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Polk Power Station recently completed its 5th year of commercial operation.
Today’s presentation will contain:
•Polk’s operating statistics prescribed by the GTC’s recent guidelines,
•Summary of the major outage causes encountered in year 5,
•Discussion of the two major challenges currently facing Polk:

•Potential requirement to install an SCR and its implications
•Cost effective slag disposal and elimination of excess slag production.
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This is a schematic flow diagram of the Polk IGCC system.  A description of the
process can be found in Tampa Electric’s 1999 Gasification Technologies
Conference paper.

This presentation will cover reliability statistics. It is important to recognize the
extent of the redundancy provided in the configuration to put these statistics into
proper perspective.  Polk is essentially a single train facility with very little useful
redundancy.  We do have 5 days of coal storage on-site,  2-60% rod mill systems
and 6 hours of slurry storage.  Our 2 convective syngas cooler and syngas scrubber
systems are more of a reliability detriment than asset.  It is also important to note
that, unlike most other Texaco coal gasification systems,  we have only 1 slurry feed
pump and no oxygen storage to accommodate brief slurry feed or oxygen supply
interruptions which we encounter several times per year.
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Polk Power Station Unit #1

 ELECTRICITY PRODUCTION
Gross Maximum Capacity = 2,760,000 MWH/Year

This is an overview of Polk’s five years of commercial operation.  Year 4 was our
best to date, with a gasifier capacity factor of 75%.  Last year’s gasifier capacity
factor was only 66%, but production from distillate fuel brought the overall capacity
factor up to 71.8%.
The individual major subsystem statistics on the next slide are more informative.
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        Reserve    Total
On-Stream Shutdown Available

ASU 80.5 / 73.3 13.4 / 17.2 93.9 / 90.5

Gasifier 77.8 / 71.0 10.9 / 13.2 88.7 /84.2

Power 81.0 / 81.4*  5.6 / 12.5 86.6 / 93.9

*Gas   75.8 / 69.8;   Oil   5.2 / 11.6

Polk Power Station IGCC
Availability Statistics

% of Period Hours:   Year 4 / Year 5

The term “Reserve Shutdown” is equivalent to the GTC’s category “Product Not
Needed”.  For the ASU and Power Block, this is straightforward.  For the
Gasification Plant, this reflects the percentage of the time when the gasifier was
intentionally not operated for economic reasons, or when either the power block or
the oxygen plant were unavailable.

The oxygen plant’s availability was uncharacteristically low in both years 4 and 5.
The major problem in year 4 was a distillation column leak discussed at last year’s
conference.  The year 5 problems will be discussed later today.

The gasifier’s 88.4% availability was excellent in year 4.  Year 5’s 84.2%
availability was very acceptable, although we know we can improve.

86.6% availability for the power block in year 4 is relatively low for this system and
reflects the distillate fuel problems discussed at last year’s conference. Year 5’s
availability of 94.4% is much improved, and more in line with expectations and
requirements.  In fact, it is really the combined cycle’s availability which enables
Polk to meet one of its key objectives:  high availability during periods of peak
demand.  Because of the combined cycle’s improved performance, we achieved on-
peak availability of 97.2% this year, almost 10 percentage points above our goal.
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      Planned   Forced      Total
 Outage   Outage Unavailable

ASU  1.1 /  1.1  5.0 / 8.5  6.1 /  9.6

Gasifier  5.8 /  7.7  5.6 /  8.2 11.4 / 15.9

Power  4.8 /  3.1  8.7 /  3.0 13.5 /  6.1

Polk Power Station IGCC
Unavailability Statistics

% of Period Hours:   Year 4 / Year 5

Unavailability, shown here, is merely the complement of availability from the
previous slide.  This slide differentiates between planned and forced outages.

There is relatively little oxygen plant planned outage work that can’t be
accomplished in 4 or 5 days of concentrated effort, so the ASU’s planned outage time
is relatively limited.

The gasifier’s longer planned outage in year 5 compared to year 4 reflects the gasifier
refractory liner replacement in year 5.  Only minor refractory repairs, tie-ins, and
routine inspections were done in the year 4 planned outages.

Conversely, the power block’s longer planned outage in year 4 compared to year 5
reflects the hot gas path inspection in year 4 which took longer than the combustion
hardware inspection in year 5.

Next, we’ll discuss some of the details of Polk’s unavailability in year 5.  The first
quarter of Polk’s year 5, which was the last quarter of 2000, was exceptionally good
with a gasifier on-stream factor of over 92%.  The next quarter, the first quarter of
2001, was only average with a gasifier on-stream factor of 70%.
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POLK’S SPRING BREAK
•Planned Outage: 28.0 Days

•Refractory - 2 Years Old
•CT Combustion Inspection

•Startup Failure:  2.8 Days
•Derime ASU

•Long Gasifier Run: 37 Days
•Longest of Year 5

•Forced Outage:  4.5 Days
•RSC Outlet Line Plug

•Startup Failure:  27.7 Days
•MAC 4th Stage Impeller

The spring quarter of 2001 was very troublesome as shown on this slide.  The
quarter began with the annual planned outage.  One very positive note: the gasifier
refractory had been in service for 2 years and it still had some remaining life.   But
there wasn’t quite enough to be sure we would make it through the summer peak, so
we replaced it.  There were no unpleasant surprises from the combustion turbine’s
combustion hardware inspection.

When we were restarting the Oxygen plant at the end of the planned outage, a
control system card failed, causing the air dryer to miss part of a regeneration cycle.
This could have formed some ice in the main exchanger, so we elected to take the
three days to derime (deice) the plant rather than risk having problems during the
summer peak season.

We then had a very nice 37 day run, the longest of Polk’s 5th commercial year.  The
run ended in a forced outage due to pluggage of one of the lines between the
Radiant and Convective syngas coolers.  The cause was a repair procedure that we
tried during the planned outage which turned out to be unsuccessful.

As we were returning from the outage, we restarted the main air compressor.  It
idled normally for nine minutes, but as we loaded the machine, we observed
extremely high vibration on its 4th stage.  Cracks had developed in the impeller’s
brazed joints.  It required 28 days to weld-repair the impeller and return the machine
to service.
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OTHER LOST PRODUCTION CAUSES
280 (+165) Hours / 1 Outage Extension

Slag Disposal Economics

153 Hours / 2 Forced Outages
Scrubber Failures - Attempted Improvement

110 Hours / 5 Forced Outages
Gas/Water Leaks - Typical Locations

109 Hours / 1 Forced Outage +
Formate Salts In MDEA - Ion Exchange

Other leading causes of lost gasifier production are shown here.

An 18 day gasifier outage this fall provided some temporary relief from high slag disposal
costs while we made plant modifications to enable us to produce marketable slag.  The slag
issue will be discussed in more detail later.  We also took this opportunity to repair some
leaking seals in the radiant syngas cooler and perform other miscellaneous non-critical
maintenance.

2 forced gasifier outages totaling over 6 days plus considerable additional O&M expense
resulted from an unsuccessful process improvement attempt.  The syngas scrubber
environment is extremely erosive and corrosive, and its maintenance costs $¼ million each
year.  We observed a phenomena which suggested we might be able to save a significant
fraction of this, so we tried it very successfully for 2 months on one scrubber.  However,
when we tried it on the second scrubber, it failed miserably.

We suffered 5 forced outages due to leaks in the raw gas and black water piping.  We were
able to repair 3 of them inside the 8 hour hot restart window, but 2 required longer.  We could
have eliminated at least some of them with better planning or preventative maintenance.

COS hydrolysis catalysts generate formic acid which produces non-regenerable heat stable
salts in the acid gas removal solvent, MDEA.  We had routinely utilized the services of Union
Carbide to regenerate the solvent, but in this case, we waited too long.  The salts plated out on
the absorber trays as shown in the next slide and in downstream equipment.  We added an ion
exchange system in July which solved this problem.
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Formate Salt Deposits
In MDEA Absorber

Heat stable salts from the reaction of formic acid produced by the COS hydrolysis
catalyst with the acid gas removal solvent MDEA reached the saturation level in the
circulating solvent.  The salts deposited on the valve trays of the acid gas absorber
shown here.  Some of the salty mist also carried over from the absorber and plugged
downstream equipment.

A new ion exchange system installed in July 2001 regenerates the salts as they are
formed.  The problem has not recurred since.
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YEAR 5 FORCED OUTAGES

CAN BLAME EQUIPMENT FAILURE
BUT

WE COULD HAVE HELPED OURSELVES MORE:

Should Have Known Better
Leaks

Lost On Calculated Risks
RSC Outlet Line, Scrubbers, MAC 4th Stage

Should Have Paid More Attention
ASU Derime

It would be easy enough to blame all of the outages identified in the previous slides
on process problems or equipment failures, and certainly they were contributing
factors.  However, root cause analyses of the failures reveal that Polk’s IGCC
technology need not be so costly.  We could have eliminated or mitigated the losses
in most cases.

The syngas and black water leaks occurred in places we should have known would be
problematic.  We took some calculated risks to reduce O&M costs which resulted in
the plugged RSC outlet line and the syngas scrubber problems.  Even in the case of
the MAC 4th stage impeller failure, we had observed higher than normal vibration
there for some time and planned to inspect it thoroughly during the spring 2001
outage, but we deferred this inspection due to budget and manpower constraints.  The
MDEA system plugging was much more costly than it would have been had we not
been trying to reduce contract costs for solvent regeneration.  And while an
instrument failure certainly did cause the ASU dryers to miss a regeneration cycle,
improved vigilance could have detected it earlier and eliminated the need to derime.

So, while IGCC is certainly a relatively complex and challenging technology, we are
continuing down a path to improvement.  We will learn from our mistakes, and
through conferences such as this, we hope others will also.
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CURRENT BURNING ISSUES

•  SLAG

•NOx BACT ANALYSIS

The last topics of today’s presentation are Polk’s current most pressing issues, slag
disposal and the NOx best available control technology (BACT) analysis which
could lead to the very expensive installation of a selective catalytic reduction (SCR)
system.
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SLAG
•WHAT? MINERAL MATTER + UNCONVERTED CARBON

•WHY?       CONVERSION LOWER THAN EXPECTED
•Largest ever Texaco Gasifier

•  CHARACTERISTICS?
•Lower Heating Value and Reactivity than Parent Fuel
•Requires More Oxygen

•Full O2 Capacity at 90ºF:   1975 KSCFH
•O2 Needed for Full Load:

•No carbon recycle:       2125 KSCFH (+7.5%)
•100% carbon recycle:   2275 KSCFH (+15%)

•WHAT TO DO?
•Now: Recover “lost” Energy as fuel at Big Bend Station
•Long term: Make More Oxygen

Slag is the noncombustible mineral matter contained in coal plus any of the coal’s carbon which
was not converted to syngas in the gasification process.  In previous papers at this conference, we
have discussed the fact that there is approximately twice as much unconverted carbon from Polk’s
gasifier as initially expected.  This unconverted carbon makes Polk’s slag unsuitable for all known
applications unless it is further processed.

We have doubled the size of the fines handling system and installed additional slag handling
equipment to try to deal with with the unconverted carbon which is contained in the smaller slag
particles (the fines).  By reducing plant load and modifying our slag handling equipment, we
produced 2000 tons of slag last summer that was beneficially reused by the cement industry at
lower cost to us than Class I landfill disposal.  However, this slag still did not consistently meet
specifications.

Some further process modifications in a recent outage this fall have enabled us to produce slag
which is consistently suitable for the cement industry, but we must continue to operate at reduced
load to do so.  Load reduction is necessary because more oxygen is needed to gasify the fines, and
our oxygen plant, specifically our main air compressor (MAC), cannot supply it.  As shown on the
next slide, the MAC cannot now even supply enough air to fully load the plant on a warm day.

A contractor experienced with power plant ash handling is currently installing equipment to
separate the unconverted carbon from the slag we have stockpiled to date.  We will then be able to
recover its energy value in Tampa Electric’s Big Bend pulverized coal power plant.  In addition, it
is essential for Polk’s long term viability that we quickly find a source of more air for the oxygen
plant to eliminate the load restrictions.
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Polk’s oxygen plant requires about 11½ MMSCFH of air to produce enough oxygen
for full load operation on a variety of fuels over the normal ambient temperature
range and to simultaneously reprocess enough fines to generate a slag product
suitable for cement industry.  This is about 8½% more than design.

The main air compressor (MAC) could almost meet these requirements when it was
new, but its output has deteriorated at a rate of about 2% per year.  Now, at the peak
ambient temperature on a normal Florida summer day, it is 15% deficient.  30% of
this loss is attributable to pluggage of its aftercooler and the resulting backpressure.
This is being remedied by replacing the aftercooler bundle and coating all carbon
steel parts to prevent further deterioration.  The remainder of the loss seems to be
distributed throughout the machine, and there is not obvious way to recover it.
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NOx BACT ANALYSIS
•INITIAL PERMIT:

•25 PPM NOx
•BACT ANALYSIS AFTER “DEMONSTRATION” (NOW)

•FDEP: “SCR IS BACT FOR IGCC PLANTS”

•OTHER COAL FIRED UNITS:
• 0 OF 10 OPERATING IGCCs WORLDWIDE HAVE SCR
•IGCC NOx IS 25% THAT OF PCs WITHOUT SCR
•IGCC NOx IS SAME AS PCs WITH SCR

•PROBLEMS WITH SCR
•SCR WILL CAUSE HRSG DEPOSITS (AMMONIUM SALTS)

•SIGNIFICANT DOWNTIME - HIGHER COSTS
•ABANDON PROMISING CLEAN COAL TECHNOLOGY

•SCR WILL CAUSE ADDITIONAL EMISSIONS (AMMONIA)

•PREFERRED OUTCOME:  REDUCED LIMIT TO 15-18 PPM

Polk’s initial operating permit limited NOx emissions from the HRSG stack to 25
ppm (15% O2, dry basis).  It also contained the requirement that NOx control
strategies be reevaluated at the end of the demonstration period.  As a result of this
evaluation, the Florida Department of Environmental Protection (FDEP) has
concluded that selective catalytic reduction (SCR) is indicated for IGCC plants.
Tampa Electric disagrees with this finding due to the lack of evidence of successful
SCR operation on IGCC plants and IGCC’s already low NOx emissions relative to
other solid and heavy liquid based power plants.

The data does indicate that SCR costs for IGCC plants would be excessive.  A key
factor is that the residual sulfur in the fuel gas will react with ammonia which
“slips” through the SCR system, forming ammonium sulfate and bisulfate deposits
in the HRSG.  These deposits would force frequent outages for cleaning,
significantly driving up the cost of power.  IGCC is already widely known to be
costly, so, in a worst case, the requirement for SCR could cause us to abandon this
promising clean coal technology.

We do believe that Polk can improve upon the current 25 ppm limit.  By a
combination of control system modifications and installation of additional proven
process steps, Polk can stay within NOx limits of 15 to 18 ppm.  This would provide
a significant NOx reduction within the proven capabilities of the technology.
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POLK POWER STATION IGCC
•Year 5 Was “OK” - Could Have Been Better

•Tone of Year 6 Will Be Set Soon (BACT)

•Solve Slag Problem: Find More Air for ASU

In conclusion:

Polk’s recently completed fifth year of operation was acceptable, but clearly
opportunities exist to improve.  We expect to do better in year 6.

Important decisions with regard to NOx emission regulation at Polk will be made
soon.  An acceptable outcome is critical to Polk’s future prospects.

Our work in the coming year will hopefully uncover a permanent solution to Polk’s
slag disposal problems and the related air deficiency.


