Partial Gasification
Combined Cycle

Technology

A practical pathway for clean coal advancement

nvironmental concerr: and policy will con-

tinue to shape the power supply infra-

structure around the globe. The world's
power infrastructure today is very much the
result of earlier environmental pressures: the
emergence of fluid bed combustion technology
for coal in the 1970s, the global decline in
nuclear technology during the 1980s, and the
dramatic increase in natural gas technology in
the 1990s. These trends have been most evi-
dent in industrialized nations and history has
shown that developing countries eventually
adopt the environmental standards of their
more developed neighbors.
Over the past decade the environmenta! stan-
dards for the power industry have increased
dramatically led by industrialized countries such
as the United States, European Community and
Japan, Advanced natural gas combined cycle
(NGCC) technology is setting ultra low stan-
dards for NO, and CO at a few ppm and vir-
tually zero SO and particulates. Trace metal
emission regulation for mercury, lead, cyanide,
and arsenic, as well as fine particulate regulation
(PM 2.5), are in the implementation stages of
industriafized countries. Many countries around
the globe are contemplating CO5 regulation.
In the United States and in many other coun-
tries, while emission standards have been beco-
ming more stringent, global emissions from
power plants have not been correspondingly
decreasing, a resule of far too little investment
in power infrastructure over the last 20 years.
As power demand has increased, without new
cleaner generation to meet the need, power
producers are forced “to put everything on
fine” including their oldest, least efficient and
highest emitting plants. According to the USA
Utility Data Institute (UDI), about half (1962
GW) of the worlds power is generated from
coal and most of this power, about 87% of it
(1716 GW), does not have any installed NO,,
or 504 control equipment. Some of these

Over the past year interest and consensus on coal in the European
countries and particurarly in ltaly have increased, led by the
necessity to ensure a safe energy supply in a floating and unstable sce-
nario of natural gas and oil prices. Partial Gasification Combined Cycle
(PGCC} technology described in this paper increases significantly the
plant efficiency over the supercritical and ultrasupercritical steam
plants, because it benefits both from use of gas turbine like the IGCC
(Integrated Gasification Combined Cycle) plant and from generation
of supercritical steam like supercritical steam plants. In addition the
PGCC auxiliary consumptions are lower than IGCC due to use of air
as an oxidant instead of oxygen and to the lower plant complexity.

More than just a gasification technology, PGCC is a platform that can
be used as a pathway to ultra clean coal plants. It can be built today
with existing technologies and achieve efficiency levels well beyond
other coal technologies. For the future, its open platform can incorpo-
rate advances in gasification, combustion turbine, steam, and fuel gas
cleaning technologies, setting the standard for future coal technology.

Utilizzo energetico del carbone con la tecnologia PGCC

Negli ultimi anni, in Europa e anche in Italia, sono cresciuti Pinteresse e il
consenso per Putilizzo del carbone, sostenuti dalle necessité di garontire la
sicurezza degli approvvigionamenti energetici In un quadro instabile e flut-
tuante dei prezzi del petrolio e del gas naturgle.

La tecnologia PGCC (Partial Gasification Combined Cycle) descritta in
questo articolo, aumenta significativamente Pefficienza d’impianto rispet-
to a quello degli impianti a vapore supercritici & ulirasupercritici, traendo
vantaggio sia dail'uso delle turbine o gus, come negli impianti IGCC, sia
dalla genergzione di vapore supercritico come negli impianti a vapore
supercritici.Inoltre i consumi degli ausiliari di un impiante PGCC risultano
minori rispetto a quelli di un impianto IGCC, date Putilizzo di aria anziché
di ossigeno come ossidante, e la minore complessité dell'impianto.

Piit che una tecnologia di gassificazione, la tecnologia PGCC & una piat.
taforma che pué essere utilizzata per costruire impianti a carbone ultra
pulito. Con le tecnologie esistenti permette di raggiungere degli ottimi livel-
li di efficienza rispetto alle altre tecnologie del carbone. In futuro la sua
piottaforma aperta potrd incorporare tutte le innovazioni nella gassifica-
zione, nelle turbine a gas, a vapore, e nelle tecnologie di pulizia dei gas
esausti, fissando cosl un riferimento per le future tecnologie di utilizzo del
carbone.

older units emit over 10 times the emissions of
cutrrent new plant standards.
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With new gas plants setting uftra low emission
standards, and while many people are consu-
ming low cost pawer from older dirtier plants,
the industry is far from an equilibrium state.
Implicitly, NGCC has set the ultimate target for
coal power emissions and coal’s future depends
on how far technology can take coal environ-
mentally while still fuifilling the economic and
reliability hurdles set by the power market.
The situation in Europe shows variegated sce-
narios with different weight of coal in the
power production, ranging from countries like
Germany, Denmark, United Kingdom, where
coal is an important fuel source, to countries
jike Italy, where coal is marginally used and, for
historical reasons, considered dirty and a poliu-
tant up to now.

Figure | shows fuel sources for electricity gene-
ration in USA, and ltaly: coal contribution is
52% in USA, 32% average in Europe and only
1% in laly.

However, the trend is changing: over the past
year interest and consensus on coal in the
European countries and particurarly in ltaly
have increased, led by the necessity to ensure a
safe energy supply in a floating and unstable
scenario of natural gas and oil prices.

In lealy, the dramatic increase of Natural Gas
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Combined Cycle (NGCC) projects has resul-
ted in the transfer of taly’s crude oil depeden-
ce risk to now a sole dependence on natural
gas, sharing the same uncertainties related to
international strains, price fluctuations and limi-
ted reserves. In 2001 the forecast of year 2005
natural gas percentage showed a dramatic 58%.
One path towards national energy security is
fuel diversity: coal with its large reserves, stable
and low prices and a free competition market
without political interference, is the answer
However, in Europe, as well as in USA, the chal-
lenge for coal depends on technology to meet
aggressive environmental and efficiency targets.

The Value of Efficiency

Coal technologies that utilize strictdy Rankine
steam cycles, such as pulverized coal (PC) or
circulating fluid bed combustion (CFB) techno-
logies, are limited thermodynamically by the
relatively low Rankine cycle efficiency. Methods
for substantial efficiency improvements can
only be achieved by increasing steam condi-
tions to supercritical pressures (more than 220
bar a) and to very high temperatures (more
than 600 °C for superheated and reheated
steam). This means the need to continuously
develop the boiler metallurgy to cope with
higher and higher steam temperatures.

In contrast, today NGCC is the most efficient
power technology and is expected to remain
so in the future. Thermodynamically, the combi-
ned cycle utilizes the fuel's energy in the most
efficient way and with a clean high-energy fuel,
such as natural gas, requiring minimal poliution
controls and energy losses to the cycle, NGCC
rechnology sets the upper efficiency limit for all
other power generation technologies. The
drawback is the obliged link to the natural gas
source and market.

Coal technologies that promise the lowest
emissions utilize Integrated Gasification
Combined Cycle (IGCC). Gasification acts as a
bridge between coal and gas turbines. IGCC is
the only coal based power technology that can
approach the environmental performance of
natural gas fired systems, because the synthesis
gas {syngas) generated by gasification, before
firing in the gas wwrbine, can be cleaned to redu-
ce to very low levels contaminants such as sul-
fur compounds and particulates. Further, the
syngas can be mixed with nitrogen and/or satu-
rated with water to reduce similarly the nitro-
gen compounds.

IGCC technology benefits from combined
cycle technology to increase the efficiency (5-
10 points or 10-25%) with respect to conven-
tional subcritical steam cycles.
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it also benefits from advancement in combu-
stion turbine {CT) rechnology. As CTs advance
to more efficient and larger sizes, IGCCs also
advance in size, efficiency, 2nd economy of scale.
But untike NGCC plants, they need to carry
the energy joss penalty associated with gasifying
solid fuel, producing oxygen used as reaction
oxidant, and capturing the pollutants derived
from solid fuels. As a consequence, the IGCC
net etectrical efficiency falls below the supercri-
tical and ultrasupercritical steam plants.

On the contrary, Partial Gasification Combined
Cycle {PGCC) technology described in this
paper increases significandy the plant effidency
over the supercritical and ultrasupercritical
steam plants, because it benefits both from use
of gas turbine like the IGCC plant and from
generation of supercritical steam like supereri-
tical steam plants.

In addition the PGCC auxiliary consumptions
are lower than IGCC due to use of air as an
oxidant instead of oxygen and to the lower
plant complexity.

Figure 2 shows an efficiency comparison of
various power technologies expected over the
next 10 years.

Plant efficiency is the most effective way of
reducing the environmental impact of power
generation. Unlike gas cleaning technologies,
which are specifically designed to remove select
pollutants, an increase in plant efficiency redu-
ces all plant emissions by preventing the emis-
sions from ever being created. The pollutants or
emissions either originate from the fuel, such as
§O,, CO4 and mercury, or are created in the
process such as NO, and CO.

For each megawatt generated, higher efficiency
plants use less fuel creating fewer emissions.
Figure 3 shows the impact of plant efficiency on
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CO4. A ten points increase in efficiency results
in an approximately 25% reduction in all plant
emissions.

From the practical standpoint, efficiency is a
high value parameter for power producers. it
gives them a hedge against future environmen-
tal regulation since it indiscriminately reduces
all plant emissions including those yet to be
regulated. But it also gives power producers
benefits that can be realized roday, such as
savings in plant operational cost (fuel consump-
tion and ash production), and plant capital cost
(reduced plant size for the same megawatt out-
put). Plant reliability benefits are also realized
with higher efficiency plants, since multiple pol-
lution controf equipment can be avoided.

A Practical Pathway

to Clean Coal Advancement

The benefits of gasification are clear, But, even
though, several gasification technologies for
power applications have been demonstrated on
a full scale around the world as early as 10
years ago, gasification technology has not yet
successfully penetrated the commercial power
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tion from being commercially accepted in the
power industry.
Partial Gasification Combined Cycle (PGCC)
technology shows promise for power applica-
tions since it can realize the benefits of gasifica-
tion while achieving the reliability, flexibility and
economics of a commercial power plant.
PGCC utilizes proven combustion power tech-
nology to simplify the gasification process and
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How Does PGCC Work?

As with all combined cycle plants, electrical
power is generated from both a combustion
turbine generator as well as a steam turbine
generator:The CT is fueled by syngas generated
by the gasification process and the steam turbi-
ne is powered by supercritical steam generated
in either a supercritical PC or supercritical CFB
combustion botler. Figure 4 shows the PGCC
configuration utilizing CFB boiler technology
named: gasification fluid bed combined cycle
(GFBCC) and figure 5 shows the PGCC confi-
guration utilizing PC boiler technology named:
gasification pulverized coal combined cycle
{GPCCC).

The gasification process is relatively simple,
consisting of only four major systems or com-
panents: {1} gasifier, (2} syngas cooler, (3} parti-
culate fifter, and (4) char transport system. After
being pressurized, solid fuel is gasified in a pres-
surized circulating fluid bed gasifier, the resulting
syngas is cooled by a convective syngas cooler
and then filtered of fine char particles by a hot
gas filter (HGF).

The HGF utilizes durable sintered metal filter
elements and is cleaned during continuous ope-
ration by periodic back pulsing a portion of the
elements with steam or nitrogen. The char that
is collected in the HGF and from the gasifier is
depressurized and injected into the combu-
stion boiler pneumaticaily by the char transport
system. The char is not cooled any further by
the transport system and is injected into the
boiler hot

After passing through the hot gas filter, the syn-
gas is sent to the CT for combustion. PGCC
can utilize standard CT's configured with low
heating value syngas burners, the same engines
as utilized by other gasification technologies.
However, unlike other gasification technologies,
PGCC does not remove the sulfur in the syn-
gas, the hydrogen sulfide (H+5} in the syngas
combusts to sulfur dioxide (SO;) in the CT
combustion process. For PGCC, the sulfur is
removed after the CT in either the CFB boiler
(GFBCC) or in a standard flue gas desulfuriza-
tion (FGD) system downstream of the PC boi-
ter {GPCCC). Working with gas turbine manu-
facturers, for a wide range of fuels, it has been
determined that the resulting sulfur concentra-
tions in the CT gases does not effect CT life
and maintenance.

Feasibility studies have been completed for two
plant designs, one utilizing a General Electric
&FA combustion turbine and the other utilizing
a GE 7FA CT. Table | shows key plant data and
Table 2 shows the expected plant emissions for
these two base designs.
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The Virtue of PGCC Flexibility

Key virtues of PGCC are its operational, fuel
and design flexibility. Unlike most other gasifica-
ton technologies that require 100% of the
plant’s fuel o be gasified, the amount of gasifi-
cation and combustion of the fuel within PGCC
can be adjusted to optimize plant characteri-
stics, such as plant output, reliability, efficiency
and cost, to meet the needs of a specific
project. This flexibility is a result of the limited
integration among PGCC’s three fundamental
technologies (gasification, combustion turbine
and a steam plant).

Both the CT and the steam plant can operate
independently and separately from the each
other or the gasification process. This gives
power produces additional reliabifity, since
alone, both the steam plant and the CT are
proven commercial power generation techno-
logies with established track records. Full plant
power and efficiency can be achieved withourt
the gasification system operating, and most
importantly, with 65%-75% of this power deri-
ved from coal or other low cost fuels.

Very few design constraints are imposed on the
steam plant in the PGCC configuration. For a
given gasification and CT design, the steam
plant can be sized as large as desired and desi-
gned for virtually any steam conditions (both
subcritical and supercritical), as well as, designed
for alternative fuels such as, waste coals, that
may not be appropriate gasifier fuels. In contra-
st, for most other gasification technologies, the
steam plant size is strictly determined by the
CT size and the gasification system design.

For PGCC, the only significant design con-
straints for the steam plant is that it be farge
enough to receive the CT exhaust gas flow and
burn the char from the gasification process.Any
larger size is possible, giving designers the abi-
lity to custom size a piant for a given project. As
the steam plant size increases, overall PGCC
plant reliability is expected to increase since
more plant power is derived from one mostly
independent Jeg of the plant. However, increa-
sing stearn power also has the effect of reducing
plant efficiency.

Overall plant efficiency falls since a farger pro-
portion of the plant’s power is coming directly
from the less efficient Rankine cycle. This gives
power generators the flexibility of trading off
higher plant reliability against plant efficiency
and lower emissions. Figure 6 shows the rela-
tionship between CT/ST power ratio and ove-
rall plant capacity and efficiency for the 609
MWe (GE 7FA) plant design. As can be seen,
bath plant power and efficiency are optimum
when the steam turbine power is about twice

Predicted Key Plant Design Parameters

Main Fuel Pitesburgh # 8 Coal
Main Fuel Suifur Comar I TS
Startup/Backup Fuel o Natural Gas
Alticude s e on Toe
Ambient Temperature °C 5
Ambient Hurmidity e P

" Gas Turbine Model . CEGE | GETRA
GT Gross Output T Mwe 875 | 1975
Gasification Auxiliary Load Mwe R 305
Net Gasification/GT Power MWWe 725 167
ST Gross Output | MWe LT NI B 4113
ST Aux Load Mwe 2 328
Net ST Power MwWe 2290 | 3785
Total Plant Gross Output MwWe 3376 608.8
Total Plant Auxiliary Load MWwe B TN B S
Total Plant Auxiliary Load % - 104% 10.4%
Plant Net Qutput Mwe | 3025 545.5
Net Plant Efficiency SLHV 449 468
Net Plant Heat Rate keallkWh | 1915 1837
Coal Flow to Gasifier vh 47 94
Coal Flow to CFB or PC Boiler th 36 89
Char Flow to CFB or PC Boiler vh BT 4
Limestone Flow to CFB thh o 22 38 |
Total Plant Ash Discharge Fiow th 32 56
Steam Cycle T OnceThru Supercritical
Steam Flow (SH/RH) th S457571T | 541789
Steam Pressure (SH) " bara 270 270
Steam Temperature (SH/RH) | °C 580/600 | 580/600
Condenser Pressure " para 0.042 0042
Cooling Water System " Cooling Tower
Estimated Plant EPC Cost $/kWe nec | 1200-1400] 1100-1300

the com- Tab. |

bustion turbine power In contrast, NGCC
plants typically have CT/ST power ratios
between 0.5-0.6, nearly the inverse of PGCC
plants. This is understandable since NGCC
plants are designed primarily to achieve high
efficiency instead of maximum power.
The Commercial
Demonstration Opportunity
Development and pilot scale testing of PGCC
technology has been conducted by Foster Tob. 2

Wheeler over the last several years and the

. . European Directivel
Predicted Plant Emissions 2000/80/CE
3 3

5 mg/Nm” @ mg/Nm> @

% Capture| kg/MWh | "¢5 0, vol 8% O vol
SOx 9% 243 200 200
NOx 047 150 " 200
co 0.47 150 o
Hg 56  ppmv
Particulate 99,995 <20 30
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technology is ready for the next step: a full-
scale commercial demonstration. Both FW and
the Department of Energy (DOE) are commit-
ted to demonstrating this technology and are
together searching for a host To help break
through the first-of-a-kind barrier, substantial
DOE matching funds are available to the
demonstration project host.

The design selected for the demonstration
project is the 300 MWe GFBCC design utilizing
the GE 6FA combustion wrbine. A recent eco-
nomic study of the demonstration project has
shown that with the DOE funding the host can

achieve “all in"” bus bar electricity rates 15-30 %
below other conventional plant options for
adding capacity. Of course, the savings opportu-
nity depends very much on the specific project
site ranging from repowering of an existing site
to a complete greenfield application. Figure 7
summarizes the project schedule assuming a
full project release by January 2003,

Final Remarks

More than just a gasification technology, PGCC
is a platform that can be used as a pathway ro
ultra clean coal plants. It can be built today with
existing technologies and achieve efficiency
levels weil beyond other coal technologies. For
the future, its open platform can incorporate
advances in gasification, combustion turbine,
steam, and fuel gas cleaning technologies, set-
ting the standard for future coal technology.
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