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1.0 EXECUTIVE SUMMARY

As a result of the investigations carried out during Phase I of the Engineering Development of
Coal-Fired High-Performance Power Generation Systems (Combustion 2000), the UTRC-led
Combustion 2000 Team is recommending the development of an advanced high performance power
generation system (HIPPS) whose high efficiency and minimal pollutant emissions will enable the US
to use its abundant coal resources to satisfy current and future demand for electric power. The high
efficiency of the power plant, which is the key to minimizing the environmental impact of coal, can only
be achieved using a modern gas turbine system. Minimization of emissions can be achieved by
combustor design, and advanced air pollution control devices.

The commercial plant design described herein is a combined cycle using either a frame—type gas

turbine or an intercooled aeroderivative with clean air as the working fluid. The air is heated by a
coal-fired high temperature advanced furnace (HITAF). The best performance from our cycle is
achieved by using a modern aeroderivative gas turbine, such as the intercooled FT4000. A simplified
schematic is shown in Figure 1.0-1. In the UTRC HIPPS, the conversion efficiency for the heavy frame
gas turbine version will be 47.4 % (HHV) compared to the approximately 35% that is achieved in
conventional coal-fired plants. This cycle is based on a gas turbine operating at turbine inlet
temperatures approaching 2500°F. Using an aeroderivative type gas turbine, efficiencies of over 49%
could be realized in advanced cycle configuration (Humid Air Turbine, or HAT). Performance of these
power plants is given in Table 1.0-1.
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Figure 1.0-1  Simplified Schematic of HIPPS/HITAF.



Table 1.0-1 Performance of HITAF Power Plants

Application GT Type/Size Steam Conditions ST Size Efficiency
MW psi/°F/°F MW %
Greenfield Frame/160 2400/1000/1000 150 474
Greenfield Aero/120 2400/1050/1050 101 48.5
Repowering HAT/203 N/A N/A 49.5
Repowering Aero/109 2400/1050/1050 219 43.5
Repowering Aero/109 2400/1050/1050 112 46.5
Repowering Aero/109 1450/950/950 104 45.1
Repowering HAT/184 2400/1050/1050 124 47.0

The use of the aeroderivative engine configurations was also investigated for repowering, i.e.,
using the gas turbine to supply heat, either as combustion air and/or to heat feedwater, to an existing
steam turbine. Efficiencies from 43% to over 47% could be realized for a wide variety of plant sizes
and steam conditions. A new furnace would be required in most cases for the designs studied. This new
furnace would use only the convective air heater portion of the HITAF. The radiant air heater can also
be used in repowering, depending on specific requirements. Repowering is a low-risk approach to the
HITAF and could be demonstrated in commercial size early in the next century. Performance of
selected repowering systems is also given in Table 1.0-1.

The emissions from these plants meet a proposed standard which is 10% of current NSPS for
coal-fired steam stations; i.e., SOy and NOy are 0.06 Ib/MMBtu, and particulates are 0.003 1b/MMBtu.
Preliminary costing was done only for the frame-type power plant. The ten-year levelized cost of
electricity was about 5% less than that of a conventional coal-fired plant meeting current NSPS.

1.1 Objectives

The primary objective of the UTRC HIPPS Phase I investigation was to identify the technical
and economic feasibility of UTRC’s advanced power concept by:

1) producing conceptual designs for key components;
2) comparing the economics of our concepts with alternative power systems, and

3) identifying the technical issues that must be addressed in order to realize a commercial
demonstration before the end of the century.

1.2 Technical Issues

Because the gas turbine technology is already being developed to meet the >47% efficiency
goal, the key to the success of the HIPPS program is the development of an integrated combustor/air
heater that will fire a wide range of US coals with minimal use of natural gas and with the reliability of
current coal-fired power plants.



e The air heater must be capable of raising the temperature of clean air to about
1700°F (2500°F for the all coal design) by extracting heat from coal combustion
products that contain ash.

e The temperature of the coal combustion products in the furnace is about 3000°E
Since the air panels do not extract nearly as much heat as water walls, the wall surface
temperature will be above the ash fusion temperature of most coals. Therefore our
design incorporates slagging walls and wet bottom operation.

e The most efficient combined-cycle system will maximize the gas turbine compared to
the steam turbine cycle. In our commescial plant designs, at least half of the heat
from the coal combustion is used in the gas turbine.

e The compatibility of the slagging combustor with the high temperature radiant air
heater is the critical challenge

1.3 Technical Approach — HITAF

The design of the HITAF system is complicated by the close coupling between the operating
conditions of the combustor and the integrated air heater, combined with the need to control the flow
and disposition of the ash. In Phase I, the approach has been to design the components with a “top
down” methodology. That is, we first select an available turbine and then match the component
designs with realistic operating conditions. The operating conditions imposed on the combustor/air
heater were determined by a detailed cycle analysis. Once the power cycle requirements are known,
thermodynamic considerations determine the conditions for the air heater and, in turn, the

combustor. The arrangement of the UTRC HITAF components is presented in Figure 1.0-2.

1.3.1 The High Temperature Combustor

The HITAF combustor provides for the safe, complete combustion of a wide range of coals with
minimal pollutant emissions. Most of the development risks are concentrated in the percentage and
type of coal that can be burned and the ash management strategy.

Because the combustor is a new design and not just a deviation from conventional pulverized
coal-fired boiler technology, there are many options for controlling the coal combustion to minimize
NO, formation. In addition, the HITAF has been designed to provide optimal conditions for the
application of selective non-catalytic reduction of NO, (SNCR).

Two HITAF combustor concepts are under consideration: (a) long axial flame, which was carried
through the preliminary design stage; and (b) tangential firing, which was included during the
extension to Phase I. The long flame is a relatively new approach which offers the potential for lower
NO, production and minimum ash impingement on the walls. Tangential firing, on the other hand, is a
well-demonstrated commercial approach. Both concepts rely on diffusional mixing and natural
reburn to control NOy production. Preliminary results are available for the long flame. These two
approaches will be evaluated for temperature profile control, ash impingement, NOy production and
development and construction costs.
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Figure 1.0-2. UTRC Arrangement of HITAF Components.
1.3.2 The HITAF Air Heater

An air heater has been designed that is readily compatible with the gas turbine. Our designs
recognize the interactions and conflicts between combustor and air heater, and the program included
many trade-off studies. The failure risk of an air heater exposed to hot coal combustion products was a
major concern of this study. (The alternative of allowing coal combustion products to enter a gas
turbine is immeasurably worse. Even ppm levels of alkali and sulfur can have a deleterious effect on
the precision components of a turbine. The design of a corrosion resistant air heater is a technological
possibility, whereas a high performance gas turbine that can operate in a corrosive environment
without loss of efficiency is not a possibility in the foreseeable future.) Our air heating is separated into
(a) a high temperature radiant heater and (b) a lower temperature convective air heater. At the higher
temperatures, the walls will be sufficiently hot (ca. 2600°F) that most ashes will be slagging. At the
lower temperatures, the walls will be cool enough that the dry ash will only slowly densify. By this
approach, we can avoid having the ash pass through its solidus temperature within our air heater. Even
with a slag screen, a good deal of the ash will pass into the air heater and if it were collected there, it
would eventually clog. Our radiant air heater design consists of panels cast from alloy with interior
passages for the air. The corrosion protection is provided by a high temperature ceramic refractory
coating, not unlike those used in blast furnaces. Laboratory scale tests of this concept have successfully
demonstrated the ability to heat air from 1300°F to nearly 1800°F in an an alloy tube by radiation with
flowing slag on refractory coatings. A variety of refractory coupons were tested for over 100 hr.

Our design for the convective air heater combines aspects of plate and fin with tube type heat
exchangers. By adding fins along the length of the tubes to form “tube sheets” we have designed a



hybrid air heater that minimizes circumferential temperature gradients. We are convinced that the
unique design can be fabricated and offers many potential advantages.

Most of the major HITAF components have been demonstrated. For example, down-fired
slagging furnaces are sold commercially in Europe and the duct heater, which burns methane to raise
the temperature of the air from the HITAF to desired gas turbine conditions, has been operated in a
sub-scale test. The radiant air heater will be tested in a later phase of this program and, if operational
lifetimes are too short for Tey; = 1700°F, the thermal load can be reduced to Ty = 1600°F and still
achieve the goal of 47% thermal efficiency. The combined result of these features is an all-alloy design
of significantly reduced risk and, therefore, a high probability of success. Our approach will allow a
steady path of performance improvements as the high temperature materials technology evolves.



2.0 INTRODUCTION

The need for generating electric power with increased efficiency and decreased emissions is
widely accepted. This is especially true for coal-burning power plants. In fact, according to the DOE’s
National Energy Strategy of 1992, the use of coal for power generation will increase steadily over the
next 50 years and, even for a minimum growth scenario, would double by the year 2030. When this
growing demand for coal is considered along with the fact that by the year 2000, nearly one-half of the
coal-fired power plants in the U. S. will be 30 years old or more, the opportunity for both new systems

and repowering designs becomes evident.

For the short term (approximately 5 years) the low price of natural gas favors the use of gas
turbine combined cycle plants as a reasonable alternative for filling growing demands for electric
power. In the longer term, the limitations on gas pipeline infrastructure and, perhaps, the increased
cost of natural gas will necessitate a return to coal-fired designs. Several options are available in
addition to the normal pulverized coal steam boilers. The use of pressurized fluidized bed combustion
(PFBC) in a combined cycle and the integrated gasification combined cycle (IGCC) have received
considerable attention in recent years. While these approaches appear to be attractive in some
applications, they are limited by difficulties with hot gas cleanup and high capital costs.

All the proposed options for coal-fired power plants have technical risks and uncertainties in
costs, both capital and operating. While direct comparisons of the various alternatives are difficult,
some guidelines are possible. Any design must be capable of using a range of coals, be suitable for large
installations >300 MWe and be economically viable early in the 21st century. A recent study by the
International Energy Agency (IEA) indicates all of the new technology approaches have difficulties in
producing electricity at lower cost than present day systems. Only when the additional requirements of
increased efficiency and reduced emissions are considered, do most of these technologies have
increased appeal. This is especially true for many coal-fired plants which will have to undergo
expensive modifications to meet the provisions of the Clean Air Act as amended. The goal of
improving the thermal efficiency of coal-burning power plants while decreasing their environmental
burden can only be achieved by use of Brayton cycles (gas turbines) rather than Rankine cycles (steam
turbines).

The DOE, recognizing this opportunity, began the High Performance Power Generating System
(HIPPS) program which utilizes coal-fired air heaters to indirectly heat air for gas turbines. The
indirect heating excludes all coal combustion products from contaminating the gas turbine working
fluid, thus avoiding the expense of hot gas cleanup and/or the corrosion of turbine blades by coal ash.
In the HIPPS, however, because the gas turbine working fluid (air) is heated indirectly, the highest air
temperatures that can be reached by coal combustion are limited by heat exchanger materials and will
fall short of the ideal turbine inlet temperatures for highest efficiency. To achieve the desired turbine
inlet temperatures (approximately 2500°F for heavy frame machines and higher for aeroderivative
machines) the program allows for up to 35% use of a premium fuel (e.g., natural gas or no. 2 heating



oil) in a topping cycle. The designs are still required to have a growth path to all coal as improvements
in materials allow for a high temperature, corrosion-resistant heat exchanger. For the near term
(<5 years) it is unlikely that there will be a structural ceramic available that can withstand molten coal
ash at high pressures and temperatures of =2700°F for long times (10,000 hours). Therefore, the

present designs must be based on materials available now or by the year 2000 and accept the temporary
limitations on the air temperatures from coal combustion.

The most critical technical issues for the HIPPS program are all reducible to the HITAF air
heaters requirements. The air heater is the major feature of the HITAF that distinguishes it from
steam boiler designs and results in the higher wall temperatures that necessitate slagging ash and the
wide range of materials problems. Most of the technical issues that arise from pursing the
environmental goals of the HIPPS program (e.g., NOx, SOy, and particulates) are similar to those
encountered by modern steam boiler designs, as highlighted by the LEBS program. Only the goal of
high thermal efficiency, which requires adapting coal combustion to the Brayton cycle is unique to the
HIPPS program. This is the feature that makes the high temperature air heater essential.

During Phase I of the HIPPS program, the UTRC-led Combustion 2000 Team have identified a
number of ways to integrate various designs of air heaters into a HITAF system. From these options,
we have been led inexorably to the following design considerations:

e The high temperatures require a slagging ash and down fired operation is preferable
for wet ash.

e To avoid intolerable fouling problems, the air heater must be separated into a dry ash,
lower temperature convective heater and a slagging, higher temperature radiant heat-
er.

o Managing the high quality heat is crucial. For the 65/35 coal to premium fuel split, all
the premium fuel must be burned in the topping cycle, the use of low quality heat
must be optimized and the heat from coal combustion must be maximized in the

Brayton cycle (our designs have about 50% utilization).

The following report presents the results of the Phase I investigations. The design of the
commercial power plant and preliminary investigations of repowering systems discussed in Section 3.0
are based on the component technology described in Section 4.0. In Section 5.0, recommendations for
Phase 2 effort are put forth, based on the results and conclusions drawn from our Phase I work.



3.0 PRELIMINARY COMMERCIAL GENERATING PLANT DESIGN

During Phase I of this three phase program, the multi-disciplined Combustion 2000 Team led by
the United Technologies Research Center has developed a conceptual commercial HIPPS generating
plant design of nominal 300 MW that meets, or exceeds, the HIPPS goals of high efficiency (>47%
HHYV), reduced emissions (originally 25% of current NSPS, but further reduced to 10% NSPS), and
reduced cost of electricity (< 10% reduction in COE compared to current PC plants). This design is
based on current state-of-the-art technology, or technology which could be commercialized by the year
2000. Sections 3.1 through 3.10 deal with the heavy frame machine-based combined cycle. The
aeroderivative-based systems are covered in later sections.

3.1 Process Overview

The HIPPS conceptual design developed by the Combustion 2000 Team is shown in a simplified
schematic in Figure 3.1-1. The three major elements of the system are the High Temperature Air
Furnace (HITAF), the gas turbine, and the steam turbine. The HITAF supplies 65% of the heat
required by the gas turbines, bringing the compressor discharge air to 1700°F. The air then goes to a
duct burner where natural gas boosts the temperature to that required by the turbine. The turbine
exhaust stream, along with that from the HITAF, furnishes waste heat to a heat recovery steam
generator (HRSG) and steam turbine. The overall efficiency of this system exceeds 47%,
approximately 35% better than typical PC plants. Detailed descriptions of the equipment and of
overall system operation are given in the following sections.

In Figure 3.1-1, it can be seen that the compressor discharge air is sent to a convective air heater
in the HITAF exit stream. From there, it goes to a radiant heater located in the highest temperature
portion of the HITAF, and then to the duct heater where the temperature is raised to the required
combustor exit level. The exhaust from the gas turbine is split; one portion is sent to a “clean” HRSG
while the remainder is used as preheated combustion air for the coal (Illinois No. 6) in the HITAF. The
exhaust from the HITAF issent to a “dirty” HRSG, baghouse, and FGD. To maintain the temperature
required for a selective non-catalytic converter in the HITAF, as well as assure that the temperature
for the convective section does not exceed 1800°F, a portion of the HITAF exhaust is recirculated. The
steam bottoming system is atypical of currently installed combined cycles, with higher operating
conditions of 2400 psi/1000°F/1000°F made possible by the HITAF exhaust temperature level.

3.2 Design Scope and Assumptions

The plant design scope is a non site-specific, greenfield power generation plant and includes all
facilities required for power production. Consistent with the June, 1993 EPRI TAG™, the HIPPS
plant boundaries for design and cost estimates include all the major operating systems such as the
HITAF unit, heat recovery steam generators, gas turbine, environmental control equipment, auxiliary
equipment and all support facilities needed to operate the plant (shops, offices, cafeteria, fuel
handling and storage equipment, water intake structures, and waste treatment facilities). The plant
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Figure 3.1.1  Simplified Process Flow Sheet.

includes the high voltage buss of the generator step-up transformer, but not the switchyard and
transmission lines. The switchyard and lines are generally influenced by transmission system specific
conditions and hence are not included with the cost or design. :

In addition to the unique HITAF equipment, the commercial power plant design includes a
single modern frame-type gas turbine and a Rankine cycle steam bottoming turbine. The nominal
generating capacity of the HIPPS plant is 300 MWe. The plant is planned for a baseloaded duty cycle
with limited load following capability.

Technical and economic criteria for the study use the EPRI TAG™, Volume 1: Rev. 7; June, 1993
as a basis. If criteria different from the TAG’s are used, they are highlighted and explained, and
compared to a TAG criteria.

3.2.1 Site Location and Conditions

For design calculations, the plant location and site conditions are taken from the TAG, and are as
follows:



Site related:

Plant site Central USA! (Kenosha, WI)
Site elevation (above mean sea level) 600 feet

Seismic zone 0 (UBC)?

Water transportation Lake Michigan

Water makeup source Lake Michigan

Electric power source for startup Grid

Fuel storage capacity 60 days at 100%

Unit train coal delivery with rotary dump cars
1 EPRI identified region: E/W Central US
2 Uniform Building Code

Meteorological

Average annual conditions
Dry bulb temperature, — °F 60
Wet bulb temperature — °F 52
Atmospheric pressure — psia 144
Rainfall, inch/year 31

Other meteorological data
Max. dry bulb temperature — °F 95
Max. wet bulb temperature — °F 75
Minimum temperature — °F 20 (performance)
Minimum temperature — °F —20 (freeze protection)

3.2.2 Plant Performance Criteria

The following are the major criteria specified for the design and cost assessments.

Service conditions: The plant is to be designed for baseload operation. However, in recent
years an important market aspect has surfaced in the power generation business: load
profiles increasingly indicate a need for flexible plant operations, and new plant designs
should account for daily output requirement swings. A minimum turndown of 50% is very
desirable; operational flexibility will be examined further in Phase II.

Design life: The nominal design life is 30 years.

Target efficiency: The net efficiency of the reference commercial plant is to be 47% or
higher (maximum heat rate 7260 Btu/kWh, HHV) at ISO conditions.

Design basis fuel: The plant burns Illinois No. 6 bituminous coal as the primary fuel. Coal is
burned to supply 65% or more of the total heat input to the HIPPS. Properties of the design
coal are listed in Table 3.2-1. Natural gas will serve as auxiliary and warmup fuel. Natural
gas may provide up to 35 % of the energy requirements at the HIPPS design point.
Composition and properties of natural gas are listed in Table 3.2-2.
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TABLE 3.2-1 COAL PROPERTIES
(Illinois Bituminous 1993 EPRI TAG)

Proximate Analysis
Average
Higher heating value (Btu/lb) 10,982
Sulfur % wt 3.28
SO,/MMBtu 5.98
Grindability index (Hardgrove) 51
(% wt)
Moisture 12.25
Ash 10.97
Fixed carbon 4148
Volatileé matter 35.30
100.00
Ultimate analysis (% wt)
Moisture 12.25
Carbon 61.00
Hydrogen 425
Nitrogen 1.25
Chlorine 0.07
Sulfur 3.28
Ash 10.97
Oxygen 6.93
100.00
Ash analysis (% wt)
SiO, 50.66
AlLOj 19.00
TiO, 0.83
F8203 20.30
Ca0 2.24
MgO 0.89
Na,O 0.67
K;O 2.54
P,03 0.17
SO3 1.90
Undetermined 0.58
TOTAL 100.00
Ash fusion temperature (°F) Reducing Oxidizing
Initial deformation ;3;8 %3238
Softening (H=
8(H=Q) 2150 2450

Fluid
(Ash fusion data from 1989 TAG)
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TABLE 3.2-2 GAS PROPERTIES

Ultimate analysis (% wt)
C 73.25
H 24.26
N 1.87
0] 0.62
Composition (mole %)
CHy 96.67
CoHg 1.80
C3Hg 0.11
CO, 0.32
H,S 0.0004
N2 balance
Average molecular weight 16.55
Higher heating value
(dry gas at 60°F, 30 inches Hg)
Btu/scf 1,013
Btu/lb 23,171

Environmental criteria: The original Phase I goal for environmental impacts of the HIPPS
plant was 25% of New Sources Performance Standards (NSPS). However, at the suggestion
of DoE, more restrictive limits, 10% of NSPS, were used in the commercial plant design.
Atmospheric emission limits for Phase II are:

SO, 0.06 Ib/MMBtu
NO, 0.06 Ib/MMBtu
Particulates 0.003 Ib/MMBtu

Liquid discharges are treated to meet NSPS requirements. Solid wastes (ash and FGD sludges)
are stabilized and shipped for off site disposal.

3.2.3 Code of Accounts

Table 3.2-3 presents the code of accounts, or identification system employed with the HIPPS
plant. The account numbers are used on the block flow diagram and cost estimate to ensure
consistency and understanding of the plant’s technical and cost estimating scope. The code is
consistent with other parts of the DOE HIPPS program.

12



TABLE 3.2-3 CODE OF ACCOUNTS

Account No. Code of Account Items Account No. Code of Accounts Item
Power Generation Balance of Plant
1.0 Solids Feeding and Removal 10.0 Solid Materials Handling
1.1 Coal Preparation and Feeding 10.1 Coal Receiving, Storage, and Handling
1.2 Limestone (FGD) Preparation and Feeding 10.2 Limestone Receiving, Storage, and
Handling

2.0 Steam Generation Island

2.1 High Temperature Air Furnace 10.3 Ash Handling and Disposal

2.2 Blank 11.0 Water Systems
2.3 Heat Recovery Steam Generation 11.1 Cooling Water and Heat Reduction
2.4 Stack and Low Temperature Ducting 11.2 Raw Water Supply and Treatment
2.5 Induced Draft Fan 11.3 Process and Plant Effluent Treatment
3.0 High Temperature Heat Exchangers 12.0 Support Services
3.1 Radiant Air Heaters 12.1 Service and Instrument Air
3.2 Convective Air Heater - 12.2 Natural Gas Supply
: . : 12.3 Electrical Distribution
. P
4.0 High Temperature Piping and Ducting 12.4 Instrumentation and Controls
5.0 Process Systems 12.5 Interconnecting Piping
5.1 In-duct Gas Fired Heater 12.6 Fire Protection
6.0 Gas Turbine Generator 12.7 General Service
7.0 Steam Turbine and Boiler Feed Water 13.0 Civil Structure

13.1 Site Preparation and Facilities

. issi 1
8.0 Emission Control Systems 13.2 Buildings and Structures

8.1 Particulate Control

8.2 Flue Gas Desulfurization Control

8.3 Selective Non Catalystic Reduction (SNRC)
NO,, Control

3.2.4 Design Philosophy

The HIPPS commercial plant design is based on the EPRI TAG design philosophy, including
equipment sparring: expensive spare and redundant equipment to maintain high availability are not
used. A target availability of 90%, exclusive of planned maintenance, is retained by using proven
commercial equipment in all balance of plant process areas and designing for simplicity, as much as
possible, the processes interconnected to the advanced HITAF. Two lines of HITAF operation in the
300 MW plant will also increase availability. Major equipment where spares are installed are noted in
the equipment lists. These instances reflect the philosophy of commercial power plant design and
construction.

3.3 Plant Design/Description

In this section, the engineering and design work conducted in Phase I is reported. All the
significant technical and cost issues are addressed for the heavy-frame combined cycle system. The
performance for the aeroderivative-based systems is given in a later section.

3.3.1 Block Flow Diagram

Figure 3.3-1 is the Block Flow Diagram (BFD) developed for the preliminary HIPPS
commercial power plant. The identification numbers assigned to various boxes, or sets of boxes,
correspond to the code of accounts.

13
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3.3.2 Plot Plan

Figure 3.3-2 shows the conceptual plot plan for the power plant. The facilities were designed and
sized based on experience with similar pulverized coal-fired plants. The solid materials handling
equipment and areas are designed for 60 days storage and an annual consumption of 350,000 tons.
Conveyors, bins, storage piles and other items are sized for operations to efficiently receive and store
materials, and to feed the HITAF units. Figures 3.3-3 and 3.3-4 show the plan and elevation views of
the HITAF and associated major power island equipment.

The major components shown on the BFD and the plot plan are briefly described below. Except
for the HITAF, and the way it is incorporated into the power plant, all the power generation and
auxiliary equipment and processes are commercially available and used by the power industry.

The estimated land requirement is 49 acres inside the fence line. Solid waste disposal is offsite.
The land requirement will vary over a wide range depending on the site and disposal method. Capital
and operating costs for solids disposal are excluded from the plant estimate.

3.3.3 Power Generation Facilities Description
Solids Feeding and Removal — Code of Accounts Item 1.0

The coal preparation and feeding system is similar to those used in pulverized coal-fired power
plants. Reclaimed coal from storage is pulverized and dried prior to use as fuel in the combustor. Two
operating trains of equipment with 50% (35 tph) capacity each, and two installed spare trains are used.
Each grinding and drying train supplies coal to one of the two combustor units.

Coal Warming/Drying Process Description — As an efficiency improvement step, coal at 60°F
from the day bin is fed to a countercurrent rotary warmer/dryer where the coal is heated to 120°F and
its moisture level reduced from 12.25 to 10.3 %. Warmed coal is sent to surge bins directly ahead of the
coal pulverizers. Heat for the warming process is taken from the HITAF flue gas, which enters the
process at 258°F and leaves at 170°E

Coal Preparation and Feeding Process Description — Coal from the surge bins is weighed and
fed to pulverizer mills where it is ground and dried. The pulverization and drying is performed by
commercial gas swept mills commonly used in the pulverized coal-fired power generation industry.
Each HITAF has two parallel trains with 100% pulverizing capacity per train. The ground coal is
internally classified and pneumatically transported to the combustor. The transport fluid is ambient
air, preheated to 457°F. The transport fluid is labeled Primary Air on the block diagram. The primary
air and entrained coal leave the pulverizer at 179°F.

Transport Air Heating — The primary air is preheated to 457°F in a heat exchanger using 477°F,
550 psia steam generated in HRSG No. 2A.

Limestone Preparation and Feeding Process Description — Limestone is required for the flue
gas desulfurization system. The process is commercially used at many power plants. Slurry
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preparation begins with limestone grinding in wet ball mills. The as-received 3/4 inch limestone is
ground to 90% passing 200 mesh. The resulting 60% solids by weight ball mill slurry is diluted to 20%
by weight and pumped to the limestone slurry tank for use in the absorbers. Grinding is performed in a
single mill and the plant includes an installed spare mill.

Steam Generation Island — Code of Accounts Item 2.0

High Temperature Air Furnace — The HITAF represents the major unproven technology in the
commercial plant design. Two HITAF units (Figure 3.3-5) of approximately 685 million Btu/hr each
are used; the gas turbine engine located between them. The octagonal-shaped combustor units are
down fired with the coal injectors located around the top. A short, refractory-lined adiabatic section
allows flame stabilization prior to the radiant section. Temperatures are high enough to keep slag
running down the refractory walls of the radiant exchanger to a wet bottom collector. Finely pulverized
coal and reburn air are introduced in the radiant section.

HITAF Inlet HITAF Exhaust
Turbine l Coal
Exhaust
Air \ /
«— Air In from Compressor
| I | 5456555 .
Air inlet ] ' Air «— Convective
1 y Out [ Heater
Radiant ; \
Heater ! !
Coal Reburning/ : \
Burnout Air Injectors X ;
: : 0000p0000 SNCR Agent
! ! Injection
Air Out [ 1
to Turbine {-ﬂ{
1 ]
Burnout Air ! !
injectors : t o !
1 e i
Slag Screen
g Scre I\ Waterfalls
Dilution
Zone
Flyash
ﬁ ) I / Hopper

Figure 3.3-5 HITAF Cross Section.

The flow is turned 90° and passes through water-cooled slag screens and a waterwall section to
freeze slag and reduce particulate carryover. A portion of the HITAF exhaust is recirculated to further
reduce temperature and again turned 90° upwards before entering the SNCR and the convective heat
exchanger. The exhaust exits the HITAF into a “dirty” heat recovery steam generator.
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Considerable effort has been directed at identifying the refractory and heat exchanger materials.
Currently, a castable alumina refractory is favored while a castable nickle-based alloy possibly lined
with a newly developed FeCrAl alloy is proposed for the radiant exchanger. While use of an alloy limits
the outlet temperature of the air heater to about 1900°F, the fabricability and joining capability of the
alloy lowers the risk of HITAF development. The addition of ABB/Combustion Engineering to the
Combustion 2000 Team has allowed considerable insight into fabrication and construction of the

HITAF and will, by the end of Phase I, result in the lowest risk design.

Heat Recovery Steam Generators Process Description — Two HRSG’s are used in the system to
generate steam for electricity production. The “clean” HRSG (No. 1) operates with the gas turbine
exhaust flow, and the two “dirty” HRSG’s (Nos. 2A and 2B) use the HITAF flue gas as the source of
thermal energy. Steam conditions are 1000°F and 2400 psia, with reheat to 1000°F and 480 psia. The
HRSG’s supply a single steam turbine and share a common feedwater and condensate system. Further
details are provided in the equipment list. Also included in item 2.0 are the flue gas release stacks,
induced draft fans and low temperature ducting.

High Temperature Heat Exchangers — Code of Accounts Item 3.0

At the preliminary commercial plant level of conceptual design, these heat exchangers are
included with the total HITAF cost estimate. Heat transfer from the hot coal combustion products to
the gas turbine air will be done in two successive components consisting of a convective air heater and a
radiant air heater. The respective names of the two heaters denotes the principal mode of heat transfer
from the coal combustion products to each heater. Forced convection is the primary mode of heat
transfer to the gas turbine air from both heaters. To maximize the driving force for heat transfer
between the air and the coal combustion streams, the overall arrangement of the two gas streams will
be counterflow. Separate radiant and convective air heaters have been chosen to deal effectively with
the predominant types of coal products present in the different temperature regimes of coal
combustion.

While the radiant air heater will operate at a sufficiently high temperature level to ensure
gravity-driven flow of slag from heater surfaces, the convective air heater will operate at a lower
temperature regime which will ensure that dry ash deposits on heater surfaces can be removed by
conventional soot blowing. A slag screen will be located between the radiant and convective air heaters
to accurately establish the interface between wet slag and dry ash and to remove most of the ash from
the hot gas stream before it can enter the convective air heater. To prevent excessive sintering of ash
deposits on convective air heater surfaces and to provide a suitable temperature zone for selective
non-catalytic reduction of NOy, the coal combustion gas will be tempered by introducing flue gas
recirculation upstream of the convective air heater. The arrangement of the air heaters and the slag
screen and design configurations for the two air heaters are shown schematically in Figures 4.2-1 to
4.2-3 along with expected operating temperature levels. The rationale for this arrangement, the
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unique features of the air heaters, and their operating conditions are discussed in detail in Section 4.2
HITAF Air Heaters.

The radiant air heater consists basically of many long hollow structural panels which almost
completely line the inside walls of the coal combustion furnace. The gas turbine air is distributed to
many small passages within these panels by an arrangement of headers, manifolds, and ducts which
will be staged to avoid excessive thermal stresses. A ceramic refractory coating or tiles is applied to the
fire side of the hollow panels to prevent slag-induced corrosion of the panels. Support for the entire
radiant air heater is provided by a massive structural shelf at the bottom of the furnace, probably
consisting of furnace brick masonry. For air outlet temperatures of 1700°F or less, when supplemental
heating of the gas turbine air is available by direct combustion of natural gas or fuel oil, nickel-based
metal alloys developed for the gas turbine industry will be suitable for construction of the radiant air
heater panels. Additional protection from slag-induced corrosion and oxidation will be provided to
these nickel-based metal alloys by depositing a thin layer of alumina/chromia on both inner and
exterior surfaces. However, if higher air outlet temperatures are required to reduce the use of
supplemental heating, structural ceramic materials will be needed for construction of the radiant air
heater

The heat exchanger configuration chosen for the convective air heater is a modification of the
shell and tube type where the air flows through banks of tubes and the hot combustion gas flows over
and perpendicular to the tubes. This modification of the shell and tube configuration, called the
finned-tube-sheet configuration, consists of a sheet or fin extension between adjacent tubes in rows
along the direction of the hot gas flow. The finned-tube-sheet configuration was created to enhance
the hot gas side conductance relative to the high pressure air side, provide additional structural
rigidity, reduce circumferential thermal stresses in the tubes, and provide an aerodynamic shape
which will reduce ash deposition on heater surfaces. A two-pass, cross-counter flow arrangement, with
two air passes and one hot gas pass, provides the desired effectiveness without excessive pressure
drops and with reasonable heat exchanger dimensions.

Since maximum wall material temperatures for the convective air heater are not expected to
exceed 1600°F, nickel-based alloys with suitable alumina/chromia coatings for preventing corrosion
and oxidation have been selected for construction of this heat exchanger.

High Temperature Piping and Ducting — Code of Accounts Item 4.0

This item includes the piping, valves, ducting and insulation for systems connecting the HITAF to
the gas turbine and other equipment. Costs were estimated by an allowance after inspecting the
conceptual plant plot plan and equipment arrangements. Material quantity take-offs will be
performed after further engineering.
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Process Systems — Code of Accounts Item 5.0

Item 5 includes the in-duct burner used to supplement the coal-fired HITAF thermal input to the
gas turbine. Fuel for the burner constitutes about 35% of the total energy input for the plant. The
preheated air is heated from 1700°F to 2450°F prior to entering the gas turbine.

Gas Turbine Generator — Code of Accounts Item 6.0

The frame-type gas turbine selected for the combined cycle system is based on a commercially
available design. A cut out projection of this engine is shown in Fig. 3.3-6; an out board combustor
configuration has been retained for this application to ease integration with the HITAF. Selected
performance parameters are given in Table 3.3.1.

Figure 3.3-6  Heavy Frame Gas Turbine.

Table 3.3-1 Selected Gas Turbine Characteristics

Inlet Flow — Ib/sec 918
Rotor Speed — rpm 3600
Pressure Ratio 16
Rotor Inlet Temperature — °F >2350
Exhaust Temperature — °F 1005
Power — MW (nominal) 150
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The duct burners which bring the hot turbine supply air to the desired turbine inlet temperature
are located at the piping/engine interface and are arranged around the engine much like current
can-annular combustor practice. The specially designed rapid mixing in these burners minimizes NO,
formation from gas combustion as well as providihg minimum size for ease of installation.

Steam Turbine and Boiler Feed Water — Code of Accounts Item 7.0

Steam and Condensate — Process Description — Two heat recovery steam generator sections
are thermaily integrated to generate 2400 psia/1000°F superheat and 480 psia/1000°F reheat steam.
The steam is used in a multiple pressure turbine to generate electric power. Steam from the low
pressure turbine exhausts at 1.8 inches Hg absolute and is condensed by a shell and tube deaerating

surface condenser. The cooling water flow is 97,860 gpm. The condenser thermal duty is 739 million
Btu/hr. Boiler feedwater makeup (15,800 1b/hr) is added to the condenser. From the condensate pump
discharge the feedwater flows through HRSG No. 1 low pressure heaters, and then is pumped to boiler
pressure and fed to the economizer. Most of the high pressure evaporation occurs in the HITAF slag
screen and water wall sections. A small additional amount of steam is generated in HRSG No. 1. Most
of the steam superheating occurs in HRSG’s Nos. 2A and 2B. Figure 3.3-7 shows the temperature
versus cumulative heat transfer profiles for the three HRSG’s used in the process.
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Figure 3.3-7 Temperature Profiles for HRSG’s.

Boiler Feedwater Treatment: The raw water analysis data indicates that a boiler feedwater
pretreatment system will be required to meet the following impurity limits:

Total Hardness as CaCOs <10 ppbw
Iron as Fe <10 ppbw
Silica as SiO, <20 ppbw
Total Dissolved Solids <100 ppbw
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The boiler feedwater treatment system will be required to provide about 7700 Ib/hr of
demineralized makeup water for the high pressure steam cycle. The wastewater generated from the
demineralizer system consists of backwashes and rinses and caustic wastes. These streams must be
neutralized prior to reuse or discharge.

Emission Control Systems — Code of Accounts Item 8.0

The systems selected for the commercial plant design, and alternative technologies which were
examined during Phase I, are briefly discussed below. Additionally, the team is aware of parallel DOE
and industry programs, such as the low emissions boiler system (LEBS). These programs’ progress
and data will be reviewed in Phase II to determine if equipment or processes can be used with the
HIPPS commercial design or the demonstration plant.

- Particulate Control Process Description — The HITAF design uses a baghouse located between
the HRSG and the FGD systems for particulates control. This scheme provides adequate particulate
emissions control, and is probably best available control technology (BACT). However, there are
alternatives to the baghouse which might be more attractive in meeting the more restrictive emission
goals. The technical capabilities of these alternatives will be more fully examined in Phase II with
other systems that arise from LEBS or other development programs.

In summary, the commercial HIPPS design uses a baghouse and likely qualifies as a BACT. For
Phase II engineering, the potential for cost reductions will be examined for particulates control
integrated with SO, control. This alternative uses a moderate efficiency ESP followed by a CT-121
FGD system. Hot gas cleanup has both a higher cost and risk and does not seem justified at this time.
However, if warranted, a catalytic hot baghouse for particulates and NOy control may be considered in
Phase II.

Flue Gas Desulfurization Process Description — The limestone forced oxidation process with a
limestone-water slurry and throw-away product system is used for the conceptual design. The process
selection is based on engineering experience and the estimated process economics, auxiliary power
requirements (pressure drop) and potential for sulfur reduction. The throw-away product assumes
there is not a market for gypsum, and if that assumption were to change, the process design selection
may be reviewed.

The FGD design has two absorber towers to serve the two combustion trains. Each tower is sized
at the maximum load, 105% of design gas flow. For the design coal higher heating value, SO; removal
0f 99 % would be needed to match an emissions requirement of 0.06 Ib/MMBtu of coal fired. However,
combining the coal and natural gas fuels, an SO, removal of 98.5% is sufficient to meet the 0.06
1b/MMBtu emission limit. The scrubbed flue gas from the two absorbers is sent to a 350 foot tall stack
and released to the atmosphere. Exhaust gas from the gas turbine heat recovery steam generator is
sent to the same stack where it mixes with the flue gas and provides some reheat energy. The estimated
temperature of the mixed stack gas is 157°F at the stack exit. In summary, for near term application,
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the wet limestone FGD is the most cost effective and reliable system for SO; control. Although a
generic system is used in the present design, other proprietary systems, including CT-121, Saarberg
Holter and Pure Air, will be examined in during our Phase 2 effort. As emission control performance
of the processes is about the same, a selection will depend on the competitive bidding and guarantee
conditions.

NO, Control Process Description — The HITAF design includes low NOy burners in the coal

combustor and both selective noncatalytic reduction (SNCR) downstream of the radiant heating
section where the temperatures range from 1600 to 1900°F, and selective catalytic reduction (SCR) in
a lower temperature zone of the HRSG. By using the SCNR as the primary NOy control, the SCR can
be relatively small and more cost effective. These controls are designed to reduce the NOy to 0.06
1b/MMBTU of total energy input to the plant (coal and natural gas).

The SCR process injects ammonia into the flue gas and passes the gas mixture through a catalytic
bed with temperatures from 650 to 850°F. The ammonia reduces the NOy to N; and H,O. As reported
in the literature, commercial SCR technology in combination with low NO, burners and overfire air
systems can achieve 0.1 1b of NOy/MM Btu. The HITAF combination of SCNR and SCR is estimated
to limit NOy to the 0.06 1b/MMBtu desired for post-2000 regulations.

The NOXSO process will be examined as a possible combined SO, and NOy system in Phase II,
as will other processes from the LEBS and other research programs.

3.3.4 Balance of Plant Facilities Description Solid Materials Handling — Code of Accounts Item 10.0

Coal Receiving, Storage and Handling Process Description — The major items in the design of
this system include the following:

e Railcar receiving and unloading

e Active coal storage in concrete silos (25,000 tons — 16 day supply)

e Inactive (dead coal) and emergency storage in open, ground storage piles (60 day supply)

e Conveyors and other material handling equipment required to transport coal safely and

with minimum environmental impacts

The major equipment list in the appendix at the end of Section 3 provides specifics about the
equipment at a level of detail sufficient for conceptual cost estimating.

Limestone Receiving, Storage and Handling Process Description — Three-quarter inch
limestone is received by truck or rail, and delivered by movable conveyors and mobile equipment to

two 5000 ton silos. The combined capacity is equivalent to 60 days of limestone reserves. Limestone is
reclaimed from the silos and sent to a 200 ton day-bin prior to slurry preparation.

Water Systems — Code of Accounts Item 11.0

Heat Rejection — Process Description — Cooling water for the steam condenser is cooled from
80°F to 63°F with a forced draft wet cooling tower. A wet bulb temperature of 52°F is used to design
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the cooling tower. The cooling water makeup rate is about 1520 gpm. The makeup accounts for
evaporation losses of 1215 gpm, blowdown of 206 gpm (after 5 cycles) and a drift loss of 98 gpm.

Raw Water Supply and Treatment — Process Description — The plant’s raw water will require
treatments for sedimentation, clarification, filtration, carbon adsorption, chlorination and softening
to provide potable and process quality water.

Process and Plant Effluent Treatment Process Description — Environmental issues, including
waste water treatment, will significantly impact plant cost and schedule. A state mandated National
Pollutant Discharge Elimination System (NPDES) permit for air and water is required before a
construction license can be issued.

The major sources of wastewater streams for power plants can be identified as:

e Coal and limestone preparation systems

e Pretreatment and demineralizer washes

e Cooling tower and HRSG blowdowns

e Rainfall runoff from coal piles and FGD/ash disposal areas

e Equipment washes

e Sanitary waste treatment effluent

e FGD wastewater stream

The conventional discharge parameters are based on EPA guidelines for power plants, and
include pH, oil and grease, suspended solids, residual chlorine, iron and copper. Other parameters
restricted by state NPDES permits (depending on the receiving stream classification) may include

dissolved oxygen, phosphorous, temperature, other trace metals (such as zinc, nickel, etc.), and
dissolved solids.

Conventional waste treatment often involves combining wastewater streams according to
treatment categories and treating those streams prior to discharge. As a minimum, the following are
considered conceptual design requirements for treating the waste streams prior to discharge:

e Oil/water separator for removing traces of oil and grease from the floor drains and runoff

streams

e Neutralization of the waste streams to adjust the pH, generally between 6.5 and 8.5

e Settling and clarification to remove solids

The single largest category of wastewater from the plant is blowdown from the wet cooling tower.

This stream must be treated to meet phosphorous and TDS limits, temperature, residual chlorine,
copper, iron, other metals and pH requirements.

FGD Wastewater — During combustion, chloride in coal is converted to hydrogen chloride
which, being highly soluble, is captured by the FGD scrubber. The reactivity of limestone is reduced by
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high chloride concentrations, and blowdowns of the system are necessary to remove and dilute the
scrubber chloride concentration, and to limit the chlorides to a predetermined concentration. A bleed
stream is withdrawn from the oxidation tank and dewatered toyield a filter cake (usually about 20% by
weight residual moisture) and chloride-rich water. To limit the chloride concentration in the scrubber
loop (10 to 15 g/l is tolerated), some of the separated water is purged and the rest is returned to the
scrubber or as limestone slurry makeup water. The purged water stream is treated to meet NPDES
limits.

Sanitary Wastewater — This effluent is collected at a central wetwell and routed to the treatment
plant. Sanitary wastewater is treated by an extended aeration process. The effluent from the second
stage flows into a clarifier zone where biological solids settle out and are recycled. Clarified effluent
may be used as a cooling tower makeup water, or can be miked with other waste streams for further
treatment to meet NPDES limits before discharge.

Rainfall runoff and drains from plant equipment washes are combined and treated for the
removal of oil, grease, and suspended solids prior to discharge. The rainfall runoff from the temporary
FGD/ash storage and disposal areas must be monitored for pollutants.

Support Systems — Code of Accounts Item 12.0
The systems required for supporting power generation operations include the following.

e Service and Instrument Air

e Natural Gas Supply

e Electrical Distribution

e Instrumentation and Controls

¢ Interconnecting Piping

e Fire Protection

e General Services

They are defined for inclusion in the cost estimate. Each support system is available

commercially, only requiring engineering specification prior to procurement. Costs are estimated
from experience with similar PC power plants.

Civil Structural — Code of Accounts Item 13.0

This item includes the site preparation and facilities, buildings and structures. For cost
estimating, the plant’s civil materials (concrete, steel, architectural and others) and their installation
are accounted for in this item. Costs are estimated based on experience.

3.3.5 Process Flow Diagram, Material and Energy Balance

Figure 3.3-8 shows the process flow diagram (PFD) with numbered state points on the process
flow lines. The material and energy balance is also shown. The stream numbers at the top of the table
are the PFD state points. Table 3.3-2 is the estimate of auxiliary power requirements.
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Al stream entheipies refersnce fiduciary stste of 77°F, H20{L)

GAS STREAMS
Stream Number 1 2 3 4 s 6 7 (
Arto GT  Cooling Airto ArtoRad Alrto GT Natural Air 10 ¢
Description Compressor Air Preheat Heater  Combustor Gxs Expander Exh
Temperature, F 60 731 731 1300 1700 611 2485 10
Pressure, psia 14.4 235 235 232 229 275 225 1®
Lbls  CH4 6.00 0.0 0.00 0.00 0.00 8.32 0.00 0.
C2H6 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.
CaHg 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.
02 211.08  44.05 167.02 167.02  167.02 0.00 132.66 171
N2 686.95 143.38 543.57 543.57 543.57 0.17 543.74 68
Ar 11.93 2.49 9.44 9.44 9.44 0.00 9.44 1
co 0.41 0.08 0.33 0.33 0.33 0.08 24.15 24
H20 7.64 1.59 6.04 6.04 6.04 0.00 - 25.29 2F,
so2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 A
NO2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.
[Tota) /s 918.00 191.60 72640 72640  726.40 8.88 735.28 92
{Heat*, Btw's -
Sensible -3,765 31,188 118,242 227,718 308,430 8,028 496,540 221
Latent 8,026 1,675 6,351 6,351 6,351 0 26,580 28
HHV 0 0 0 0 0 205,655 0
[Total Bhv's 4,261 32,883 124,593 234,068 914,781 208,684 523,120 24{
GAS STREAMS 'SOLIDS AND WATER STREN
Straam Number 25 27 29 30 a1 |stream pumber '
Oxdation Oxdsion Cleansd HRSGH FueGes
Description Ar  TenkVent G Exhast o Stack | [Description ¢
[Temperature, F 208 130 129.8 180 157.4 Tempersturs, F t
Pressure, peia 204 144 145 14.8 14.4 Prassurs, peia |
Lbis CH4 0.00 0.00 0.00 0.00 0.00 s C© 2
C2H6 0.00 0.00 0.00 0.00 0.00 H 1
C3H8 0.00 0.00 0.00 0.00 0.00 N ¢
02 1.36 0.86 12.81 109.50 122,31 S 1
N2 443 443 800.95 425.74 726.69 ] H
Ar 0.08 0.08 522 7.39 12.61 Ash b3
co2 0.00 0.00 87.66 15.02  102.68 HO .
HO 0.05 0.05 44.13 16.68 60.79 CaC03 t
SR 0.000 0.000 0.034 0.000 0.034 Gypsum ¢
NO2 0.000 0.000 0.035 0.000 0.035
Total /s 5.92 542 450.84 574.30 1,025.14) |Total #vs ]
Heat", Biw/s Heat", Btu's
Sensibie 185 70 6.121 14,589 20,715 Sensile <
Latent 52 52 46,384 17,507 63,801 Latent
HHY 0 0 11 0 1 HHV 3t
Totat Blu/s 237 122 52.516 32,096 84,617 Total Blw/'s 3f.

Figure 3.3-8 (Cont’d.) I



A JOR STREAM FLOWS AND PROPERTIES

9 10 11 12 14 15 16 17 20 21 22
GT Exhaust GT Exhaust GT Exhaust  Primary Exhtrom HASG#2 Dust-Free FueGas FusGes FueGas FusGes
OHASG ToRebum ToHITAF Alr Coavect Hir  Exit Gas Flue Gas Recyde  to Vamer frm Warmer 0 FGD
1005 1005 1005 138 1189 256.8 249 258 258 170 249
15.6 15.6 15.6 22 15.0 14.8 14.5 15.2 15.2 14.8 14.8
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
: 108.50 12.55 54.68 12.03 19.80 19.80 21.74 6.94 1.94 1.94 12.87
425.74 48.78 212.59 39.14 462.52 462.56 507.66 161.61 45.10 45.10 300.95
7.39 0.85 3.69 0.68 8.02 8.02 8.80 2.80 0.78 0.78 5.22
15.02 1.72 7.50 0.02 132.37 -132.37 145.27 48.24 12.91 12.91 86.12
16.66 1.91 8.32 0.44 42.47 42.51 47.39 15.07 4.21 4.87 28.11
0.000 0.000 0.000 0.000 3.490 3.490 3.831 1.220 0.340 0.340 2.271
0.000 0.000 0.000 0.000 0.105 0.053 0.058 0.019 0.005 0.005 0.035
] 5§74.30 65.80 286.78 52.30 668.78 668.81 734.75 233.90 65.28 65.94 435.57
5 137,240 15,724 68,531 772 200,527 30,205 31,847 10,675 2,979 1,548 18,880
5 17,507 2,006 8,742 457 44,642 44,642 49,806 15,842 4,421 5,121 29,543
0 0 o [} 33 0o 18 6 2 2 11
0 154,747 17,730 77,273 1,229 245,202 74,937 81,671 26,523 7,402 6,671 48,434
18 19 23 .24 26 28 32 33 34 35 36
Secondary  Solid el D Thickener HP Turbine LP Turbine  Doller  Sat. Sisem Condensatel
Cosl Waste Socbent Water Wasts Evapomtion injet Sieam inist Sieem Fead Waler from HITAF o HRSGs
(With 1400 60 58 130.7 a0 1000 1000 874 674 114
Strsam 13)  15.1 14.4 14.4 14.4 14.4 2400 480 2700 2800 40
| 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 92.00 0.00 0.00
l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00
, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
] 0.00 0.70 . 0.15 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
| 0.00 0.00 0.08 172.75 0.32 0.23 218.38 21545 228.48 200.74 228.48
) 0.00 0.00 3.67 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.00
) 0.00 0.00 0.00 0.00 6.01 0.00 0.00 0.00 0.00 0.00 0.00
5 0.00 0.84 3.80 17.75 6.66 0.23 218.38 21545 228.48 200.74 228.48
] 0 3,358 -15 -340 106 [}
0 [} 0 0 4] 239
54 0 2,248 -2,813 1] -7.558 0
53 0 5,607 -2,827 -340 -7,452 240 309,211 317,081 159,825 208,168 8,454 |

tailed Process Flow Sheet.




Table 3.3-2 Estimated Auxiliary Power Requirements

Item Operating kWe

Coal handling and preparation i 3,350
Limestone preparation and FGD A 3,250
Large fans, blowers, plant and instrument air 2,300
Steam and condensate 2,450
Heat rejection (cooling tower) and water systems 4,450
Plant lighting, miscellaneous and transformer losses 1,000

SUBTOTAL 16,800
Gas turbine utilities __800

TOTAL 17,600

3.3.6 One Line Electrical Drawing

Figure 3.3.-9 presents the conceptual one line electrical drawing for the commercial HIPPS
power plant.

3.4 Projected Performance

Table 3.4-1 shows the design point performance projections for the HIPPS power generation
plant. For reference, similar projections are shown for a commercial pulverized coal-fired power plant
with FGD and SCR. The PC plant is more fully discussed in Section 1.10, where the HIPPS is
compared to a combination of stand-alone PC and gas turbine combined cycle power plants.

Table 3.4—1 HIPPS Generation and Emissions Performance

300 MW 300 MW
Energy Inputs (MMBtw/hr) HIPPS PC Plant
Natural Gas 740.4 None
Coal 1,370.0 2,960
Total 2,1104 2,960
Generation Performance (MWe)

Gas Turbine 161.0 None
Steam Turbine 150.0 324
Total Gross Power 311.0 324
In-house Power Consumption 17.6 24
Net Power Production 203 .4 300
Plant Efficiency, HHV Input/Output % 474 34.6%
Heat Rate (HHV) Btw/kWh 7,195 9,870

Environmental Emissions (Ib/MWh)
SO, 042 2.95
NO 043 1.18
COq 1,260 2,040
Particulates 0.02 1.00
Solid Wastes 130 261
Liquid Effluents (Boiler blowdown) 25 60
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3.4.1 Part Load Performance

The part load performance is given in Table 3.4-2.

Table 3.4-2 Part Load Performance (Nominal 50% Point)

Gas Turbine Output, MW 64.1
Steam Turbine Output, MW 955

Total 159.6
Aux. Load, MW _10.6

Net 149.0
Coal Flow, Btu/sec 282,944
Methane flow, Btu/sec 54,617
Efﬁciericy at 50% Load 41.8%

3.5 Emissions

The emissions for the commercial plat are listed in Table 3.4-1 and conform to the program goals
as shown in Table 3.5-1.

Table 3.5-1 DOE Emissions Goals

Phase I Phase Il NSPS
Pollutant Emissions
NOy (Ibs NO2/MBTU fuel) 0.15 0.06 0.6
SOy (lbs SO,/MBTU fuel) 0.15 0.06 0.6
Particulates (Ibs/MBTU fuel) 0.0075 0.003 0.03

Liquid effluents and solid wastes are treated as needed prior to release or disposal so they meet
current environmental requirements.

3.6 Operating and Maintenance Characteristics

3.6.1 Startup and Shutdown

The HIPPS is a combination of a gas turbine with low thermal inertia (fast response) and a
HITAF with a high thermal inertia (slow response). While the close integration of these components
will be a challenge to the control system, the system also provides the customer with the capability to
operate at part power (gas turbine) while the remainder of the system comes on-line.

Startup and shutdown capabilities for the turbine are shown in Fig. 3.6-1. While the times shown
are for emergency situations, it is clear that the turbine can respond in seconds and minutes. The
HITAF, with its large inventory of refractory, must come up to temperature slowly, on the order of
50°F per hour, so startup from cold will be measured in hours and days.
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Figure 3.6-1  Startup/Shutdown for Gas Turbine.

At this point in the design study, the following general procedure is anticipated for startup. Gasis
supplied to the turbine duct burners and the turbine is brought up to full power, providing the customer
with 160 MW within 