Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2222607 C 2006/08/08

(11)(21) 2 222 607

12y BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 1996/05/28

(87) Date publication PCT/PCT Publication Date: 1996/12/05
(45) Date de délivrance/lssue Date: 2006/08/08

(85) Entree phase nationale/National Entry: 199/7/11/27

(86) N° demande PCT/PCT Application No.: US 1996/007733
(87) N° publication PCT/PCT Publication No.: 1996/038656
(30) Priorité/Priority: 1995/06/01 (US08/456,605)

51) Cl.Int./Int.Cl. FOTK 23/70(2006.01),
FO2C 6/18(2006.01), FO2C 77745 (2006.01),
F17C 9/02(2006.01), F17C 9/04(2006.01)

(72) Inventeurs/Inventors:
JOHNSON, PAUL C., US;
TOOMBS, A. EDWIN, US

(73) Proprietaire/Owner:
TRACTEBEL LNG NORTH AMERICA LLC, US

(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : CENTRALE THERMIQUE A CYCLE MIXTE FONCTIONNANT AU GAZ NATUREL LIQUEFIE ET TURBINE A

GAZ FONCTIONNANT AU GAZ NATUREL LIQUEFIE

(54) Title: A LIQUEFIED NATURAL GAS (LNG) FUELED COMBINED CYCLE POWER PLANT AND AN LNG FUELED

GAS TURBINE PLANT

STACK GAS
2@ 24 ~20 rtzso“F o
N NP A L e 1 | l'j ______ . _
NEr — T 1
I
| t I
AR | HIGH
IPRESSURE 42
| | STEAM
| |
? :
i 4 y
L :
WARM WATER| .
CHILLED WATER (35°F)| | ,
| l COOLING
-~ T WATER
i
} CONDENSATE
I
I |
! I

(57) Abréegée/Abstract:

A process and system which improves the capacity and efficiency of a power plant. An LNG supply system (12) fuels the plant.
Gaslflied LNG In a combustor (30) mixes with the air from an air compressor (28) to provide the hot combustion gas for a gas
turbine (32). The expanding LNG Is used to chill (16) a heat exchange fluid, e.g. water, which heat exchange fluid cools (24) ana
densifies the intake air for the air compressor (28). Subseqguently, the heat exchange fluid Is used In another heat exchange step
(46) and Is then re-chilled and recycled to cool and densify the intake air.
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(37) Abstract

A process and system which improves the capacity and efficiency of a power plant. An LNG supply system (12) fuels the plant. |

Gasified LNG in a combustor (30) mixes with the air from an air compressor (28) to provide the hot combustion gas for a gas turbine (32).
The expanding LNG is used to chill (16) a heat exchange fluid, e.g. water, which heat exchange fiuid cools (24) and densifies the intake
air for the air compressor (28). Subsequently, the heat exchange fluid is used in another heat exchange step (46) and is then re-chilled and
recycled to cool and densify the intake air.
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Title
. A liquefied natural gas (LNG) fueled combined cycle
power plant and a LNG fueled gas turbine plant

5 Field of the Invention
The invention relates to the use of LNG in

combination with a combined cycle plant (gas turbine
plant/steam turbine plant) or a gas turbine plant. The
LNG is regasified and chills a heat exchange fluid which

10 fluid is used to cool and densify the intake air for a gas
turbine. The heat exchange flﬁid i1s then used in one or
more heat transfer steps. The regasified LNG is also used
as fuel for the gas turbine and optionally for
distribution to other power plants and natural gas

15 distribution systems.

Backaground and Brief Summary of the Invention
It is state of the art practice to extend a gas

turbine plant with a waste-heat boiler and to combine the
20 gas turbine plant with a steam turbine plant. The gas
turbine and the steam turbine each drive their own
generator or drive a single generator via a common shaft.
These combination plants, referred to as combined cycle
plants, are generally distinguished by their very good
25 conversion efficiencies which range in the order of
magnitude from 50 to 52%. These high efficiencies result
from the cooperation of a gas turbine with at least one
steam turbine plant. The gas turbine exhaust gases are
passed through a waste-heat boiler and the residual heat
30 potential of these waste-gases is utilized for producing
the steam required for feeding the steam turbine. LNG has
been used in combined cycle plants as a combustion energy
source.
LNG is normally transported overseas as a cryogenic
35 liquid in specialized vessels. At the receiving terminal
this cryogenic liguid, which is approximately at
atmospheric pressure and at a temperature of around -
260°F, has to be regasified and fed to a distribution




CA 02222607 1997-11-27

WO 96/38656 PCT/US96/07738

10

15

20

25

30

35

-

system at ambient temperature and at a suitably elevated
pressure, typically ranging up to 80 atmospheres. The
liquid is pumped to the required pressure so that when
heat 1s added and it is regasified, no compression of the
resultant natural gas is reguired.

Although many suggestions have been made and some
installations have been built to utilize the large cold
potential of the LNG, in most receiving terminals the cold
potential is wasted and the LNG is simply heated with a
large flow of sea water which has to be applied in such a
manner as to avoid ice formation.

At a few terminals, the cold potential is utilized in
alr separation plants or similar cryogenic installations
or for refrigeration purposes in the freezing and storing
of foodstuffs. It has also been proposed to use the cold
LNG as a heat sink in a power cycle to generate electrical
energy. A number of possible cycles have been proposed
which seek to overcome the difficulties caused by the
large temperature difference through which the LNG is
heated and the particular shape of the warming curve.
However, it has been found that even with relatively
simple cycles only a small part of the available cold
potential can be utilized. Proposals to increase the
efficiency employ more complex cycles involving a large
number of turbines operating between different pressure

levels.
U.S. Patent 3,978,663 broadly discloses a method for

improving the efficiency of gas turbines by cooling a
stream of intake air with LNG. However, the process
requlires that coolants be mixed with the air to lower the
freezing point of separated-out water.

U.S. Patent 4,036,028 also discloses the use of LNG
to cool the i1ntake air of a gas turbine but again the
coolant must be mixed with the air to prevent freezing of

the separated-out water.
U.S. Patent 4,995,234 discloses a power generation

system which utilizes high pressure natural gas and high
pressure high temperature carbon dioxide to drive
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turbines. To cool the intake air of a gas turbine, the
intake air is placed in direct heat exchange relationship
with the natural gas.

In our parent application, the invention broadly
embodied a system and process which improved the capacity
of a combined cycle plant in an amount up to 9% and the

efficiency of the plant up to about 2%, particularly when
the ambient temperature exceeded 60°F. A LNG fuel supply
system was used in combination with the combined cycle
plant. A primary heat. exchange fluid was chilled, in a
two step process, in the LNG fuel supply system and was
then utilized in the gas turbine process to cool and
densify the intake air to the gas turbine. The primary
heat exchange fluid was also utilized in the steam turbine
process to condense the spent stream from the steam
turbine. Lastly, the primary heat exchange fluid was
recycled to the LNG fuel supply system where it was
rechilled. The primary heat exchange fluid flowed through
a closed loop while cooling and densifyving the intake air,
while condensing the steam discharged from the steam
turbine and when being rechilled in the LNG fuel supply
system.

The present application discloses two further
alternative embodiments of the invention(s) disclosed in
our parent application with the same improvements in
capacity 9% and efficiency 2%. The present application
embodies the efficacious use of the thermal energy of LNG
when the ILNG is regasified. A heat exchange fluid is
chilled, in a single step, in the LNG fuel supply system
which chilled heat exchange fluid initially is used to
cool and densify the intake air for a gas turbine. This
heat exchange fluid is subsequently used in at least one
other heat transfer step in a power generating process
before it is recycled and rechilled by the expanding LNG.
In one embodiment of the invention, the heat exchange
fluid, after cooling and densifying the intake air, flows
through a condenser associated with a steam turbine plant
and is then subsequently rechilled. In another embodiment
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of the invention the heat exchange fluid, after cooling
and densifyling the intake air, flows through a heat
recovery heat exchanger and is then subsequently

rechilled.
More particularly, in one embodiment of the

invention, the heat exchange fluid, a water/glycol
mixture, flows through a regasifier/chiller (heat
exchanger) in the LNG fuel supply system. This heat
exchange fluid then flows through a heat exchanger in the
gas turbine plant. The gas turbine plant, which is fueled
by the gasified LNG, drives a generator. The gas turbine
plant has an air intake duct, the heat exchanger, a water
separator, an air compressor, a combustor, a gas turbine
and an exhaust port. The heat exchanger is positioned

15 within the air intake duct. The heat exchange fluid flows

20

25

30

35

through the heat exchanger and supplies a chilled
refrigerant stream for cooling and densifying the air
intake stream which then flows into the air compressor.

A waste-heat boiler is downstream of and in
communication with the exhaust port of the gas turbine.
The exhaust of the gas turbine converts a stream of water
flowing through the boiler into high pressure steam.

The steam turbine plant comprises a steam turbine and
a condenser for spent steam. The high pressure steam from
the boiler is used to drive the steam turbine. The spent
steam from the turbine flows into a condenser. The heat
exchange fluid flows through the condenser and condenses
the spent steam. The heat exchange fluid then returns and
flows through the regasifier/chiller in the LNG fuel
supply system.

In the other embodiment of the invention, the heat
exchange fluid, a water/glycol mixture, flows through the
regasifier/chiller (heat exchanger) in the LNG fuel supply
system. The LNG chills the heat exchange fluid which then
flows through a heat exchanger in the gas turbine plant.
The gas turbine plant, which is fueled by the gasified
LNG, drives a generator. The gas turbine plant has an air
intake duct, the heat exchanger, a water separator, an air
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compressor, a combustor, a gas turbine and an exhaust
port. The heat exchanger 1s positioned within the air
intake duct. The primary heat exchange fluid flows
through the heat exchanger and supplies a chilled
refrigerant stream for cooling and densifying the air
intake stream to the air compressor.

A heat recovery heat exchanger is downstream of and
in communication with the exhaust port of the gas turbine.
The heat exchange fluid flows through the heat recovery
heat exchanger. The heat exchange fluid then returns and
flows through the regasifier/chiller in the LNG fuel
supply system.

Brief Description of the Drawings
Fig. 1 is a process flow diagram of one system

embodying the invention;

Fig. 2 is a process flow diagram of another system
embodying the invention; and

Fig. 3 is an illustration of a modified
regasifier/chiller for the system of either Fig. 1 or Fig.
2.

Description_ of fhe Preferred Embodiment(s)

Referring to Fig. 1, a system of one embodiment of
the invention comprises a liquefied natural gas (LNG) fuel
supply system 10, and a combined cycle power station which
comprises a gas turbine plant 20, a steam turbine plant 40
and a waste-heat boiler 36 interposed between the two
plants. Circulating pumps for heat exchange fluids are
not shown.

The LNG fuel supply system 10 comprises a supply tank
12, a pump 14 and a regasifier/chiller (heat exchanger)
16.

Natural gas from the regasifier/chiller 16 flows to
the gas turbine plant 20 and to other power plants and/or
to a natural gas distribution system. The gas turbine
plant comprises an air intake duct 22, a heat exchanger 24
received therein and a downstream water and particulate
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filter 26 upstream of an air compressor 28.

Water from the regasifier/chiller 16 in the LNG fuel
supply system 10 flows through the heat exchanger 24. The
intake air flows across the heat exchanger 24 and is
cooled and densified. The cooled densified air flows into

the air compressor 28.
A combuster 30 receives the intake air from the air

compressor 28, mixes it with the natural gas from the
regasifier/chiller 16 and delivers the hot combustion
gases to the gas turbine 32.

The combustion gases drive the gas turbine 32 and an
associated generator 34. Preferably, the air compressor
28, gas turbine 32 and generator 34 are mounted on the
same drive shaft.

The exhaust gas from the gas turbine 32 flows to the
waste~heat boliler 36 where water flowing through a coil 38
1s converted to high pressure steanmn.

The steam turbine plant 40 comprises a steam turbine
42 with an associated generator 44; both the steam turbine
42 and the generator 44 preferably being mounted on the
same drive shaft. Alternatively, a larger single electric
generator could be mounted on a common shaft with the gas
turbine and steam turbine. Downstream of the turbine 42
1s a condenser 46 through which the heat exchange fluid
flows. 1In the event the LNG fuel supply system is off-
line or is inadequate for the required cooling duty, an
auxiliary condenser 48 is provided. The condenser 46
condenses the output (spent steam) from the steam turbine
42 which output is recycled back to the waste-heat boiler
36. The heat exchange fluid flows back to the
regasifier/chiller 16 via a buffer tank 50.

The heat exchange fluid (warm water) flows into the
buffer tank 50 which acts as a "fly-wheel", from which the
heat exchange fluid 1s pumped to the regasifier/chiller
l16é. The fluid 1in the buffer tank can also be used in any
other place where "low grade" heat, about 95°F, is
required. Standby heaters (not shown) can be used to keep
the fluid warm enough to provide the required heat if it
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is not available from the combined cycle plant.

If the LNG regasifier is not operating, the combined
cycle plant can operate independently of the LNG
regasifier by providing enough external cooling water to
handle the entire condensing load. 1If the'plants are not
operating, the LNG regasifier can operate independently of
the plants by providing external standby heaters for
heating the circulating water.

Referring to Fig. 2, a system of another embodiment
of the invention is shown and comprises a liquefied
natural gas (LNG) fuel supply system 100, a gas turbine
plant 120, and a heat recovery heat exchanger 136
interposed between the gas turbine plant 120 and the fuel
supply 100. Circulating pumps for heat exchange fluids
are not shown.

The LNG fuel supply system 10 comprises a supply tank
112, a pump 114 and a regasifier/chiller 116.

Natural gas from the regasifier/chiller 116 flows to
the gas turbine plant 120 and to other power plants and/or
to a natural gas distribution system. The gas turbine
plant comprises an alr intake duct 122, a heat exchanger
124 received therein and a downstream water and
particulate filter 126 upstream of an air compressor 128.

wWater from the regasifier/chiller 116 in the LNG fuel
supply system 100 flows through the heat exchanger 124.
The intake air flows across the heat exchanger and is
cooled and densified. The cooled densified air flows into
the air compressor 128.

A combuster 130 receives the intake air from the air
compressor 128, mixes it with the natural gas from the
regasifier/chiller 116 and delivers the hot combustion
gases to the gas turbine 132.

The combustion gases drive the gas turbine 132 and an
associated generator 134. Preferably, the air compressor
128, gas turbine 132 and generator 134 are mounted on the
same drive shaft.

The exhaust gas from the gas turbine 132 flows
through the heat recovery heat exchanger 136. The heat
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exchange fluid flows from the heat exchanger 124, through
a coil 138 and then into the regasifier/chiller 116 via a
buffer tank 150.

The heat exchange fluid (warm water) flows into the
buffer tank 150 which acts as a "fly-wheel", from which
the heat exchange fluid is pumped to the
regasifier/chiller 116. The fluid in the buffer tank 150
can also be used in any other place where "low grade"
heat, about 95°F or lower, is required. Standby heaters
(not shown) can be used to keep the water warm enough to
provide the required heat if it is not available from the
heat recovery heat exchanger.

Referring to Fig. 3, in an alternative embodiment of
the systems shown in Fig. 1 and Fig. 2, the
regasifier/chiller 16 (116) is modified for icing
conditions on the heat exchange fluid side. This is
particularly desirable where water and not a water/glycol
mixture is used as the heat exchange fluid. Specifically,
warm flulid at about 95°F from the buffer tank 50 (150)
flows through a heat exchanger 160, is chilled to about
35°F and flows through the air intake duct 22 (122). A
water/glycol mixture is pumped through the heat exchanger
160 and the regasifier/chiller 14 (114) in a closed loop,
by a pump 162, to cool the warm fluid. The regasified LNG
from the supply 12 (112) flows through the regasifier
chiller 14 (114) and into the combuster 30 (130) at about
45°F.

For both embodiments of the invention, the flow of
the heat exchange fluid is within a closed loop.

The heat exchange fluid is preferably a water/glycol
mixture to avoid the potential for freezing pure water in
the LNG fuel supply system. The water/glycol ratio can
vary between 4:1 to 1l:1.

The heat exchange fluid which is used to regasify the
LNG 1s chilled by the LNG to a low temperature, e.g. 35°F,
and returned to the gas turbine plant to precool the
turbine combustion air. If the ambient air is entering
the air intake duct at a temperature of between 60°F to
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100°F the energy and material balances of the systems of

Figs. 1 and 2 are controlled to reduce the temperature
intake air to between about 40 to 60°F.

The regasifier/chillers (heat exchangers) in the LNG
5 regasification systems are counter-current and use a
minimum approach temperature of 25°F. The wall
temperature at the cold end is somewhat below 32°F and a
thin layer of ice will reduce the transfer coefficient
enough to raise the outside of the ice to 32°F.

10 The temperatures of the fluid streams for the LNG
regasifier/ chiller where water/glycol is used would be as

follows:
water/glycol in 95°F
water/glycol out 35°F
15 LNG in -260°F
natural gas out 45°F

The temperatures of the fluid streams for the LNG
regasifier/ chiller where water is used would be as
20 follows:

water in O5°F
water out 35°F
LNG in ~-260°F
natural gas out 45°F

25

The heat exchanger fluid temperature out of the
regasifier/chillers is controlled by modulating a control
valve (not shown) on the outlet stream thereby reducing
the fluid flow rate as the available refrigeration

30 decreases, i.e. the LNG flow rate decreases.

The heat exchange fiuid which is chilled in the
regasifier/ chiller is used primarily for precooling the
combustion air for the gas turbine. The chilled fluid can
also be used for various plant cooling duties, including

35 any place where "low grade" refrigeration, e.g. 35% or
higher, is required.
The LNG fuel supply system can provide large
quantities of refrigeration for the plants cooling as well
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as for internal cooling. Conversely the plants can
provide large quantities of heat to the LNG fuel supply
system with no decrease in the plants performance. The
heat exchanger fluid circulating between the plants and
the LNG fuel supply system makes this possible.

The foregoing description has been limited to a
specific embodiment of the invention. It will be
apparent, however, that variations and modifications can
be made to the invention, with the attainment of some or
all of the advantages of the invention. Therefore, it is
the object of the appended claims to cover all such
variations and modifications as come within the true
spirit and scope of the invention.

What is now claimed is:
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CLAIMS,

1. A method for enhancing the capacity and efficiency
of a gas turbine plant which comprises:

flowing LNG into a regasifier/chiller;

flowing a heat exchange fluid into the |
regasifier/chiller to regasify the LNG and to chill the heat
exchange fluid; |

flowing the chilled heat exchange fluid through a
heat exchange zone through which zone flows the intake air
for an alr compressor 1in the gas turbine plant, the heat
exchange fluid cooling and densifying the intake air;

flowing the heat exchange fluid from the heat
exchange zone through a heat recovery heat exchanger to warm
the heat exchange fluid;

flowing the heat exchange fluid from the heat
recovery heat exchanger back to the regasifier/chiller;

flowing the regasified LNG to a combuster in the
gas turbine plant;

mixing the cooled densified air with the
regasified LNG in the combuster to generate hot combustion
gases;

flowing the hot combustion gases to a turbine in
the gas turbine plant to drive the turbine; and

discharging hot exhaust gases from the turbine and

flowing the hot exhaust gas, without heat exchange, directly

to said heat recovery heat exchanger.

2. The method of claim 1 which comprises:
placing the heat exchange fluid in indirect heat

exchange relationship with the intake air.

3. The method of c¢laim 1 wherein the heat exchange

fluid is a water/glycol mixture.
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4, A method for enhancing the capacity and efficiency
of a gas turbine plant which comprises:

flowing LNG into a regasifier/chiller;

flowing a heat exchange fluid into the
regasifier/chiller to regasify the LNG and to chill the heat
exchange fluid;

flowing the chilled heat exchange fluid through a
heat exchange zone through which zone flows the intake air
for an air compressor 1n the gas turbine plant, the heat
exchange fluid cooling and densifying the intake air;

flowing the heat exchange fluid from the heat
exchange zone through a heat recovery heat exchanger to warm
the heat exchange fluid;

flowing the heat exchange fluid from the heat
recovery heat exchanger back to the regasifier/chiller;

flowing the regasified LNG to a combuster in the
gas turbine plant;

mixing the cooled densified air with the
regasified LNG in the combuster to generate hot combustion
gases;

flowing the hot combustion gases to a turbine in
the gas turbine plant to drive the turbine; and

discharging hot exhaust gas from the turbine and
flowlng the hot exhaust gases to said heat recovery heat

exchanger, wherein the heat exchange fluid is a water/glycol

mixture and the temperature of the water/glycol mixture

entering the regasifier/chiller is approximately 95°F., the

temperature of the water/glycol mixture exiting the

regasifier/chiller is about 35°F. and the regasified LNG

exiting the regasifier/chiller is about 45°F.
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5. The method of c¢laim 4 which comprises:
improving the capacity of the combined cycle plant

in an amount of up to 9%.

6. The method of c¢laim 4 which comprises:
increasing the efficiency of the combined cycle

plant up to about 2%.

7. A LNG combined cycle plant which comprises:

a LNG fuel supply system which system 1ncludes:

a source of LNG;

a regasifier/chiller for the LNG in fluid flow
communication with the source of LNG;

a gas turbine plant which comprises:

an alr compressor;

an alr intake duct upstream of said air
COmpressor;

a heat exchanger disposed in heat exchange
relationship with the air intake duct;

a gas turbine;

a combuster ilnterposed between the alr compressor
and the gas turbine, the combuster providing the energy to
drive the gas turbine;

a generator coupled toc the gas turbine; and

means t£o exhaust the gas from the gag turbine;

a heat recovery heat exchanger downstream of the
gas turbine;

means to flow the exhaust gas from the gas
turbine, without heat exchange, directly into the heat
recovery heat exchanger;

means to flow a heat exchange fluid through the
system 1n a single continuous flow path which comprises:

means to flow the heat exchange fluid through the

regasifier/chiller to chill the heat exchange fluid;
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means to flow the heat exchange fluid from the
regasifier/chiller and through the heat exchanger in the air
intake duct to cool and density the intake air flowing
through the air duct and into the compressor;

means to flow the heat exchange fluid from the
heat exchanger and through the heat recovery heat exchanger
to warm the heat exchanger fluid; and

means to flow the heat exchange fluid from the
heat recovery heat exchanger and through the

regasifier/chiller.

8. The plant of claim 7 which includes:
means to place the heat exchange fluid in indirect

heat transfer relationship with the intake air.

9. A LNG combined cycle plant which comprises:
a LNG fuel supply system which system includes:
a source of LNG;
a regasifier/chiller for the LNG in fluid flow
communication with the source of LNG:
a gas turbine plant which comprises:
an air compressor;
an alr intake duct upstream of said air
cCompressor;

a heat exchanger disposed in heat exchange

relationship with the air intake duct;

a gas turbine;

a combuster 1interposed between the air compressor
and the gas turbine, the combuster providing the energy to
drive the gas turbine;

a generator coupled to the gas turbine; and

means to exhaust the gas from the gas turbine;

a heat recovery heat exchanger downstream of the

gas turbine;
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means to flow the exhaust gas from the gas turbine
intc the heat recovery heat exchanger;

means to flow a heat exchange fluid through the
system in a single continuous flow path which comprises:

means to flow the heat exchange fluid through the
regasifier/chiller to chill the heat exchange fluid;

means to flow the heat exchange fluid from the
regasifier/chiller and through the heat exchanger in the air
intake duct to cool and densify the intake air flowing
through the air duct and into the compressor;

means to flow the heat exchange fluid from the
heat exchanger and through the heat recovery heat exchanger
to warm the heat exchanger f£luid;

means to flow the heat exchange fluid from the
heat recovery heat exchanger and through the
regasifier/chiller; and

wherein the heat exchange fluid is a primary heat
exchange fluid wherein the gasifier/chiller is a first
regasifier/chiller which comprises:

means for flowing a secondary heat exchange fluid
between a second regasifier/chiller and the first regasifier
chillexr, the first and second regasifier/chillers in fluid
flow and heat transfer relationship with one another, to

cool the primary heat exchange fluid.

10. The plant of claim 9 wherein the secondary heat

exchange fluid is a water/glycol mixture.

11. '~ The plant of c¢laim S which comprises:
means for flowing the secondary heat exchange
fluid between the first and second regasifier/chillers in a

closed loop.
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12. A method for enhancing the capacity and efficiency

of a gas turbine plant which comprises:

flowing LNG into a regasifier/chiller;

flowing a heat exchange fluid into the
regasifier/chiller to regasify the LNG and to chill the heat
exchange fluid;

flowing the chilled heat exchange fluid through a
heat exchange zone through which zone flows the intake air
for an air compressor in the gas turbine plant, the heat
exchange fluid cooling and densifying the intake air;

flowing the heat exchange fluid from the heat
exchange zone through a heat recovery heat exchanger to warm
the heat exchange fluid;

flowing the heat exchange fluid from the heat
recovery heat exchanger back to the regasifier/chiller;

flowing the regasified LNG to a combuster in the
gas turbine plant;

mixing the cooled densified air with the
regasified LNG in the combuster to generate hot combustion
gases;

flowing the hot combustion gases to a turbine in
the gas turbine plant to drive the turbine; and

discharging hot exhaust gases from the turbine and
flowing the hot exhaust gases to said heat recovery heat
exchanger,

wherein the heat exchange fluid remains in a
liquid phase throughout the flow of heat exchange fluid into
the regasifier/chiller, through the heat exchange zone, from

the heat exchange zone through the heat recovery heat

exchanger, and from the heat recovery heat exchanger back to

the regasifier/chiller.

13. A LNG combined cycle plant that comprises:
a LNG fuel supply system which system includes:
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a source oI LNG;

a regasifier/chiller for the LNG in fluid flow
communication with the source of LNG;

a gas turbine plant which comprises:

an alr compressor;

an air i1ntake duct upstream of said air
compressor;

a heat exchanger disposed 1n heat exchange
relationship with the ailr intake duct;

a gas turbine;

a combuster 1nterpcosed between the alr compressor
and the gas turbine, the combuster providing the energy to

drive the gas turbine;

a generator coupled to the gas turbine; and

means to exhaust the gas from the gas turbine;

gr—
—

a heat recovery heat exchanger downstream of the

gas turbine;
means to flow the exhaust gas from the gas turbine
into the heat recovery heat exchanger;

means to flow a heat exchange fluid i1n a ligquid

phase through the system 1n a single continuous flow path
which comprises:
means to flow the heat exchange fluid through the

regasifier/chiller to chill the heat exchange fluid;

means tCo

bd

"low the heat exchange fluid from the

regasifier/chiller and through the heat exchanger in the air
intake duct to cool and density the intake air flowing
through the alr duct and into the compressor;

means to flow the heat exchange fluid from the

heat exchanger and through the heat recovery heat exchanger

to warm the heat exchanger fluid; and
means to flow the heat exchange fluid from the
heat recovery heat exchanger and through the

regasifier/chiller.
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