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Tampa Electric Company (TEC) is in the construction phase Tor the new roix
Power Station, Unit #1. This will be the first unit at a new site and will use
.Integrated Gasification Combined Cycle (IGCC) technology for power
generation. The unit will utilize oxygen-blown entrained-flow coal gasification,
along with combined cycle technology, to provide nominal net 260MW of
generation. As part of the environmental features of this process, the sulfur
species in the coal will be recovered as a commercial grade sulfuric acid by-

product.

OBJECTIVE

This project is partially funded by the U. S. Department of Energy (DOE) under
the Clean Coal Technology Program. Demonstration of this IGCC technology,
along with a new hot gas cleanup system, is expected to show significant
reduction of SO, and NO, emissions when compared to existing and future
conventional coal-fired power plants.

This unit will also be an integral part of TEC’s generation expansion plan.
Using IGCC technology will meet TEC’s objective of providing low cost electric
power through the use of coal-based generation.

PROJECT PARTICIPANTS

Tampa Electric Company

Tampa Electric Company (TEC) is an investor-owned electric utility,
headquartered in Tampa, Florida. It is the principal, wholly owned subsidiary
of TECO Energy, Inc., an energy related holding company heavily involved in
coal mining, transportation, and utilization for power generation. TEC has
about 3300MW of generating capacity. Approximately 97 % of the generation
is from the coal-fired units. TEC serves about 485,000 Customers in an area
of about 2,000 square miles in west-central Florida, primarily in and around
Tampa, Florida. (See Figure 1)

TECO Power Services

TECO Power Services (TPS) is a subsidiary of TECO Energy, Inc., and an
affiliate of TEC. This company. was formed in the late 1980’s to take
advantage of the opportunities in the non-utility generation market. TPS
operates a 295MW natural gas-fired combined cycle power plant in Hardee
County, Florida. Seminole Electric Cooperative and Tampa Electric Company
are purchasing the output of this plant under a twenty-year power sales
agreement.




TPS is responsible for the overall project management for the IGCC project.
" TPS will also concentrate on commercialization of this IGCC technology, as
part of the Cooperative Agreement with the U. S. Department of Energy.

U. S. Department of Energy

The Department of Energy has entered into a Cooperative Agreement with TEC
under Round Il of the Clean Coal Technology (CCT) Program. Project
Management is based in DOE’s Morgantown Energy Technology Center in West
Virginia.

Maijor Project Participants & Responsibilities

Tampa Electric Company - Owner/Operator of Polk Power Station

TECO Power Services Corporation - Project Management & Commercialization
U.S. Department of Energy - Co-funding under Clean Coal Technology Program
Texaco Development Corporation - Licensor of Gasification Technology
General Electric - Supplier of Combustion Turbine/Combined Cycle Equipment
GE Environmental Services, Inc. - Supplier of Hot Gas Cleanup System
Bechtel Power Corp. - Detailed Engineering/Construction Management

MAN Gutehoffnungshiitte AG - Supplier of Radiant Syngas Cooling System
L&C Steinmtiller GmbH - Supplier of Convective Syngas Cooling System

Air Products & Chemicals, Inc. - Turnkey Supplier for Air Separation Unit
Monsanto Enviro-Chem Systems, Inc. - Turnkey Supplier for Sulfuric Acid Plant
Johnson Brothers - Site Development & Reclamation

THE SITE

The Polk Power Station will be built on an inland site in southwestern Polk
County, Florida (Figure 2). The site, about 11 miles south of Mulberry, was
previously mined for phosphate and is unreclaimed. This site was selected by
an independent Community Siting Task Force, commissioned by TEC to locate
a site for its future generating units.

The seventeen person group consisted of environmentalists, educators,
economists, and community leaders. The study, which began in 1989,
considered thirty-five sites in six counties. The Task Force recommended three
tracts in southwestern Polk County that had been previously mined for
phosphate. These sites had the best overall environmental and economical
ratings. Total area for the site is about 4300 acres.

About one-third of the site will be used for the generating facilities (Figure 3).
TEC will be responsible for development of the site. As part of this overall
plan, the existing mine cuts will be modified and used to form an 850 acre
cooling reservoir.
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Another one-third of the site will be used for creating a complete ecosystem.
It will include uplands, wetlands, and a wildlife corridor. This will provide a
' protected area for native plants and animals. The final one-third of the site will
be unused, primarily used for site access and providing a visual buffer. TEC is
also responsible for reclamation and revegetation of the entire site.

THE IGCC PROJECT

Qverall Concept

The overall project will integrate two major technologies - coal gasification and
combined cycle power generation (See Figure 4). This will combine the ability
to use low cost coal with the efficiency of the combined cycle. This is
expected to provide a system that is 10-12% more efficient than a
conventional coal-fired unit.

Gasification

This unit will utilize commercially available gasification technology under a
license provided by Texaco for their oxygen-blown entrained-flow gasifier. A
general flow diagram of the entire process is shown in Figure 5. In this
arrangement, coal will be ground and slurried in water to the desired
concentration (60-70% solids) in rod mills. The unit will be designed to utilize
about 2300 tons per day of coal (dry basis). This coal slurry and an oxidant
(95% pure oxygen) will then be mixed in the gasifier where the carbon in the
coal is partially oxidized at a temperature in excess of 2600°F (1370°C). This
produces syngas with a heating value of about 2560 BTU/SCF (LHV). The
oxygen will be produced from the Air Separation Unit (ASU). The gasifier is
expected to achieve greater than 95% carbon conversion in a single pass. The
syngas will flow downward into a radiant syngas cooler where the temperature
will be reduced from about 2500°F (1370°C) to about 1300°F (700°C).
After the radiant syngas cooler, the gas will then be split into two (2) parallel
convective coolers, where the temperature will be cooled further to about
900°F (480°C). Syngas from each convective cooler will then enter a gas/gas
exchanger, one used for heating clean syngas and one for heating nitrogen.
The cooled gas then will go to the Cold Gas Cleanup (CGCU) system for sulfur
removal. A slip stream of about 10% of the syngas flow (following one of the
convective coolers) will go to the demonstration sized Hot Gas Cleanup (HGCU)
system. This flow arrangement was selected to provide assurance to TEC that
the IGCC capacity would not be restricted due to the demonstration of the
HGCU system. The CGCU system will be a traditional amine scrubber. Sulfur
species removed in the HGCU and CGCU systems will be recovered in the form
of sulfuric acid.

Most of the ungasified coal exits the bottom of the gasifier/radiant syngas
cooler into the slag lockhopper where it is mixed with water. These solids
generally consist of slag and unreacted coal. They will exit the slag lockhopper
and then be dewatered. This non-leachable by-product is readily saleable for
blasting grit, roofing tiles, and construction building products. TEC has been
marketing slag from its exiting coal-fired units for such uses for over 25 years.
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The water in the slag lockhoppers requires treatment before it can be either
discharged or reused. All of the water from the gasification process will be
cleaned and reused, thereby creating no requirement for discharging process
water from the gasification system. ]

Air Separation Unit

The Air Separation Unit (ASU) will use ambient air to produce oxygen for use
in the gasification system and sulfur recovery unit, and nitrogen which will be
sent to the advanced CT. The addition of nitrogen in the CT combustion
chamber has dual benefits. First, since syngas has a substantially lower
heating value than natural gas, a higher fuel mass flow is needed to maintain
heat input. This additional mass flow has the advantage of producing higher
CT power output. Second, the nitrogen acts to control potential NO, in the
fuel combustion process.

The ASU will be sized to produce about 2100 tons per day of 95% pure
oxygen and 6300 tons per day of nitrogen. The ASU will be designed and
constructed as a turnkey project by Air Products and Chemicals, inc.

HGCU

The HGCU system is being developed by General Electric Environmental
Services, Inc. (GEES!). This process is undergoing pilot plant testing at GE’s
laboratory facilities in Schenectady, NY. The advantage of the HGCU over the
CGCU is the ability to use the syngas directly from the gasification system.
Instead of having to cool the gas prior to sulfur removal, the HGCU will accept
gas at 900-1000°F (480-540°C). The successful demonstration of this
technology will provide for higher efficiency IGCC systems.

The slipstream for the HGCU system will come directly after one of the
convective syngas coolers (See Figure 6). The HGCU system will be sized to
treat about 10% of the syngas. The unit will be able to operate in either the
100% CGCU or 90% CGCU/10% HGCU mode. The metal oxide sorbent used
will be zinc titanate or Z-Sorb, a sorbent produced by Phillips Petroleum. GEESI
has been conducting tests on both sorbents.

A regeneration system will produce a highly concentrated (about 11%) SO,
stream. This will feed the sulfuric acid plant, for production of a saleable acid
by-product.

Two (2) other support processes will be investigated as improvements to this
process. In addition to the high efficiency primary cyclone being provided
upstream of the HGCU system, a high temperature barrier filter will be used
downstream of the HGCU to protect the combustion turbine.

Sodium bicarbonate, NaHCO,, will be injected for removal of chloride and
fluoride species. This will form the stable solids NaCl and NaF, which will be
collected in a secondary cyclone and disposed of with other plant solid by-
products streams.




Combined Cvycle System

' The key components of the combined cycle system are the advanced
combustion turbine (CT), heat recovery steam generator (HRSG), steam turbine
(ST), and generators.

GE is currently optimizing the arrangement for lowering the pressure drop
across the fuel inlet control valving. This has a compounding positive effect
on cycle efficiency by also allowing a lower pressure in the ASU, requiring less
air and nitrogen compressor parasitic power.

The HRSG is installed in the combustion turbine exhaust to complete the
traditional combined cycle arrangement and provide steam to the 130MW

steam turbine

No auxiliary firing will be used in the HRSG system. Hot exhaust from the CT
will be channeled through the HRSG to recover the CT exhaust heat energy.
The HRSG high pressure steam production will be augmented by high pressure
steam production from the coal gasification (CG) plant. All high pressure steam
will be superheated in the HRSG-before delivery to the high pressure ST.

The ST will be designed as a double flow reheat turbine with low pressure
crossover extraction. The ST generator will be designed for highly efficient
combined cycle operation with nominal turbine inlet throttle steam conditions
of approximately 1,450 psig and 1,000°F (540°C) with 1,000°F (540°C)
reheat inlet temperature.

The operation of the combined cycle power plant will be coordinated and
integrated with the operation of the CG process plant. The initial start-up of
the power plant will be carried out on low-sulfur No. 2 fuel oil. Transfer to
syngas will occur upon establishment of fuel production from the CG plant.

Under normal operation, syngas and nitrogen from the ASU will be provided to
the CT. The syngas/nitrogen mix at the CT combustion chamber will be
regulated by the CT control system to the NO, emission levels from the unit.

Cold reheat steam from the high pressure turbine exhaust and HRSG
intermediate pressure steam will be combined before reheating in the HRSG
and subsequent admission to the intermediate pressure ST.

Sulfuric Acid Marketing

As noted previously, TEC has always been able to market its coal combustion
by-products. This includes slag, bottom ash, flash, and gypsum from a flue
gas desulfurization system. In order to continue this trend, TEC contacted
phosphate companies and marketers to find a use for the by-product from the
sulfuric acid plant. A contract was entered into between TEC and a local
sulfuric acid marketing company.
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A 10,000 gallon storage tank (5 days production at full load) will be on site.
Acid will be able to be shipped by either truck or rail. Polk County is home to
six phosphate companies, with sixteen sulfuric acid plants producing about
thirteen million tons of sulfuric acid per year. ThePolk Power Station expected
annual production of 75,000 tons accounts for less than 1%. Therefore, no
significant impact to market availability or price are expected to occur due to
this additional production.

ENVIRONMENTAL PERFORMANCE

TEC was required to go through both state and federal permit processes. On
the state level, a power plant of this size is requires submittal of a Site
Certification Application. This provides a "one-stop” permit application process
for all state and local agencies, and is administered by the Florida Department
of Environmental Protection (FDEP). The application was submitted in July
1992, and final approval was granted by the Governor and Cabinet in January
1994.

The original application was based on the sulfur plant/sulfuric acid plant
concept and was later modified to the present sulfuric acid plant. A Prevention
of Significant Deterioration (PSD) air emissions permit was issued by the FDEP
on February 24, 1994. Due to minor changes in air emission sources that
occurred after the contract was signed for the sulfuric acid plant, a
modification to the PSD permit is being processed by the FDEP.

It must be noted that this application was for a power plant unlike any
previously seen by these agencies. Therefore, extensive discussions were
required to determine the appropriate emissions limitations, since the plant uses
coal, burns gas, and includes a sulfuric acid plant.

During the Demonstration Period, limitations for NO, and SO, emissions are
based on 0.3 Ib/mmBtu and 0.247 lb/mmBtu respectively. Following the
Demonstration Period, limitations will be 25 ppmvd for NO, (0.1 Ib/mmBtu) and
0.17 Ib/mmBtu for SO,.

DEMONSTRATION

The Cooperative Agreement requires a two year demonstration period. During
that time frame, TEC will operate the IGCC plant using four different types of
coal. Operation with the HGCU will be a major part of the demonstration
program in order to quantify its performance. Depending on the initial success
of the HGCU system, an additional two-year period will follow to either
continue HGCU testing and enhancement (if HGCU continues to be technically
and commercially feasible) or continue with additional overall IGCC plant
testing and data collection.




This demonstration period will provide cost and performance data to the DOE.
The data will be available to other utilities and will provide another alternative

+ for meeting future generation needs and for repowering existing units to meet

upcoming environmental requirements. IGCC will provide these utilities with
the benefits of low cost U. S. coal reserves along with efficient, superior
environmental performance.

SCHEDULE

Figure 7 presents the project schedule. Site development began in July 1994.
Checkout will occur in early 1996, with performance testing occurring in late
summer of that year. Commercial Operation of the entire IGCC unit is
scheduled for October 1996.
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FIGURE 6




POLK POWER STATION PROJECT SCHEDULE

July 1994 - Start Site Development

January 1995 - Begin Construction of Tanks, Erect Control
Building, and Deliver Main Transformers

March 1995 - Begin Erection of Gasification Steel Structure
and Deliver Combustion Turbine

July 1995 - Erect Radiant Syngas Cooler, Gasifier, and Steam
Drums

Fall 1996 - Commercial Operation

Figure 7
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