40% or greater can be achieved.

Because of the various stream interactions between the different sections in the plant, there
are numerous opportunities for improving the heat integration and to increase the thermal
efficiency. The Value Improving Practices exercise generated numerous Value Engineering
ideas in this area. However, the objective of this study was to lower the cost of electricity
and not to design plants with the highest thermal efficiency at any cost. Thus, economic
viability provided the criteria for incorporating improvements. Depending upon the relative
costs of fuel, products and equipment, the optimal plant thermal efficiency can change. For
example, a plant using a low cost feedstock, such as coke, may have a better return on
investment at a lower thermal efficiency than one that uses a high priced coal feedstock.

Table IIl.2 shows the basic heat and material balance equations and equations for
calculating the plant output and overall efficiency. Detailed overall and process block heat
and material balances were developed to predict plant performance (available under
Global/Bechtel/Nexant secrecy agreement). However, the subtask report and the block flow
diagram for each case, along with this summary report, contains sufficient data to check the
overall heat balance and the carbon, sulfur and ash balances for each case.

It is apparent from these equations that the thermal efficiency (or heat rate) of an IGCC plant
depends on the gasifier cold gas efficiency, combined cycle efficiency, high pressure steam
cycle efficiency, and steam bottom cycle efficiency. Component efficiency is a function of
the design and capital expenditures. All technologies asymptotically approach a
thermodynamic limit as capital expenditures and operating and maintenance costs increase.
Mature technologies are well optimized and have limited variability.

Global Energy’s gasification technology appears to have some design flexibility (e.g., the
Wabash River design vs. full slurry quench (FSQ) vs. full slurry vaporization (FSV)). In the
Wabash River design, temperature control at the second stage outlet is maintained by
injection of cooler syngas. With full slurry quench, the slurry feed is distributed between the
first and second stages with the amount entering the second stage being manipulated to
control the second stage outlet temperature. Wabash River is moving to this type of
operation. With full slurry feed vaporization, the temperature control criterion is eliminated
and all the fresh feed enters the second stage. Slurry feed vaporization theoretically
provides the maximum conversion of feed to chemical energy and the lowest oxygen
demand (ton O,/ton feed), resulting in the highest cold gas efficiency.

Fuel cost per unit of production is inversely proportional to the efficiency except for the coke
cases in this study where the coke is assumed to have a net zero cost. More importantly,
increasing the cold gas efficiency will shift energy to the combined cycle section which will
hopefully increase the power output (and efficiency).
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.4 Cost Drivers

The primary objective of this study was to reduce the cost of power from IGCC power plants
and/or increase their return on investment. The following items were identified as the most
important cost drivers.

Total Installed Cost

Plant and/or Train Size

Revenue Generating Capacity (Availability)

Operating and Maintenance Costs

Economic and Financial Environment

Project Specific Requirements

oakhwN-~

The plant designers can have an influence over the first four of the above cost drivers within
technological limits. The fifth item, the economic and financial environment, is the ballpark
in which the designers must work. It is an environment that is ever changing. It also
depends on project specific requirements. For example, a natural gas fired combined cycle
power plant will look good when natural gas prices are low, but when they shot up high in
late 2000, many gas fired power plants would have shut down if they could because the
revenue generated by their power sales was less that the cost of the natural gas used to
produce it. For this reason, any contemplated project should be evaluated under the
present and various likely future economic environments to determine if it is viable.

The total installed cost is the predominant cost driver over which the plant designer has the
control. It also is the one over which he has the most control. For this reason, this study
concentrated on reducing the plant cost. The Value Improving Practices procedures that
were used in this study of Process Simplification (PS), Classes of Plant Quality (CPQ),
Design-to-Capacity (DTC), Plant Layout Optimization (PL), Constructability Reviews (C),
and Technology Selection (TS) all are related to reducing the total installed cost of the plant.
Application of the above procedures resulted in the
1. Elimination of the redundant and/or duplicate equipment, such as unnecessary
spare pumps (PS)
2. Reduction in the size of equipment by eliminating spare capacity or extra capacity
for possible expansion (DTC)
3. Removal of things that would be “nice to have” but are not required (CPQ)
4. Deleting unnecessary flexibility by removing extra capacity in some plant sections in
case a different feedstock may be used (CPQ)
5. Shrinkage in the plant site without sacrificing accessibility during construction or for
maintenance to save piping and site preparation costs (PL)
6. Selection of the most cost effective technology (TS)
7. Improved scheduling for shorter construction times (C)
8. Increased output or increased efficiency

The main focus of the above VIPs was cost reduction and optimization with considerations
given to the costs of cold gas efficiency improvements and additional heat recovery.

By application of the above procedures, significant cost reductions were achieved, and it is
expected that more cost reductions will be achieved in the future. Operating and
maintenance impacts also were considered. Table II1.3 shows the approximate cost savings
for the Subtask 1.3 Next Plant compared to the non-optimized Subtask 1.2 plant. Cost
savings for specific items are documented in a confidential VIP report. A large amount of
savings was found in the bulk materials through layout optimization, and by minimizing
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equipment costs by redesign and obtaining current quotes. Cost savings were also realized
by eliminating costly equipment items, such as the slurry preheat exchangers, and by using
extraction steam (similar to cogeneration) for diluent in the gas turbine. ASU integration did
not show any economic benefit as the gas turbine should allow full flat rated output up to
80/90°F ambient temperatures, and inlet air evaporative coolers can be used at higher
ambient temperatures.

Increased output or increased efficiency was obtained by using slurry feed vaporization
(SFV) or full slurry vaporization (FSV) which increases the cold gas efficiency, using
extraction steam from the steam turbine as gas turbine diluent, and reducing the auxiliary
power consumption of the air separation unit.

Cost reductions per unit of material processed can be achieved by using larger train sizes
until the maximum size of a critical (or expensive) piece of equipment is reached. Generally
equipment costs increase by the 0.6 to 0.7 power of the capacity. This means that the plant
cost on a unit of material processed basis decreases as the plant size increases; i. e., the
economies of scale effect. Because of this, all the current power and coproduction plants
are sized to fully load the larger 210 MW GE 7FA+e combustion turbine. The Subtask 1.4
plant is sized to fully load the still larger future “H class” combustion turbine which is about
50% larger than the turbine used at Wabash River.

A plant that is shut down is not producing any revenue. Therefore, care was taken in the
plant designs to minimize the amount of scheduled downtime, to increase reliability, and to
facilitate maintenance access. Availability analyses based on operating data from the
Wabash River Repowering Project which were used to predict the availability of the plant
designs. For Subtask 1.3, three alternate design cases were evaluated by a discounted
cash flow financial analysis based on revenue streams predicted by availability analyses to
determine their expected required minimum power selling prices to generate a given ROI.
This analysis showed that the extra revenue generated by the increased availability of a
spare train outweighed its additional cost and was beneficial.

Any operating and maintenance (O&M) cost reductions fall directly to the bottom line.
Although the specific details are considered proprietary, Global Energy personnel were
included as part of the VIP team to develop and examine specific ideas for reducing the
O&M costs of any new facility. If they were economic, the design changes were
implemented, as required, to generate long term O&M savings. As a result of this effort,
significant O&M savings based on Wabash River operations were achieved.

.5 Plant Size

For IGCC plants, the capital cost is the largest component of the electricity cost. Table 13
on page 75 of the EIA Annual Energy Outlook 2001 estimates the cost of producing
electricity from an advanced coal plant of conventional design with a 36.9% thermal
efficiency at 43.2 $/MW-hr.3 About 72% of this cost is attributable to the capital cost of the
plant, about 18% to the fuel cost, and about 10% to the operating and maintenance costs.
This clearly shows that the plant cost is the dominant factor, and must be decreased in order
to significantly reduce the cost of electricity. At the moment, IGCC plants are more

3u.s. Department of Energy, Energy Information Administration, “Annual Energy Outlook 2001 with Projections to
2020,” December 2000, www.eia.doe.gov/oiaf/aco.
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expensive on a per unit of export power than conventional pulverized coal power plants, but
they have a higher efficiency. Thus, the capital cost component of the electricity cost is
larger for IGCC plants.

As noted above, the cost of production decreases as the plant size increases. The general
relationship between capacity and plant cost is that the plant cost increases with the
capacity raised to the 0.6 to 0.7 power. This relationship holds until the maximum size of a
critical or expensive piece of equipment is reached, and any further capacity increases only
can be achieved by replicating that piece of equipment.

The costs of utilities and off site facilities also follow the same exponential relationship. The
cost of production from multiple train plants also is lower than that from single train plants
because the costs of the utilities and offsite facilities can be shared between trains.
However, the reduction is not as great because the utilities and offsite facilities are not the
major component of the plant cost.

Based on the above logic, the gasifier capacity would be expanded by up to 40% to 50% to
take advantage of the economies of scale whenever it was appropriate since Global Energy
believes this can be accomplished with their current design. Table 11l.4 shows the scaleup
ratios of the major equipment in the gasification block. Except for the gasification reactor,
the scaleup ratios for the other equipment is within commercial experience or easily
obtainable. The 1.4 scaleup ratio for the air separation unit is within commercial experience.
The Subtask 1.3 Next Plant Case uses two air separation units of just under 3,000 tpd, and
new plants are being built with capacities of up to 3,500 tpd.

.6 Study Perceptions and Strategic Marketing Considerations

This study is directed at a large audience which has many viewpoints, expectations and
objectives. The study results are presented in a format that addresses these perceptions
and strategic marketing considerations. If an in depth evaluation of any specific project or
projects are required, a gasification technology vendor, such as Global Energy, should be
contacted. The following is a list what we believe to be our readers major points of interest.

Promotion (or Planning Studies) — This report basically describes what is a series of
planning studies for various coal and coke fueled IGCC applications. General economics
were developed using a discounted cash flow model. These general results should allow
prospective IGCC project developers to consider the merits of further evaluations of IGCC
technology on a project specific basis.

Precision — Using cost information from the as-built Wabash River facility and Bechtel's
Power Line™ plants allowed the cost estimates to have a high degree of confidence or,
expressed differently, a minimum amount of uncertainity.

Potential — This study addresses the potential of Global Energy’s gasification technology to
reduce the cost and improve the efficiency of IGCC plants. Further cost savings have been
identified, but not yet quantified. These items are being investigated.

Price — The above mentioned cost savings significantly reduced the cost of electricity to the
point where under certain situations IGCC is competitive.
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Product (or Market Penetration) — Currently coke fueled IGCC plants have the advantage
over coal fueled ones because of the lower feedstock cost. The initial application of coke
IGCC plants will further develop IGCC technology leading to improved designs, reduced
costs, and increased efficiencies.

Place (Location) — The U. S. Gulf coast location, especially if it is on a waterway, seems to
be the best location for coke fueled IGCC plants because it is likely close to the source of
the refineries that produce the coke. A coke coproduction plant should be located adjacent
to a petroleum refinery to minimize transportation costs and allow sharing of support
facilities.

Proliferation - As more IGCC plants are built using either coke and coal. Their costs will
decrease leading to the construction of additional IGCC plants.

Preferred Design — The Subtask 1.3 Next Plant is the preferred design for a coke IGCC
coproduction plant and includes a two-stage dry particulate removal system. However,
during the study wet particulate filtration tests showed better than expected results.
Therefore, Global Energy also is considering pursuing the development of a wet filtration
system to determine if additional cost savings are possible. In any case, as capital costs
continue to decrease and fuel prices increase, large coal fueled IGCC facilities, similar to the
Subtask 1.6 case, will become the preferred design for coal power plants.

Promise — IGCC plants have higher efficiencies than pulverized coal facilities with the
potential of further increased efficiencies coupled with lower costs. The potential of very low
SO, and NOx emissions coupled with CO, capture are possible in the near future.

Promote — This study promotes the development and implementation of IGCC by
demonstrating that starting with the Wabash River design and applying VIP optimization
techniques, it is possible to build a low cost IGCC plant that produces electricity at
competitive prices.

Prospectus — IGCC project development requires detailed analysis and planning on a

project specific basis. Study performance may not be indicative of or adequately quantify
future revenues.
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Table lll.1

Task 1 Coal and Coke Gasification Plant Case Summaries

Case Subtask 1.1 Subtask 1.2 Subtask 1.3 Subtask 1.4 Subtask 1.5 Subtask 1.6 Subtask 1.7
Description Wabash Petroleum Optimized Petroleum Coke IGCC Optimized Single Train Power 1,000 MW

River Coke IGCC Coproduction Plant Coal to 1.5A 1.5B Coal IGCC Coal to

Greenfield Coproduction Base Case Min Cost Spare Train Next Plant Power IGCC Coal Coke Power Plant Hydrogen

Configuration
Plant Location Midwest Gulf Coast Gulf Coast Gulf Coast Gulf Coast Gulf Coast Midwest Gulf Coast Gulf Coast Midwest Midwest

Number of Air Separation Units 1 2 2 2 2 2 1 1 1 3 1
Number of Gas Turbines 1 2 2 2 2 2 1 1 1 4 0
Number of Gasification Trains 1 3 2 2 3 3 1 1 1 4 1
Number of Gasification Vessels 2 3 4 2 3 3 1 2 2 4 2
No of Syngas Processing Trains 1 3 2 2 2 2 1 1 1 2 1
Number of 50% H2 trains NA 3 2 2 2 2 NA NA NA NA 2
Design Feed Rates
Feedstock Type Coal Pet Coke  Pet Coke PetCoke PetCoke Pet Coke Coal Coal Pet Coke Coal Coal
Coal or Coke, TPD as received 2,642 5,515 5,679 5,679 5,679 5,692 3,517 2,754 2,077 10,837 3,517
Coal or Coke, TPD dry 2,259 5,249 5,399 5,399 5,399 5,417 3,007 2,355 1,977 9,266 3,007
Feed, MMBtu HHV/hr 2,400 6,495 6,680 6,680 6,680 6,703 3,195 2,481 2,446 9,844 3,195
Feed, MMBtu LHV/hr 2,310.61 6,364 6,545 6,545 6,545 6,567 3,076 2,389 2,397 9,478 3,076
Flux, TPD 0 107 110.2 110.2 110.2 110.6 0 0 40.3 0 0
Water, gpm 2,790 4,830 5,146 5,146 5,146 5,223 3,079 2,840 2,525 9,752 2,457
Condensate, Mib/hr 686 686 686 686 686
Oxygen, TPD of 95% 02 2,130 5,962 5,917 5,917 5,917 5,954 2,294 2,015 2,143 8,009 2,522 (99.5%)
Oxygen, TPD of 02 2,008.69 5,622 5,580 5,580 5,580 5,615 2,164 1,900 2,021 7,553 2,507
Design Product Rates
Electric Power, MW 269.3 395.8 460.7 460.7 460.7 474.0 416.5 284.6 291.3 1,154.6 -18.4
Steam (750°F/700 psig), Mib/hr 980.0 980.0 980.0 980.0 980.0
Hydrogen, MMscfd 79.4 80.0 80.0 80.0 80.0 141.2
Sulfur, TPD 57 367 372 372 372 373 77 60 136 237 76
Slag (@ 15% water), TPD 356 190 195 195 195 195 462 364 71 1,423 474
Fuel Gas, MMBtu HHV/hr 363 0 0 0 0
Solid Waste to Disposal, TPD 3.0
Gas Turbine
Type GE 7FA GE 7FA GE 7FA+e GE 7FA+e GE 7FA+e GE 7FA+e "G/H-class" GE 7FA+e GE 7FA+e GE 7FA+e NA
Fuel Input, Mib/hr 411.4 861.9 984.6 984.6 984.6 1,016.8 543.8 447.0 426.7 1,741.6
Heat Input, MMBtu/hr LHV 1,675 3,374 3,580 3,580 3,580 3,592 2,427 1,796 1,796 7,184
Steam Injection, Mlb/hr 111.0 164.2 429.1 429.1 429.1 395.7 620.1 of N2 246.8 272.3 1,037.8
Gross Power Output, MW 192 384 420 420 420 420 300 210 210 840
Cold Gas Efficiency (HHV), % 76.9 76.9 77.4 77.4 77.4 77.5 80.8 77.8 77.4 78.0 76.5
Steam Turbine Power, MW 118 118.8 150 150 150 164.3 164.1 113 121 465.2 70.6
Internal Power Use, MW 41 107 109 109 109 110 48 38.4 40.7 151 89.0
Heat Rate, HHV Btu/kW-hr 8,912 NA NA NA NA NA 7,671 8,717 8,397 8,526
Thermal Efficiency, % HHV
without Sulfur Byproduct 38.3 NA NA NA NA NA 44.5 39.1 40.6 40.0
Emissions
SOx as SO2, Ib/hr 312 306 385 385 385 350 37 142 119 438 191
NOx as NO2, Ib/hr 161 325 166 166 166 166 127 69 69 275 27
CO, Ib/hr 49 99 88 88 88 89 42 33 34 131 1,840
Sulfur Removal, % 96.7 99.5 99.4 99.4 99.4 99.4 99.7 98.5 99.4 98.9 98.5
Performance Parameters
Tons 02 / Ton of Dry Feed 0.889 1.071 1.034 1.034 1.034 1.037 0.720 0.807 1.022 0.815 0.834
Gross MW / Ton of Dry Feed 0.137 0.096 0.106 0.106 0.106 0.108 0.154 0.137 0.168 0.141
Net MW / Ton of Dry Feed 0.119 0.075 0.085 0.085 0.085 0.088 0.139 0.121 0.147 0.125
Emissions
SOx (SO2) as Ib/MW-hr 1.159 0.773 0.836 0.836 0.836 0.738 0.089 0.499 0.409 0.379
SOx (S0O2) as Ib/MMBtu (HHV) 0.130 0.047 0.058 0.058 0.058 0.052 0.012 0.057 0.049 0.044 0.060
NOx (NO2) as Ib/MW-hr 0.598 0.821 0.360 0.360 0.360 0.350 0.305 0.242 0.237 0.238
NOx (NO2) as Ib/MMBtu (HHV) 0.067 0.050 0.025 0.025 0.025 0.025 0.040 0.028 0.028 0.028 0.008
CO, Ib/MW-hr 0.182 0.250 0.191 0.191 0.191 0.188 0.101 0.116 0.117 0.113
CO, Ib/MMBtu (HHV) 0.020 0.015 0.013 0.013 0.013 0.013 0.013 0.013 0.014 0.013 0.576
Daily Average Feed/Product Rates with Backup Natural Gas (Subtasks 1.1 and 1.7 are without Backup Natural Gas)
Coal or Coke, TPD dry 1,705 4,635 4,310 3,973 4,814 4,842 2,400 1,826 1,546 7,018 2,470
Coal or Coke, % of design 75.5% 88.3% 79.8% 73.6% 89.2% 89.4% 79.8% 77.5% 78.2% 75.7% 82.2%
Power, MW 203.2 374.3 430.0 425.4 436.4 448.4 387.8 264.4 269.4 1,081
Power, % of design 75.5% 94.6% 93.3% 92.3% 94.7% 94.6% 93.1% 92.9% 92.5% 93.6%
Steam, Ibs/hr 972.2 958.6 946.2 974.1 974.6
Steam, % of design 99.2% 97.8% 96.6% 99.4% 99.4%
Hydrogen, MMscfd 78.8 775 76.5 78.7 78.8 116.7
Hydrogen, % of design - 99.2% 97.8% 96.6% 99.4% 99.4% - 81.3%
Fuel Gas, MMBtu HHV/hr 360.1 0 0 0 0
Fuel Gas, % of design 99.2%
Natural Gas, Mscfd NA 10,099 20,000 26,977 9,303 9,059 8,896 6,929 6,929 34,960 NA
Plant Cost, MM mid-2000 $" 452.6 993.2 764.0 746.0 812.6 787.3 464.7 375.0 367.0 1,231.3 529.8
Plant Cost, $/design kW 1,681 NA NA NA NA NA 1,116 1,318 1,260 1,066
Required Electricity Selling
Price for a 12% ROI, $/MW-hr?
Without Natural Gas Backup 67.5 - - - 42.8 53.9 43.9 44.4 NA
With Natural Gas Backup 43.4 34.4 36.5 325 30.0 39.8 48.9 40.6 40.2 NA

NA = Not Applicable
Revised July 31, 2003

1. All costs are mid-year 2000 EPC costs which exclude contingency, taxes, fees and owners costs. They are presented here to show the relative differences between cases.

Current cost estimates should be developed for any proposed applications.
2. Power selling prices are presented to show a relative comparison between cases. The use of natural gas backup is described in Section 11.3.2.
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Table 111.2
Basic Plant Energy Balance and Efficiency Equations

Energy Balance Equations

For the Entire IGCC Plant

Q(In) =Q(Out)

Q(In) = Q(fuel energy) + Q(auxiliary power) + Q(air sensible heat)

Q(Out) = Energy in Products and Byproducts + Q(cooling tower) + Q(stacks) + Q(losses)

where the Energy in Products and Byproducts includes the power, hydrogen, steam, sulfur, and slag

For the Gasification Area

Q(In) =Q(Out)

Q(In) = Q(fuel energy) + Q(auxiliary power) + Q(air sensible heat )

Q(Out) = Q(syngas gas turbine fuel) + Q(sensible and latent heat in the syngas) +
Q(high pressure steam) + Q(sulfur) + Q(carbon in slag) + Q(incinerator stack) +
Q(hydrogen) + Q(cooling tower) + Q(excess) + Q(losses)

where Q(excess) is the net excess of all other energy transferred between areas

For the Combined Cycle Area

Q(In) =Q(Out)

Q(In) = Q(syngas gas turbine) + Q(sensible and latent heat in the syngas) +
Q(high pressure steam) + Q(excess) + Q(auxiliary power) + Q(air)

Q(Out) = Q(power) + Q(stack) + Q(cooling tower) + Q(losses) + Q(export steam)

Note: Similar equations may be developed for the overall mass balance and for ash/slag, carbon, and sulfur.
Efficiency Equations

Overall Efficiency = Energy In Useful Products / Energy In Fuel
Overall Efficiency = [Energy to Combined Cycle x {Combined Cycle Efficiency}
+ Energy in High Pressure Steam x Steam Cycle Efficiency
+ Low Level Energy x {Bottoming Cycle Efficiency}
+ Energy in Products and Byproducts
- Auxiliary Power] / [Fuel Energy]

Where: Energy to Combined Cycle =[Syngas Gas Turbine Fuel + Syngas Sensible Heat]
Combined Cycle Efficiency = 55 to 60% (LHV basis)
Steam Cycle Efficiency = ~35 to 40%
Bottoming Cycle Efficiency < 33%

For the IGCC cases without coproduction:
(Fuel Energy) x (Syngas Cold Gas Efficiency) = Syngas Gas Turbine Fuel
Refer to General Electric data for gas turbine performance and the BFD for integration of the streams.
Notes:
1. All heat values are higher heating values, HHV

2. Carbon conversion is 99%
3. The syngas cold gas efficiency and syngas gas turbine fuel are given for each case in Table III.1
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Table Ill.3

VIP Modifications and Associated Cost Savings* for the
Subtask 1.3 Next Plant Compared to the Subtask 1.2 Plant

Approximate

Value Gasification Area
Improving Practice Description Cost Savings
Process Simplification Simplified Feed System ~20 MM$

Removed Slurry Heaters and
Spare Pumps

Removed Post Reactor Vessels ~15 MM$

and New Advanced Solids
Removal System

Powerline Design Increased Output Same Cost
Optimized Layout Reduced Bulk Piping, ~100 MMS
Electrical Material, etc. and

Installation Labor

Availability Analysis Minimized Number of ~70 MM$
Trains and Spare Units

Total ~ 205 MM$

* The savings primarily are in the combined gasification and balance of plant areas.
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Table lll.4

Scaleup Ratios of the Gasification Plant Sections

Case Subtask 1.1  Subtask 1.2 Subtask 1.3 Subtask 1.4 Subtask 1.5 Subtask 1.6  Subtask 1.7
Description Wabash Petroleum Optimized Petroleum Coke IGCC Optimized Sindle Train Power 1,000 MW
River Coke IGCC Coproduction Plant Coal to 1.5A 1.5B Coal IGCC Coal to
Greenfield Coproduction Base Case  Min Cost Spare Train Next Plant Power IGCC ~ Coal Coke  PowerPlant  Hydrogen

Rod Mills Base 1.0 17 1.7 17 17 1.3 1.0 0.8 1.0 1.1
Gasifier Base 14 14 14 14 14 14 1.0 1.0 1.0 1.3
HTHR Boiler Base 1.3 17 1.7 1.7 16 0.7 0.9 1.0 0.9 0.7
Low Temperature Cooler Base 14 14 14 14 14 14 1.0 1.0 1.0 1.3
Acid Gas Removal Base 15 15 15 15 16 0.6 05 1.1 1.0 0.6
Suifur Recovery Unit Base 15 15 15 15 16 0.6 05 1.1 1.0 0.6

Air Separation Unit Base 14 14 14 14 14 1.1 0.9 1.0 13 12
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Figure Ill.1

Interconnecting Streams for the Subtask 1.3 Next Plant
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Chapter IV

Petroleum Coke Cases

Current IGCC market opportunities (based on recent proposal requests) are large multi-
train, multi-product coke IGCC coproduction plants and large mine-mouth coal IGCC plants.
This chapter describes five petroleum coke IGCC coproduction plants and one petroleum
coke IGCC power plant.

Six petroleum coke IGCC plant cases were developed. Five were coproduction plant
designs, which produced hydrogen and steam for an adjacent petroleum refinery, and one
was a single-train petroleum coke IGCC power plant. The design basis for the coproduction
plants was based upon a typical refinery project (hypothetical) which will process about
5,300 TPD of dry petroleum coke and produce 80 MMscfd of 99% hydrogen at 1,000 psig
and 980,000 Ib/hr of 750°F/700 psig steam while maximizing the export power production
from two General Electric 7FA combustion turbines. Condensate, amounting to about 70%
of the exported steam, is returned from the refinery to the gasification plant. The coke feed
rate is set so as to fully load the gas turbines.

Besides coal, petroleum coke was chosen as the feedstock for the gasification plant
because the IGCC concept is commercially ready and economically viable for the current
refining market. Various plant configurations were investigated and presented in this report
so that potential technology users may evaluate the applicability of petroleum coke IGCC
technology for their specific situations.

IV.1 The Petroleum Coke IGCC Coproduction Plants

The size of the petroleum coke IGCC coproduction plant was set by the hydrogen
production and reliability requirements with the hydrogen capacity being set based on the
size of a typical steam methane reforming (SMR) system of about 80 MMscfd. Hydrogen
availability was assumed to be greater than 98% to match SMR performance and refinery
needs. Therefore, at least one spare gasification train is required for continuous hydrogen
production, and one or more gasification trains with larger coke capacities are required for
power production. Furthermore the design should allow turn down or operation with backup
natural gas for power production, if necessary, and include a spare train to minimize power
purchases and improve project economics.

The objectives of the petroleum coke IGCC coproduction cases were to (1) develop a non-
optimized, highly reliable petroleum coke-based IGCC coproduction plant design (Subtask
1.2) based on the Wabash River coal IGCC demonstration plant configuration, (2) develop
an optimized petroleum coke IGCC coproduction plant design (Subtask 1.3 and Subtask 1.3
Next Plant), and (3) illustrate how the optimized IGCC coproduction plant configuration may
enhance overall project profitability. Four optimized Subtask 1.3 design variations were
developed leading to the Subtask 1.3 Next Plant design which although is not the least
costly design, it is the most efficient, least polluting, and has the highest return on
investment.

Because the gasification plants are attached to a petroleum refinery, they, in effect, become
a part of that refinery, and therefore, the export hydrogen and steam streams must be very
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reliable (have reliabilities greater than 98%). Any unscheduled loss of either the hydrogen
or steam streams could have a catastrophic effect on the refinery operations forcing
numerous unit shutdowns and resulting in significant revenue losses. Thus, special plant
configuration and plant operating procedure are incorporated to maintain the required on-
stream factor for the production of process steam and hydrogen.

The Subtask 1.2 case is an enlarged, three-train, non-optimized modification of the Subtask
1.1 Wabash River Greenfield Plant to process petroleum coke at a Gulf Coast location with
the addition of the hydrogen and steam generation facilities. This design was developed
with three gasification trains (two operating and one spare) feeding two parallel General
Electric 7FA combustion turbines. Figure IV.1 is a simplified block flow diagram of the
Subtask 1.2 plant. These gas turbines are the same as the one that is installed at Wabash
River. In the event of an outage of one gasification train, the spare train can be put on-line
to provide the design hydrogen and steam rates to the refinery without sacrificing export
power production. The low BTU PSA tail (sweep) gas is sent to the refinery for fuel gas.
The Subtask 1.2 plant processes 5,249 TPD (dry basis) of petroleum coke and produces
79.4 MMscfd of 99% hydrogen, 980,000 Ib/hr of 750°F/700 psig steam, 363 MMBtu/hr
(HHV) of fuel gas, and 395.8 MW of export power. Condensate, amounting to about 70% of
the exported steam, is returned from the refinery to the gasification plant. The Subtask 1.2
case is described in greater detail in Appendix B.

There are four design variations of the Subtask 1.3 Optimized Petroleum Coke IGCC
Coproduction Plant: (1) Subtask 1.3 Base Case, (2) Subtask 1.3 Minimum Cost Case, (3)
Subtask 1.3 Spare Gasification Train Case, and (4) Subtask 1.3 Next Optimized Plant Case.
The first three designs use a low cost dry/wet particulate removal system and differ only in
the amount of spare and replicated equipment that they contain. The purpose of developing
and documenting these three cases was to determine the effect of replicated equipment on
availability and its cost benefit (Appendix C). The fourth, the Subtask 1.3 Next Optimized
Plant Case was developed based on the spare gasification train case (Appendix D). The
Subtask 1.3 Next Plant contains an improved dry particulate removal system and other
improvements. Figure IV.2 is a simplified block flow diagram of the Subtask 1.3 Next Plant.
All Subtask 1.3 plants use the newer, larger, and more efficient General Electric 7FA+e
combustion turbine (210 MW capacity) rather than the older 7FA model (192 MW capacity)
used in Subtask 1.2. Table IV.1 summarizes the plant performance, plant capital costs, and
the required power selling prices at 12% after-tax ROI of the Subtask 1.2 and 1.3 Petroleum
Coke IGCC Coproduction Plants.

In all of the Subtask 1.3 designs, higher steam injection rates were used to reduce the
thermal NOx emissions and to increase the power production than are used at Wabash
River or in the Subtask 1.2. Attachment A shows the performance of the General Electric
7FA+e gas turbine which was provided by General Electric.

The Subtask 1.3 Next Plant is the preferred case of the four Subtask 1.3 designs because it
requires the lowest electricity selling price for a 12% ROI ($30/MW-hr). This case includes a
spare gasification train from the feed pumps through the particulate removal section with
minimal sparing elsewhere. The particulates are removed from the syngas in a completely
dry two-step process; first a cyclone removes over 90% of the solids and then dry char filters
(instead of a wet scrubber as used in the other Subtask 1.3 cases) remove the remainder.
This particulate removal system is cheaper than the wet scrubber system used in the other
Subtask 1.3 cases and the dry char filter system used at Wabash River. It should have a
higher availability. Also, the coke feed rate and export power production are increased by
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about 3%. Furthermore, the spare wet scrubber column was eliminated. Appendix D
contains a detailed description of the Subtask 1.3 Next Plant design as well as a discussion
covering the availability and financial analyses that were performed to evaluate the Subtask
1.3 cases.

Figure IV.3 is a block flow diagram of the Subtask 1.3 Next Optimized Petroleum Coke
IGCC Coproduction Plant. It also shows the major stream flow rates. Figure 1V.4 is a site
plan for the Subtask 1.3 Next Plant, and Figure 1V.5 is an artists’ conception of the facility.

The first three Subtask 1.3 designs all have the same process flow scheme and process
5,399 tpd (dry basis) of petroleum coke and produce 80 MMscfd of 99% hydrogen, 980,000
Ib/hr of 750°F/700 psig steam, and 460.7 MW of export power. PSA hydrogen recovery is
85%. In all three cases, the gasification plant differs from the Wabash River design in that
the particulates are removed from the syngas in a two-step process; first a cyclone removes
over 90% of the solids, and then a wet scrubber removes the remainder. These three cases
were developed in order to examine the amount of replication and spare equipment on the
plant cost, expected performance (availability), and economics. Furthermore, they provided
a springboard for development of an improved solids removal system with higher availability
which is used in the Subtask 1.3 Next Plant design.

The Subtask 1.3 Base Case design contains two parallel gasification trains with each
gasification train containing a spare gasification vessel. This is the Wabash River
gasification reactor configuration. It is described in detail in Appendix C. When it is
necessary to replace the refractory in one gasifier, the piping can be switched (via swing
spool pieces) to place the spare vessel in service and minimize the downtime. Thus, the
time-consuming refractory replacement can be done while the plant is operating.

The Subtask 1.3 Minimum Cost case is identical to the Base Case except that the spare
gasification vessels have been removed from each gasification train. This case was
developed to determine if the cost savings would compensate for the lost revenue that
occurs during the long outages when the train is shutdown for refractory replacement.

The Subtask 1.3 Spare Gasification Train Case added a complete spare gasification train
from the slurry feed pumps through the wet scrubber. Thus, when one of the operating
trains has to be shut down either for maintenance or problems, the spare train can be
brought on line and production can be maintained. This case was developed to determine if
the extra revenue from the increased production could compensate for the additional cost of
the spare train.

An availability analysis of each of the cases was performed based on the EPRI
recommended procedure using the Wabash River availability data.”® Table V.1 and Figure
IV.6 show the design and calculated daily average flow rates for the Subtask 1.2 and the
four 1.3 plants. These results showed that the Subtask 1.3 Next Plant has the highest
availabilities and the highest daily average product rates. Appendix J contains a complete
description of the availability analyses studies that were performed.

! Research Report AP-4216, “Availability Analysis Handbook for Coal Gasification and Combustion Turbine-
based Power Systems”, Research Project 1800-1, Electric Power Research Institute, 3412 Hillview Avenue,
Palo Alto, CA 94304, August 1985.

2 Topical Report Number 7, “The Wabash River Coal Gasification Repowering Project,” Contract No.
DE-FC21-92M(C9310, November 1996, http://www.netl.doe.gov/publications/others/topicals/topical 7.pdf.
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The “overnight” mid-year 2000 EPC costs for the Subtask 1.2 and 1.3 petroleum coke IGCC
coproduction plants also are shown in Table IV.1. The Subtask 1.2 plant cost is 993.2 MM$.
The four Subtask 1.3 plant costs range from 812.6 MM$ to 746.0 MM$. As compared to the
cost of the four non-optimized Subtask 1.2 case, the saving varies from 180.6 MM$ to 247.2
MM$. These savings are the result of the Value Improving Practices and optimization
efforts.

Chapter Il presented the basic economic parameters that were used for all the financial
analyses in this study for determining the return on investment (ROI). The prices are based
on long-term projections for the U. S. Gulf Coast (except the coal price which is a Mid-West
price). The inflation rates generally are based on the Energy Information Administration’s
Annual Energy Outlook 2001.° Using a discounted cash flow economic model that was
developed by Nexant, Inc. for the Department of Energy, the required power selling prices
that were required to produce a 12% after tax ROl were calculated.* The bottom row of
Table IV.1 shows the results. In all cases, backup natural gas is used to fire the combustion
turbines whenever sufficient syngas is unavailable in order to provide export power.

The Subtask 1.2 plant requires a power selling price of 43.4 $/MW-hr. The required power
selling prices for the Subtask 1.3 plants varies between 32.5 $/MW-hr for the Spare Train
Case to 36.5 $/MW-hr for the Minimum Cost Case. The Minimum Cost Case has the
highest power selling price showing that elimination of the spare gasification vessels is not
advantageous. For the best Subtask 1.3 case, the Spare Train Case, the required selling
price was reduced by almost 11 $/MW-hr as a result of this study. Furthermore,
examination of the first three Subtask 1.3 cases shows that the extra cost of the spare train
to increase the average daily plant capacity is beneficial since it reduces the required power
selling price for a 12% ROI by about 2 $/MW-hr over the Base Case. See Appendix C for a
more complete availability and financial analysis of the Subtask 1.3 plants.

As shown in Table IV.1, the further optimization made in the Subtask 1.3 Next Plant case
reduced its cost to 787.2 MM$, or about 25 MM$ less than that of the Subtask 1.3 Spare
Train Case. As a result, the required power selling price for a 12% ROI dropped to 30.0
$/MW-hr. This is a 30% reduction in the electricity price compared to the non-optimized
Subtask 1.2 plant.

A advanced natural gas combined cycle plant starting up in 2005 is expected to have a heat
rate of 6,639 HHV Btu/kw-hr (6,035 LHV Btu/kW-hr).> With 2.60 $/MMBtu HHV natural gas,
this gas-fired power plant will require an export power price of 33.0 $/MW-hr to generate a
12% ROI. Thus, the Subtask 1.3 Next plant is competitive with a new natural gas combined
cycle plant that will be starting up at about the same time.

Currently, the United States is in a period of low inflation and very low interest rates. With
an 8% loan interest rate and the same 3% upfront financing fee, the required power selling
price for the Next Plant drops to 28.6 $/MW-hr which is competitive with current power
prices. As natural gas prices rise above the 2.60 $/MMBtu price assumed in this economic
analysis, petroleum coke gasification plants should become even more competitive.

3 U. S. Department of Energy, Energy Information Administration, “Annual Energy Outlook 2001 with
Projections to 2020”, December 2000, www.eia.doe.gov/oiaf/aco.

* Nexant Inc., “Financial Model Users Guide — IGCC Economic and Capital Budgeting Evaluation”, Report for the U. S.
Department of Energy, Contract No. DE-AMO01-98FE64778, May 2000.
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Figure IV.7 shows the effect of the power selling price on the return on investment for the
Subtask 1.2, Subtask 1.3, and Subtask 1.3 Next Plant cases. At a 30.0 $/MW-hr the
Subtask 1.3 Next Plant will produce a 12% ROI, which is over 2 points better than the
Subtask 1.3 Spare Train Case and over 9 points better than the Subtask 1.2 plant. As the
power selling price increases, the ROIls increase significantly. At a 35 $/MW-hr power
selling price the Subtask 1.3 Next Plant has a 16.7% ROI, and at a 40 $/MW-hr, it has a ROI
of 21.1%. With a 10% loan interest rate and a 30$/MW-hr power selling price, the ROIs for
the Subtask 1.3 Next Plant and the Subtask 1.3 Spare Train case increase to 15.7% and
13.4%, respectively.

IV.2 The Single-Train Petroleum Coke IGCC Power Plant

The objective of Subtask 1.5 was to highlight the similarities and differences between single-
train coal- and coke-fueled IGCC power plants located on the U. S. Gulf Coast. Both plant
designs were developed from the original, but larger, optimized Subtask 1.3 Petroleum Coke
IGCC Coproduction Plant. Appendix F provides a detailed discussion and comparison of
these two plants. The results of this case show that there are sufficient similarities between
the coal- and coke-fueled IGCC plants so that experience acquired from the design,
construction, and operation of coke-fueled IGCC plants will reduce the technical risk, capital,
and operating costs of coal-fueled IGCC plants.

Since its startup in 1994, Wabash River has been operating commercially on its design
feedstock, high sulfur coal. Subsequently, the plant has been operating on delayed
petroleum coke to reduce feedstock cost. Coke operations have been very smooth with
minor changes from the coal operations.> This showed that a plant designed for coal can
operate on petroleum coke and confirmed that the designs for both coal and coke plants are
similar. When the plant was using coke:

There were no operational problems.

Less boiler fouling was observed.

Tar in the syngas is negligible

Additional char is produced, but it could be handled in the existing particle removal
system

¢ Industrial hygiene considerations are the same as for coal operation.

In this study, the design to capacity (DTC) reviews for the coal and coke feedstocks were
based on actual operating experience. Following is a brief list of the DTC adjustments that
highlight the design differences between coal and coke:

o Coke is harder to grind and has a higher specific horsepower requirement than coal.

e The low moisture content of coke makes it easier to slurry and to achieve higher
slurry concentrations. However, this is offset by the lower reactivity of coke so that
coal has a slightly higher cold gas efficiency than coke.

> Amick, P., “Gasification of Petcoke using the E-GAS Technology at Wabash River,” 2000 Gasification
Technologies Conference, San Francisco CA, Oct. 8-11, 2000.
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o Coke has a greater energy content per pound (HHV), because it contains less non-
fuel components (i.e., nitrogen, oxygen, ash, and water). This, combined with higher
slurry concentrations, reduces the capacity of the slurry feed system

e Coal has a slightly higher carbon conversion, but both feedstocks have high overall
carbon conversions.

e The clean syngas compositions for coal and coke are shown in Table IV.2. The
syngas compositions are similar, but the syngas from coke contains more CO and
less H,. Because of the higher slurry concentration, the coke-based syngas contains
less CO..

e The higher carbon content and lower oxygen content of coke usually increases the
oxygen requirements.

o Coke produces little or no tars. Therefore, the T-120 soak vessel is not required.
Coke has very little ash, and requires flux addition to keep the molten ash flowing.

o The use of flux and char recycle keeps the nickel and vanadium in the slag, and out
of the downstream gas systems.

o Coke has more than twice the sulfur content of coal. Therefore, larger acid gas
removal systems, sulfur recovery units, and tail gas recycle compressors are
required.

While individual process units change in size, the cost of the overall coal and coke IGCC
systems are about the same. Furthermore, if a plant were designed for both/either
feedstock, then many areas would have to be oversized (as is the case with Wabash River)
making the plant more costly. Therefore, a clear single-point definition of the plant feedstock
with minimum variation/range of composition is needed for development of a minimal cost
design.

The Subtask 1.5B coke fueled IGCC power plant processes 1,977 TPD of delayed
petroleum coke and produces 291.3 MW of export electric power, 136 TPD of sulfur, and 71
TPD of slag. It has a heat rate of 8,397 Btu/kW-hr and a thermal efficiency (HHV) of
40.64%. The total installed plant cost is 367 MM$ (mid-year 2000 $) or 1,261 $/kW.°

Based on the previously discussed economic parameters, the required power selling price
for a 12% ROI is 43.9 $/MW-hr without the use of backup natural gas, and 40.6 $/MW-hr
with the use of backup natural gas during periods when there is an outage of the gasification
block. At an 8% loan interest rate, the required power selling price for a 12% ROI with
natural gas backup drops to 37.8 $/MW. Both of these power prices are above those
required by the advanced natural gas combined cycle plant.

The economics of the Subtask 1.5B Petroleum Coke IGCC Power Plant will be compared
with the Subtask 1.5A Coal IGCC Power Plant in Section V.2 of this report where power only
plants are discussed. This will allow a comparison with the other single-train IGCC power
plants, all of which are coal fired, that were developed during this study.

At the Wabash River facility, Global Energy has been making significant gains in operating
on both coal or coke, improving the technology, and reducing the O&M costs. As the
owner/operator of the Wabash River gasification system, Global Energy has the ability to

% All plant EPC costs mentioned in this report are mid-year 2000 order of magnitude cost estimates which
exclude contingency, taxes, licensing fees, and owners costs (such as land, operating and maintenance
equipment, capital spares, operator training, and commercial test runs).
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test new technology developments. This testing will support project financing and
commercial development.

Currently there is a market for large petroleum coke IGCC coproduction plants because of
the availability of low cost coke and the need for new hydrogen production capacity. Thus
far, there are three operating petroleum coke gasification plants (Delaware Clean Energy
Project, ExxonMobil Baytown Syngas Project, and Farmland Industries Petrochemical
Plant.). Therefore, significant experience in the design, engineering, construction, and
operation will be available before a coal-fueled IGCC plant is built. While it is difficult to
quantify these benefits, the capital and operating costs of the coal-fueled IGCC plants
shown in this report could be further reduced. The operating success of these coke-fueled
IGCC plants also will reduce the technical risks associated with coal-fueled plants.
Subsequently, project financing costs will be lowered because of the demonstrated
commercial performance of these coke-fueled IGCC projects.
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Table IV.1
Comparison of the Subtask 1.2 and 1.3 Cases
Subtask 1.3
Subtask 1.2 Subtask 1.3 Next Plant
Daily Average
Daily Base Minimum Spare Daily
Case Design Average Design Case Cost Case Train Design Average
Product Rates
Power, MW 395.8 374.3 460.7 430.0 425.4 436.4 474.0 448.4
Hydrogen, MMscfd 79.4 78.8 80.0 77.5 76.5 78.7 80.0 78.8
Steam, Mib/hr 980.0 972.2 980.0 958.6 946.2 974.1 980.0 974.6
Sulfur, TPD 367.0 3241 371.8 296.8 273.6 331.5 373.4 333.8
Slag, TPD 190.0 167.8 194.5 155.3 143.1 173.4 195.1 174.4
Fuel Gas, MMscfd 99.6 98.8 0 0 0 0 0 0
Input Rates
Coke, TPD 5,249 4,635 5,399 4,310 3,973 4,814 5,417 4,842
Flux, TPD 107 94.5 110.2 88.0 81.1 98.3 110.6 98.9
Natural Gas, MMBtu/d 0 10,099 0 20,000 26,977 9,303 0 9,059
EPC Cost (see note),
MM$ (mid-year 2000) 993.2 764.0 746.0 812.6 787.2
Required Power Selling Price
For a 12% after-tax ROI, $/MW-hr 43.36 34.45 36.49 32.48 30.02
Note:

All EPC plant costs mentioned in this report are mid-year 2000 order of magnitude cost estimates which exclude contingency, taxes,
licensing, and owners costs (such as land, operating and maintenance equipment, capital spares, operator training, and commercial

test runs).
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Table IV.2

Comparison of Subtask 1.5 Coal and Coke Syngas Compositions

Subtask 1.5A Subtask 1.5B

Feedstock Coal Petroleum Coke
Syngas Composition, mole% dry

Hydrogen 33.2 27.2

Carbon Monoxide 46.3 59.6

Carbon Dioxide 14.3 9.0

Methane 3.6 1.6

Other 2.6 2.6
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Figure IV.1
Subtask 1.2 - Train Block Diagram
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Figure IV.2
Subtask 1.3 Next Plant - Train Block Diagram
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Figure IV.3
Block Flow Diagram of the Next Optimized

Petroleum Coke IGCC Coproduction Plant
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Figure IV.4
Site Plan of the Next Optimized

Petroleum Coke IGCC Coproduction Plant
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Figure IV.5
Artist’s Conception of the Next Optimized

Petroleum Coke IGCC Coproduction Plant
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Figure IV.6

Design and Daily Average Coke Consumptions
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Figure IV.7

Effect of Power Selling Price on the Return on Investment

N N
o O
\

/ —E—Subtask 1.2

A 2 Subtask 1.3 Spare Train

RN
@)
|

=A== Subtask 1.3 Next Plant

Spare Train @ 8% Interest

RN
o
|

A Next Plant @ 8% Interest

Ol
|

/

25 30 35 40 45 310
Electricity Price, $/MW-hr

Return on Investment, %

o

IV-15



Gasification Plant Cost and Performance Optimization Chapter V
DE-AC26-99FT40342 Coal Cases

Chapter V

Coal Cases

This study investigated five coal-fueled IGCC plants to compare the relative performance,
merits, and costs of the optimized coal IGCC cases on a common basis as measured by net
present value (NPV), return on investment (ROI), and the cost of electricity. The five plants
discussed in this chapter are:

The Subtask 1.1 Wabash River Greenfield Plant,

The future Subtask 1.4 Optimized Coal to Power IGCC Plant,
The Subtask 1.5A Coal Fueled IGCC Power Plant,

The Subtask 1.6 Nominal 1,000 MW Coal IGCC Power Plant,
The Subtask 1.7 Coal to Hydrogen Plant

aokronN=~

The first three of the above plants are single-train coal fueled IGCC power plants. The
Subtask 1.6 1,000 MW plant essentially is a four-train power plant. The Subtask 1.7 is a
coal fueled gasification plant in which hydrogen is the principal product. In addition, Subtask
1.5 includes the design of the Subtask 1.5B coke fueled single-train IGCC power plant for
comparison with the Subtask 1.5A coal fueled plant.

These cases were considered because they are the likely coal-fueled IGCC plant
configurations that may be the first generation of clean-power-from-coal plants. The results
of these case studies will allow future coal-fueled power plant owners to investigate various
gasification plant options and also to identify future R&D needs which will further reduce the
cost of electricity.

The following discussion of the above cases provides sufficient information to also allow
assessment of the proposed designs compared to other IGCC and technology options.

V.1 The Subtask 1.1 Wabash River Greenfield Plant

The Subtask 1.1 Wabash River Greenfield Plant replicates the as-built Wabash River facility
that was developed during the Wabash River Repowering Project and as was subsequently
modified on a greenfield site. The primary objective for developing this plant design was to
develop an accurate and documented cost basis starting from the actual Wabash River
costs to use for the subsequent plant designs. In developing this case, new equipment was
incorporated to replace the 1953 Westinghouse steam turbine, coal handling equipment,
condensed and circulating water systems, and offsites. First-off-a-kind and project specific
construction costs, such as site specific costs, were excluded.

The Subtask 1.1 Wabash River Greenfield Plant processes 2,259 TPD of dry lllinois No. 6
Coal to make 269.3 MW of export power, 57 TPD of sulfur, and 356 TPD of slag. The
General Electric 7FA gas turbine produces 192 MW of power, and the newer, more efficient
steam turbine generates 118 MW. The plant consumes 40.7 MW of power internally leaving
269.3 MW available for export. The plant has a heat rate of 8,912 Btu (HHV)/kW-hr, or a
38.3% thermal efficiency. Appendix A contains a detailed description of the Subtask 1.1
Wabash River Greenfield Plant.
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Table V.1 summarizes the design and daily average feed, product and emissions rates for
the Subtask 1.1 greenfield plant. The plant as configured at the start of this study would
cost about 452.6 MM$ (mid-year 2000 basis) including all revisions and modifications that
were made to the repowering project to improve performance.

Using the previously described economic parameters, the plant requires a 67.5 $/MW-hr
current power selling price to produce a 12% return on investment without natural gas
backup. When this study was started, the Wabash River facility was not configured to use
backup natural gas to fire the gas turbine when syngas was unavailable. Therefore, that
option was not considered for this case. In actuality, the plant was modified to use backup
natural gas during the summer of 2001.

V.2 The Subtask 1.6 Nominal 1,000 MW Coal IGCC Power Plant

The Nominal 1,000 MW Coal IGCC Power Plant is an optimized design for a current base-
loaded coal power plant located at a Mid-West site. This is a four gasification train plant
with each gasification train containing a single gasifier vessel. The power block contains
four General Electric 7FA+e combustion turbines (210 MW each) and two steam turbines
(232.6 MW each). The gasification area is based on the Subtask 1.3 Next Plant design and
uses Global Energy’s current E-GAS™ gasifier with an advanced dry system for removing
particulates from the syngas. This system consists of a cyclone, which removes over 90%
of the particulates, followed by a dry filter system.

Not all sections of the plant contain four trains. Wherever possible, the number of trains was
reduced to two or three to take advantage of the economies of scale. There are two slurry
preparation areas, three air separation units, two wet scrubbers, two low temperature heat
recovery areas, two COS hydrolysis reactors, two sulfur removal areas, and two sulfur
recovery plants. The EPC cost of the plant is 1,231 MM$ (mid-2000) or 1,066 $/kW. On a
$/kW basis, the Subtask 1.6 plant costs 36% less than the Subtask 1.1 plant. This is below
the predicted cost for the advanced single-train Subtask 1.4 plant which will be described
later. Appendix G provides a detailed description of the Subtask 1.6 plant

Table V.1 compares the performance and cost of this plant with that of the Subtask 1.1
Wabash River Greenfield Plant. The Subtask 1.6 Nominal 1,000 MW Coal IGCC Power
Plant consumes 9,266 TPD of dry lllinois No. 6 coal and produces 1154.6 MW of export
power, 237 TPD of sulfur and 1,423 TPD of slag. The plant has a heat rate of 8,526 Btu
(HHV)/kW-hr, or a 40.0% thermal efficiency (HHV), which is almost 2% better than the
Wabash River Greenfield Plant.

Figure V.1 is a block flow diagram of the Subtask 1.6 Optimized 1,000 MW Coal IGCC
Power Plant. It also shows the major stream flow rates. Figure V.2 is a site plan for the
plant, and Figure V.3 is an artists’ conception of the facility. Although the plant produces
over four times the amount of export power, the process section of the plant occupies only
about three times the plot area of the Wabash River Greenfield Plant. The compression of
the plant into a smaller plot area while still maintaining accessibility during construction and
for maintenance resulted in significant cost savings because less interconnecting piping and
site work are required.

Based on the financial parameters discussed previously, the Subtask 1.6 plant requires a
current power selling price for a 12% after tax ROl of 44.4 $/MW-hr without natural gas
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backup, and 40.2 $/MW-hr with natural gas backup. Under today’s conditions of low
inflation, if an 8% loan interest rate with the same 3% upfront financing fee can be obtained,
the required power selling price drops to 37.8 $/MW-hr with backup natural gas.

Because the availability analysis for the Subtask 1.6 plant showed that all four gasification
trains would be operating simultaneously for only about 36% of the time, an alternate
Subtask 1.6 design case was considered in which each gasification train was enlarged to
33.3% of the total plant capacity. This redesign increased the time when sufficient syngas
would be available to fire all four gas turbines to 42% with only a moderate increase in the
plant cost of about 43 MM$. As a result, the required power selling price for a 12% ROI
dropped to 40 $/MW-hr without natural gas backup and to 38.9 $/MW-hr with natural gas
backup.

With an 8% loan rate, the required power selling prices drop even lower. For the case
without backup natural gas, the required power selling price for a 12% ROI drops to 37.2
$/MW-hr and to 36.4 $/MW-hr with backup natural gas. At these power prices, this coal-
fired 1,000 MW IGCC power plant can be competitive with new natural gas combined cycle
power plants using 3.2 to 4.0 $/MMBtu (HHV) natural gas.

V.3 The Subtask 1.4 and 1.5A Single-Train IGCC Power Plants

V.3.1 The Subtask 1.5A Coal IGCC Power Plant

The Subtask 1.5 coal and coke fueled single-train IGCC power plants were based on the
previously described original Subtask 1.3 design. These plants incorporate a gasification
area that was developed as a result of the Value Improving Practices and optimization
efforts that were part of Subtask 1.3. Particulates are removed from the syngas by a
cyclone followed by a wet scrubber. Both Subtask 1.5 plants use the newer, larger, and
more efficient General Electric 7FA+e combustion turbine (210 MW capacity) rather than the
older 7FA model (192 MW capacity) used at the Wabash River facility. With increased
steam dilution, the 7FA+e turbines have significantly reduced NOx emissions. The Subtask
1.5 coal and coke single-train IGCC power plants are described in detail in Appendix F.

Both the Subtask 1.5 coal and coke plants are very similar in design and contain basically
the same equipment as shown in Appendix F. The major differences between the two
plants were enumerated in Section IV.2 of the previous chapter. Table V.2 contains a
concise summary of the performance of these plants.

The Subtask 1.5A coal fueled power plant consumes 2,335 TPD of dry lllinois No. 6 coal
and produces 284.5 MW of export power, 60 TPD of sulfur and 364 TPD of slag. The plant
has a heat rate of 8,717 Btu (HHV)/kW-hr, or a 39.1% thermal efficiency (HHV). The plant
cost 375 MM$ (mid-year 2000) or 1,318 $/kW of export power.

The Subtask 1.5B coke fueled power plant consumes 1,977 TPD of dry delayed petroleum
coke and 71 TPD of flux. It produces 291.3 MW of export power, 136 TPD of sulfur and 71
TPD of slag. The plant has a heat rate of 8,397 Btu (HHV)/kW-hr, or a 40.6% thermal
efficiency (HHV). The plant cost 367 MM$ (mid-year 2000) or 1,262 $/kW of export power.
It is more efficient and costs slightly less than the corresponding coal plant primarily
because it does not have to process as much ash (mineral matter) which leaves the system
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as slag, and it does not have makeup water treatment facilities since it gets its makeup
water from the refinery.

Both of the Subtask 1.5 plants cost over 75 MM$ less that the Subtask 1.1 Wabash River
Greenfield Plant and produce more export power showing the effect of the improvements
that have been made as a result of this study and the larger and more efficient combustion
turbine. On a $/kW basis, the Subtask 1.5A coal IGCC plant costs over 22% less than the
Subtask 1.1 plant.

The required power selling price for a 12% ROI for the Subtask 1.5A coal fueled plant is
53.9 $/MW-hr without natural gas backup and 48.8 $/MW-hr with natural gas backup.
These are 20 and 22% reductions in the required power price compared to the Subtask 1.1
plant.

The required power selling prices for a 12% ROI for the Subtask 1.5A petroleum coke fueled
plant are even lower; 43.9 $/MW-hr without natural gas backup and 40.6 $/MW-hr with
natural gas backup. These prices are lower primarily because the petroleum coke has an
effective cost of 0 $/ton compared to the 22 $/ton cost of the dry coal.

V.3.2 The Subtask 1.4 Future Optimized IGCC Power Plant

The future Subtask 1.4 Optimized Coal to Power IGCC Plant is a future plant design that is
based upon an advanced “G/H-class” combustion turbine that is expected to be
commercially available at the end of the decade. The design for this plant was developed
starting from the optimized Subtask 1.3 petroleum coke plants. During the VIP exercise
some ideas were generated that were specifically for coal and some that were specifically
for coke. Those ideas that were specifically for coal were included in the Subtask 1.4
design. In addition, some other ideas that still need some further development also were
included because they are expected to be proven by the time the plant will be designed.
Quantification of the effect of these VIP improvements for this case compared to a base
case (as is done in Table 111.3) is difficult because of the differences in plant size and gas
turbine technology. Because these are single train plants, availability improvements have a
smaller contribution, and the larger plant size will have a greater effect because of the
economies of scale.

This is an integrated plant that uses an advanced, higher-pressure gasifier. The gasification
area also contains some advances that still need further development and testing such as
the use of a “hot” cyclone upstream of the high temperature heat recovery system for
particulate removal (rather than downstream as in the Subtask 1.3 and 1.6 plants) and slurry
feed vaporization (SFV). With SFV, all the coal slurry is injected solely into the second
stage of the gasifier where the hot syngas leaving the first stage evaporates the slurry water.
Dried particulates and unreacted coal are collected by the cyclones and recycled back to the
first stage of the gasifier.

The Subtask 1.4 Optimized Coal to Power IGCC Plant consumes 3,007 TPD of dry lllinois
No. 6 coal and produces 416.5 MW of export power, 76.7 TPD of sulfur and 462 TPD of
slag. The plant has a heat rate of 7,671 Btu (HHV)/KW-hr, or a 44.5% thermal efficiency
(HHV) to power. This is over a 6% increase in thermal efficiency compared to the Subtask
1.1 Wabash River Greenfield Plant. The plant cost is 464.6 MM$ (mid-year 2000) or 1,116
$/kW of export power. On $/kW basis, the Subtask 1.4 plant costs one-third less than the
Subtask 1.1 plant.
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The required power selling price for a 12% ROI for the Subtask 1.4 Optimized Coal to Power
IGCC Plant is 42.8 $/MW-hr without natural gas backup and 39.8 $/MW-hr with natural gas
backup at a 10% loan interest rate. These are 36% and 41% reductions in the required
power cost compared to the Subtask 1.1 plant, respectively. With an 8% loan interest rate,
the required power selling price for a 12% return on investment drops to 39.9 $/kW-hr
without backup natural gas and to 37.3 $/kW-hr with backup natural gas.

This plant is not economic compared to the 2005 advanced natural gas combined cycle
plant, which has required power selling prices of 36.3 and 35.4 $/Mw-hr with $3.00 $/MMBtu
HHV gas with 10 and 8% loan interest rates, respectively. However, the difference between
the two technologies is closing. As further improvements are made and/or natural gas
prices increase, the cost differences will continue to shrink.

Since the Subtask 1.4 design was finalized, two additional improvements were developed;
namely improved designs for the syngas cooler heat exchanger and the sour water stripper.
The improved sour water stripper design uses more corrosion resistant (and expe