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(57) Abrégée/Abstract:

A method and system of generating high pressure steam from a low pressure low energy steam Is described and comprises
providing a low pressure steam source; dividing the source into at least two streams. A first stream driving a turbine/expander
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(57) Abrege(suite)/Abstract(continued):

coupled to a steam compressor of a steam generator. The steam compressor Is fed by the second stream of the low pressure
steam source, and the mass flow rate of the first stream Is sufficient to raise the pressure of the second stream to a desired
pressure. At steady state operating conditions the first and the second stream respectively acts as the driving force for the steam
compressor and the Inlet feed to the steam compressor generating the high pressure steam. In another embodiment the steam
driven generator comprises a thermocompressor and may include an organic thermal fluid Rankine cycle.
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(57) Abstract: A method and system of generating high pressure steam from a low pressure low energy steam 1s described and

comprises providing a low pressure steam source; dividing the source into at least two streams. A first stream driving a turbine/ex-

pander coupled to a steam compressor of a steam generator. The steam compressor 1s fed by the second stream of the low pressure
& steam source, and the mass flow rate of the first stream 1s sufficient to raise the pressure of the second stream to a desired pressure.
At steady state operating conditions the first and the second stream respectively acts as the driving force for the steam compressor
and the mlet feed to the steam compressor generating the high pressure steam. In another embodiment the steam driven generator
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METHOD AND SYSTEM FOR GENERATING HIGH PRESSURE STEAM
FIELD OF THE INVENTION

The present 1invention relates to the generation of high

pressure steam.
BACKGROUND ART

Today’'s process 1ndustries are being asked to be more
cost and energy efficient and many are looking with
increasing 1interest towards saving energy. These energy
savings usually produce greener and more cost effective

plants.

some 1ndustries operate energy intensive processes or
exothermic processes that generate a substantial amount of
low grade steam during steady state operating conditions.
This low grade and low pressure steam produced is used for
low-value work such as, but not limited to, warming cold
water streams but has generally been vented to atmosphere or
condensed. However, within these same plants, some high
temperature processes still require high pressure steam of
250 psig or more that is produced by dedicated high pressure
steam boilers. In the past low pressure steam has been

equated with low energy value.

In the past electric vapor recompression of low

ain

pressure steam has been used to generate high pressure steam

from a low pressure steam source.

SUMMARY

The present invention concerns a method and a system
where a low pressure steam source produces high pressure
steam by compression of the 1low pressure steam, and

substantially free of any electrical input or other external
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energy source when operating at steady-state conditions.
The low pressure steam source serves as both the source of
the high pressure steam and as the energy driver generating
the high pressure steam. The present invention uses the low
energy from a low pressure steam source that was thought to

have little wvalue.

Therefore 1n one aspect of the present invention there
1s provided a method of generating high pressure steam at a
desired flowrate and a desired pressure from a low pressure
steam source, the method comprising: providing the low
pressure steam source, dividing the low pressure steam
source 1into at least a first stream and a second stream,
coupling the first stream to drive an expander/turbine, the

expander/turbine linked to and driving a steam compressor of

a steam generator, and feeding the second stream to the
steam compressor wherein the steam compressor generating the
high pressure steam, wherein the first stream has a mass

flow rate sufficient to generate the energy required to

ralse the pressure of the second stream to the desired
pressure, and wherein at steady-state operating conditions
the steam generator the low pressure steam source acts as a

driving force and steam input for generating the high

pressure steam.

Therefore 1n another aspect of the present invention
there is provided a system for generating a high pressure
steam comprising a low pressure steam source divided into at
least a first stream and a second stream, and a steam
geénerator comprising a turbine/expander and a steam
compressor driven by the turbine/expander, wherein the first
stream 1s coupled to the turbine/expander driving the
compressor, and the second stream 1is the input of the
compressor, and wherein the first stream has a first mass

flowrate and second stream has a second mass flowrate,
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wherein the first mass flowrate 1s sufficient to raise the
steam pressure of the second mass flowrate to that of the

high pressure steam.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference wilill now be made to the accompanying
drawings, showing by way of illustration a particular

embodiment of the present invention and in which:

Fig. 1 1s a process flow diagram of a high pressure
steam generating system produced by a high pressure boiler

(PRIOR ART) ;

Fig. 2 1s a process flow diagram of a high pressure
steam generating system that i1s produced at least in part by

low pressure vapour recompression using an electrically

driven compressor (PRIOR ART) ;

Fig. 3 1s a process flow diagram of a high pressure
steam generating system according to one embodiment of the

present invention;

Fig. 4 1s a process flow diagram of a high pressure

steam generating system according to another embodiment of

the present invention;

Fig. 5 1s a process flow diagram of the high pressure
steam generating system according to a further embodiment of

the present 1invention comprising an organic Rankine Cycle;

and

Fig. 6 1is a Temperature vs. Entropy diagram of the

Organic Rankine Cycle of Fig. 5.
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DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

Referring now to the drawings, Fig.l represents a prior

art system found in an existing process plant where high

pressure steam of at least 250 psig 1s produced. The

abbreviation “psig” 1s defined as: pounds per square inch

gauge. The skilled person would understand that “psig” can
be converted to “psia”, pounds per square 1inch absolute by

adding the 14.7 psi to the value of pressure in “psig”.

The high pressure steam system 1 includes various
components such as, at least one high pressure boiler 50.

The boiler 50 1s connected to a high pressure header 60 by

at least one high pressure feed 1line or pipe 52. The high

pressure steam header 60 1s connected to the process units
or users 70 1n the plant by one or more steam lines or pipes
represented by 72. Although only one pipe 1s represented by
line 72 it 1s understood to represent numerous possible feed

pipes, each transferring high pressure steam to the various

users 70 1n the plant.

The flow diagram of Fig. 1 includes a low pressure
steam system 5 that 1includes a low pressure steam generator
10 connected to a low pressure steam header 20 by at least

one process line or pipe 12. Any type of low pressure steam

generator 10 may be envisaged that includes but 1is not

limited to a qguick-steam generator as described in
PCT/CA2007/00874 and herein incorporated by reference.

Pipes represented by 32 transfer the low pressure steam to

various process users 30 in a process plant. In the process
plants of the prior art there are also numerous low pressure
steam vent pipes 42 used to discharge low pressure steam at
any one oOf numerous vents 40 or steam condenser. These

vents 40 although illustrated as deriving directly from the

low pressure header 20, may also be found downstream of any
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one of the wvarious process users 30 after use. A vent is
also understood to be a heat sink. Although not illustrated
in Fig. 1, vent pipes 42 may include a pressure regulating

means such as a pressure regulating valve or steam trap.

In some process plants, the low pressure steam users 30
steam demand is lower than the low pressure steam producer
10. Furthermore, the high pressure steam from the header 60
(0r other users 70) may have their pressure stepped down by
means of a pressure regulating valve 80. In this way low
pressure steam 1s provided to system 5 at higher

tcemperature.

Fig. 2 represents a further development known in the
prioxr art that includes electrical vapor/steam
recompression. The high pressure steam system 101 of Fig. 2
may further 1include a high pressure steam boiler 150
connected to a high pressure header 160 by one or more high
pressure steam lines or pilpes 152. High pressure steam
process users 170 are connected to the high pressure steam

header 160 by one or more high pressure steam lines 172.

The low pressure steam system 105 of Fig.2 includes a
low pressure steam generator 110, connected to a low

pressure steam header 120 by one or more low pressure steam

pipes 112, There are also wvarious low pressure steam
process users 130 and wvents 140 connected to the low

pressure steam header 120 respectively by pipes 132 and 142.

The system of Fig. 2 may also include steam pressure
reducing valve 180 that reduces the pressure of the high

pressure steam Lo generate low pressure steam.

The steam system of Fig. 2 also includes a compressor
190 that 1s operated by an electric motor 191. The

compressor 190 1s fed low pressure steam via an inlet pipe
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192. The compressor 190 increases the steam pressure from
the low pressure of header 120 to the high pressure of the

steam header 160. The compressor will increase the steam

198. If cooling water 198 is added, the flow rate of the

that of the high pressure steam header 160. The optional
addition of cooling water 198 at the outlet of the
compressor 190 1s typically, in the form of a fine mist or
spray. The steam compressor 190 may also be a multi-stage
compressor, where steam cooling in the form of heat exXchange
or direct water spray addition occurs between stages of
compression. The addition of water 198 is adjusted to

obtain a desired level of superheat in the high pressure

steam system 101.

It should be noted that the reference numerals of
Fig.1l, Fig. 2, Fig. 3 and Fig. 4 are similar and comparable
components all share the same last two digits, but in Fig.
2, Fi1g. 3 and Fig. 4 respectively, the reference numerals
include an introductory first digit prefix 1XX, 2XX and 3XX,
l1.e. the high pressure steam header in Figs. 2 and 4 are

respectively identified as 160 and 360.

A system generating high pressure steam according to

one embodiment of the present invention is illustrated
schematically in Fig. 3. This system includes features
found in Fig. 1 and Fig. 2. Particularly, there is a high
pressure steam system 201 that may include a high pressure
boiler 250 with at least one outlet line or pipe 252 leading
into a high pressure steam header 260. There are high
pressure steams process users 270 that are fed via high

pressure steam lines 272. High pressure steam is understood
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to be at least 35 psig and more preferably at least 400
psig. Although illustrated the high pressure steam boiler

250 1s optional to the process.

The low pressure steam system 205 includes a low
pressure steam dgenerator or source 210 that may be any type
of boiler and in a preferred embodiment is a quick-steam

generator as described in PCT/CA2007/00874 and herein

incorporated by reference. Low pressure steam is: at least
15 psig and more preferably at least 120 psig. The low

pressure steam 210 source may have low pressure steam at

vVarlious pressures.

The low pressure steam is transferred to a low pressure
header 220 via a transfer line or pipe 212 from the low

pressure steam boiler 210. This system includes numerous

various users 230 and various vents 240 fed respectively by

plpes 232 and 242. A system of generating low pressure
steam from the high pressure steam by means of a pressure

regulating valve 180 may also be present.

The system described in Fig. 3 uses a low pressure

steam source 210 more efficiently with a steam driven
generator 297. The high pressure steam generator 297
includes a steam turbine 291 coupled to and driving a steam
compressor 290. The skilled person will understand that a
turbine may be replaced by an expander that produces
substantially the same result. The low pressure steam
source 210, that is understood to be of low energy, serves
as the motive force for the steam turbine 291 at steady
state operating conditions, and is thus the main and
possibly sole energy producer. Steady state operating
conditions are understood to be ocperating conditions during

regular operation and exclude start-up and shut-off

operations.
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It should be remembered that the low pressure steam
source 210 may be one or more simllar low pressure sources,
possibly at different pressures that may be combined into a
header 220 or vessel. Ideally, the 1low pressure steam
source 210 1s divided 1into at least two streams 292 and 294.
A first stream 294 couples to and serves as a driving force
used to propel the steam turbine/expander 291. A second low
pressure steam stream 292 1s the feed input that will go to
produce high pressure steam at the desired pressure, and 1is

fed to the i1nlet of the steam compressor 290.

The steam turbine 291 1s designed to take an 1inlet
steam flowrate from pipe 294 that 1s usually at least half

of the 1nlet flow rate from pipe 292 1into the steam

compressor 290. The mass flow rate through the steam
turbine 291 1s at least 0.5 times that of the mass flow rate
through the steam compressor 290, Preferably, the mass flow
rate through the steam turbine 291 is at least 0.75 times
that of the mass flow rate through the steam compressor 290.
Most preferably, the mass flow rate through the steam
turbine 291 1s at least 1.0 times that of the mass flow rate
through the steam compressor 290. The system and method
presented 1n Fig. 3 takes advantage not only of the pressure
of the low pressure steam but of the mass flow rate of the
low pressure steam source 210 to move the steam turbine 291

coupled to the steam compressor 290.

It should be noted that Dbecause of internal steam
decompression and the relatively high internal steam flow

rate, the steam turbine 291 will typically be a larger unit
than the steam compressor 290. The compressor 290 may over
heat the outlet steam 293, and could regquire the addition of
cooling water 298. If cooling water 298 is added, it 1is
added at a flow rate that reduces the temperature of the

steam leaving the compressor 290 in outlet 293 to that of
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the high pressure steam header 260. The addition of cooling
water 298 at the outlet of the compressor 290 1s optional,

and 1s typically in the form of a fine spray. The steam

compressor 290 may be a multi-stage compressor where cooling

water 298 may be added as a fine spray between compression
stages. Thils arrangement reduces the temperature after the

first stage of compressor 290 and helps to reduce cost by

minimizing higher temperature alloy material required for
the compressor 290. In a preferred embodiment the steam
compressor 290 1s a multi-stage steam compressor and more

preferably 1s a two-stage steam compressor.

Where the 1nlet low pressure stream 294 to the steam
turbine 291 has a mass flowrate of 20 klbs/hr, and an inlet
pressure of 200 psia that 1s allowed to fall to 15 psia
within the turbine, 850 BTU/sec are transferred. Under
these conditions, the steam compressor 290 can produce high
pressure steam streams 298 at wvarious flowrates and various

pressures. Three possible scenarios are presented below in

Table 1.
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Table 1

For a steam turbine with 20 klbs/hr at 200 psia at the
inlet and falling to 15 psia at the outlet the turbine, the

following high pressure steam scenarios can be conceived:

Compressor

Inlet Steam

Mass Flowrate

Compressor

Inlet steam

Pressure (psia)

Compressor
Outlet Steam

Pressure (psia)

(klbs/hr)
Compressor 1 18 200 861
Compressor 2 40 200 381
Compressor 3 60 200 2977

Fig. 5 1includes an organic Rankine cycle system 500,
that also uses the value and the quantity of low pressure

steam to produce high pressure steam.

refrigerant,

hydrocarbons, organic

ammonilia-water mixture.

Instead of using the thermal energy of steam directly, the
steam 1s used to boil

fluid.

(and optionally superheat) the thermal

The thermal fluid operates at a high pressure and
high gas density (higher pressure than the steam that is

being used as the energy steam).

The organic Rankine cycle (ORC) system 500 illustrated

in Fig. 5 replaces the steam turbine illustrated in Fig. 3

with a closed loop system where the thermal fluid passes

from liquid to vapour and back. ORCs have a very low

energy-to-power conversion efficiency and as such are rarely



CA 02771812 2012-02-22
WO 2011/022810 PCT/CA2010/001261

- 11 -

considered for all but geothermal application. The
efficiency is typically under 15% compared to modern power
plants with +50% efficiencies. However, the goal here is not
to efficiently recover energy but to extract the small
amount of energy required to contact low-value steam to

high-value steam.

The system 500 includes the various elements disclosed
previously particularly there is a high pressure steam
system 401 that may include a high pressure boiler 450 with
at least one outlet line or pipe 452 leading into a high
pressure steam header 460. There are high pressure steams
process users 470 that are fed via high pressure steam lines
272 . High pressure steam is understood to be at least 35
psig and more preferably at least 400 psig. Although
1llustrated the high pressure steam boiler 450 is understood
to be optional to the process. The low pressure steam
system 405 includes a low pressure steam generator or source
410 that may be any type of boiler and at least one line 412
Lo a low pressure steam header 420. The system 500 will
also typically include low pressure users 430 via lines 432,
and low pressure vents and line 440 and 442. The system may
also 1nclude a control valve 480 between the high pressure
header 460 and the low pressure header 420 that can be used

CLO regulate the amount of steam in both headers.

F1g. 5 includes a Organic Rankine Cycle (ORC) 500 that
includes a thermal fluid 1loop that drives the steam
compressor 4350. In Fig. 5, the high pressure generator 497
comprises a steam compressor 490 mechanically linked to a
turbine (or expander) 491 that operates with the thermal
fluid. As in previous embodiments, the compressor converts

low pressure steam to high pressure steam, and may be a two-

stage steam compressor.



CA 02771812 2012-02-22
WO 2011/022810 PCT/CA2010/001261

- 12 -

At the outlet of turbine 491, there 1s stream 502 that
1s vaporized thermal fluid. The stream 502 may optionally
be cooled 1in a heat exchanger 510 where a cooling medium 505
enters the heat exchanger via sgtream 504 and leaves via
stream 506. The cooling medium 505 may be water although
other alternatives are also possible, and will be further

discussed.

The thermal fluid leaves the heat exchanger via stream
512 before entering a condenser 520. As the name suggests
the condenser 520 takes the cooler vapour from the heat
exchanger 510 and condenses 1t to a liguid state. The
condenser may be of any type and a fan condenser may be used
where as 1s the cooling medium. The condenser cooling fluid
526 may be any suitable fluid and in generally water. The
condenser cooling liquid enters the condenser via line 527

and exlits via line 528.

The cooled thermal fluid stream 522 from the outlet of
the condenser 520 1s transferred to the inlet of a thermal
liquid circulation pump 530. This pump 530 generates
sufficient pressure to circulate the thermal liquid through

the ORC system 500 cycle.

At the outlet 532 of the pump 530 the 1ligquid 1is
optionally transferred to a preheater 540. That may be
heated 1n a variety of ways. In one alternative there is a

preheater 540 that heats stream 532 before evaporation with

condensate stream 552 from the evaporator 550. In this case
the heating may be done with steam condensate 552 from the
evaporator. Other heating options include other heat
sources such 535 via line 544 that may be a different steam
source or posslibly a second thermal transfer fluid. In a
preferred embodiment units 510 and 540 are combined into a

single heat exchanger, where cooling stream 505 is replaced
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by stream 532. This combined heat exchanger 510/540
therefore does not require condensate 552 to preheat the

condensed thermal fluid.

The preheated thermal stream 542 enters the evaporator
550 where low pressure steam line 494 from the low pressure
steam header 420 1s used 1n an evaporator 550 to heat the
thermal fluid to wvapour, and this stream may be controlled

with a control or manual valve 499.

Here the ORC Dbegins again when the vapourized thermal
fluid at the outlet 501 of the evaporator 550 enters the
inlet of the turbine/expander 491. Thus, stream 494 1is
coupled with the turbine 491 to actuate the compressor 490.
It 1s understood that the steam at pressure lower than the

steam header 420 may also be used.

The control of the ORC of Fig. 5 may be conducted in a
variety of ways. One such method is to control the organic-
side evaporator 550 pressure by passing a varying quantity
of organic wvapors 501 into the turbine/expander 491 to
increase power to the compressor 490. This may be
accomplished with a PIC (pressure integral controller) or a

i

pressure valve and i1ncreased heat transfer The organic

level 1n the evaporator 550 1is controlled using the level

control valve 538. The steam pressure in the evaporator 550

will dictate the 1internal steam temperature in the

evaporator 550 - when more energy 1s needed, the steam-gside
of the evaporator will be set at higher pressures. The
outlet steam condensate valve 558 will open to control a
level 1in the evaporator. This valve will be modulated to

ensure that the

Y

evaporator 1s within 1ts heat absorption
capacity, where the water from the evaporator to the
preheater should be cool enough to ensure no evaporation in

the preheater 540. Preferred operation reguires that most
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oL the thermal fluilid will dry when depressurized and the
turbine 491 can have fluid at saturated conditions at the

inlet 501 without having condensation in the back-end 502.

A second control strategy for the ORC is the organic-
side evaporator 550 pressure 1is controlled by passing more
or less organic vapors to the turbine 491 that once again
lncreases power to the compressor 490. The organic level in
the evaporator 550 1s controlled using the level control
valve 538, The steam pressure 1n the evaporator 550 will
dictate the internal steam temperature in the evaporator,
when more energy 1is needed, the steam-side evaporator will
be at higher pressures. The outlet steam condensate valve
548 will open to control a 1level in the evaporator. This
valve 548 will close to ensure evaporator 550 is within its
heat absorption capacity. The water stream 552 from the
evaporator 550 to the preheater 540 should be cool enough to

ensure no evaporation 1n the preheater 540.

Fig. 6 1s a temperature vs. entropy chart of an organic
Rankine cycle for refrigerant R245fa where: between points a
and b the organic fluid is heated in an optional preheater
540 or 1n the boiler 410; between the points c-d the thermal
fluid is boiled and goes from saturated liquid to saturated

vapor; between the points d-e the vapor 1s superheated;

between e-f there i1s a decompression through a turbine 491
oY expander; between f-1 the gas leaving the

expander/turbine 491 is cooled and condensed and part of the

cooling can be used to heat the cycle between the points
a-b.

In the optional case, where heat exchanger 510 and 540
are combined the flow of the ORC is directed from the stream
522 a subcooled organic liquid at 246 BTU/lb pressurized at
15 bars (pump 530 outlet); 532 is heated in the combined
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510/540 heat exchanger with stream 542 leaving; Saturated
organic liquid at 354 BTU/lb pressurized at 15 bars (before
getting in the evaporator - with or with a preheater 510/540
the heating and boiling occurs in the evaporator 540. At
point e the fluid 1is superheated, the superheating 1is
optional set and the cycle may operate from point 4 at 500
BTU/1lb to the organic turbine inlet 501. At the point f,
represents the superheater organic fluid at 469.8 BTU/lb or
the turbine (expander) outlet 502 to optional heat exchanger
510/540. Point 1 represents a saturated fluid at 249 BTU/1lb
at the 522 condenser outlet to pump inlet. The above cycle
as the following technical attributes: High Pressure fluid
at 15.5 bars, Low Pressure fluid at 2 bars; Inlet enthalpy
of organic fluid in vapor generator 246 BTU/lb; Outlet
enthalpy of superheated gas leaving generator 500.68 BTU/lb;
and Outlet enthalpy of superheated fluid exiting expander
469 BTU/1b. The cycle represented in Fig. 6 with the
without the optional heat exchanger 510/540 is 12%.

The methods and steam generating systems represented in
Fig. 1, Fig. 2, Fig. 3 and Fig. 4, are compared in the

following description and Examples.

EXISTING REFINERY - Fig. 1

An existing refinery has a system of high pressure and

low pressure steam as 1illustrated in Fig 1. The low

pressure steam source 10, that 1s a heat recovery steam
generator, has a mass flow rate of 160 klbs/hr at a pressure
of 120 psig (klbs = 1000 1lbs) where the consumption of all
low pressure steam users 30 is a total of 100 klbs/hr. The
remaining 60 Kklbs/hr produced is vented completely in the
process at 40 or may be used to heat low temperature
streams of Fig. 1. It should be noted that in this refinery

high pressure steam 1is not normally used to produce low
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pressure steam and as such the pressure regulating valves 80

1s closed.

The required mass flow rate of high pressure steam for
the refinery 1is 20 klbs/hr at a pressure of 900 psig for
users 70. High pressure boller 50 is meeting the demand by
producing 20 klbs/hr of steam at 900 psig. The operating
cost for producing 900 psig steam via the boiler 50 1is

approximately at 10USS / klbs.

The estimated annual operating cost of the high
pressure steam boller 1n the refinery of Fig. 1 is in the

order of:

20 klbs/hr X 10 US$/klbs X 24 hr/day X 300 days/yr =
1,440,000 USS.

EXAMPLE 1 - ELECTRICAL STEAM RECOMPRESSION

If we now consider including the electrical compressor
190 1illustrated 1in Fig. 2 into the refinery of described
above, at least 14.9 klbs/hr of the low pressure steam can
be fed to an electrically driven compressor 190. The
compressor 190 that 1increases the temperature and pressure
of the low pressure steam source to the required 900 psig.
The process of Fig.2, also uses 5.1 klbs/hr of cooling water
198, that 1s added into stream 193 at the outlet of the
compressor 190. The amount of low pressure steam vented at
140 1s reduced to 45.1 klbs/hr, from the 60 klbs/hr vented
in Fig. 1 at 40. The electric compressor 190 used is a two-
stage compressor. Thus with the combined flow of 14.9
kKlbs/hr of steam and additional cooling water 198, of 5.1
klbs/hr the total of 20 klbs/hr of 900 pPs1lg steam can be

produced to meet the total high pressure needs of the plant.
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The operating cost for the electric compressor 190 1s:

939 BTU/sec X 3600 s/hr X 24 hr/day X 300 d/yr = 24,310

MMBTU/year X 293 kWh/MMBTU X 0.05 US$/kWh = or 356,000
Uss/yr.
The value of 939 BTU/sec, used 1in the previous

calculation, represents the 1deal energy flow needed from
the motor 191 to compress 14.9 Kklbs/hr of steam from 120
pslg to 900 psig.

The system of Fig. 2, saves up to 1,080,000 $US/yr for
the refinery as compared with the high pressure steam

bollers of Fig.l.

EXAMPLE 2 - LOW PRESSURE STEAM DRIVEN GENERATOR FOR 900 psig
HIGH PRESSURE STEAM PRODUCTION

This example proposes to 1include a steam driven
generator 297 1into the refinery of described above. The
process of Fig. 3 uses even more of the surplus low pressure
steam (i.e. 60 klbs/hr) than in Examples 1 and 2 above.
Here, part of the provided low pressure low energy steam
source 210 1s divided 1into two streams that are fed to the
high pressure steam driven generator 297. A first stream
294 of 25.9 klbs/hr of low pressure steam is sent to turn
the steam turbine 291 via line 294. A second stream 292
from the low pressure steam source 210 1s fed to the steam
compressor 290 via line 292. The steam turbine 291 1is
coupled to the steam compressor 290 and compresses the
14 .9klbs/hr of low pressure steam to high pressure low

energy steam at 900 psig.

The process includes an addition of 5.1 klbs/hr of
cooling water 298 after steam compression to reduce the

temperature of the steam in line 293 to that found in header
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260. Thus, the process of Fig. 3 reduces the amount of

vented low pressure steam 240 to only 19.2 klbs/hr, a

reduction of 25.9klbs/hr of steam mass flow vented when
compared to Example 1 of an electrically driven steam
compressor. The inclusion of the steam driven generator 297
that includes a low pressure low energy steam turbine 291 as
a prime mover reduces the operating cost of high pressure
steam on an annual basis to virtually =zero and saves an
additional 356,000 $US/year compared with the Example 1

describing electric vapor/steam compression.

It 1s understood that at steady-state operating

conditions the low pressure steam source 210 serves as the

sole or main greater than 50% driver or motive force for the
steam compressor 290. It 1s however understood that a
start-up conditions or when there is insufficient steam, the
steam driven generator 297 may be driven partly or wholly by

aniother prime mover such as an electric motor (not

1llustrated) .

EXAMPLE 3 - LOW PRESSURE STEAM DRIVEN GENERATOR FOR 85 psia
HIGH PRESSURE STEAM PRODUCTION

Example 3 describes a steam driven generator 297 of
described above in of Fig. 3, in a second process plant

having different process requirement and conditions.

The second process plant in Example 3, has high
préssure steam 1n a header 260 at 85 psia. The high
pressure steam user 270 has a steam flow requirement of 9.0

klbs/hr for the second process plant.

The low pressure steam source 210 produces some 86.2

klbs/hr of steam at a pressure of 45 psia. The process
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users 230 requlire 50 Xklbs/hr of low pressure steam.  The
process user 270 requires 9 klbs/hr of high pressure steam.
Without the high pressure steam driven generator 297, the
high pressure boiler 250 would supply 9 klbs/hr of steam to
the user 270.

With an excess of low pressure steam, low pressure
steam source 210 1s once again divided into two streams from
header 220 that are fed to the high pressure steam driven
generator 297. A first stream in line 294, has a mass flow
rate of 9.3 klbs/hr of low pressure steam turns the steam

o~

turbine 291. A second stream of 8.5 klbs/hr from the low

pressure steam source 210 1s fed to the steam compressor 290
via line 292. The steam turbine 291 is coupled to the steam
compressor 230 and compresses the low pressure steam to high
pressure steam at 85 psia. With low grade steam at 45 psia
and high value steam at 85 psia, the compression ratio for
compressing low grade steam to high pressure steam in this
Example 1s 1.89. The system of Example 3 does not include a

pressure regulating valve 280.

The process 1includes an addition of 0.5 klbs/hr of

cooling water 298 after steam compression to reduce the

temperature of the steam in line 293 to that found in header

260 .

In kxample 3, the compressor size is large enough to
accommodate the steam demand (i.e 9 klbs/hr). Only a
relatively small amount of power is transferred because the
compression ratio necessary for the process is small and the

energy required 1is small (45 psia to 85 psia).

With the high pressure steam driven generator 297, the
high pressure boiler 250 will supply no steam to user 270
and the estimated annual operating savings for Example 3 are

1n the order of:
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9klbs/hr X 10 USS/klbs X 24 hr/day X 300 days/yr = 648,000
Uss

EXAMPLE 4 - LOW PRESSURE STEAM DRIVEN GENERATOR FOR 85 psia
HIGH PRESSURE STEAM PRODUCTION INCLUDING A THERMOCOMPRESSOR

Fig 4 1llustrates a further embodiment of the present
invention and includes a steam driven generator 397

comprising a thermocompressor 396.

The process conditions for Example 4 are those of the
second process plant, previously described in Example 3. 1In
ExXample 4, the low pressure source 310 produces 86.2 klbs/hr
of steam at 45 psia that enters header 320 via line(s) 312.
The low pressure process users 330 via line(s) 332 require

50 klbs/hr, and the vented low pressure steam 340 via line

342 is 10 klbs/hr.

The required high pressure steam in header 360 is at a
pressure of 85 psia, at a mass flow rate requirement is 9

kKlbs/hr via line(s) 372 to process users 370. Once again the

overall compression ratio is 1.88.

The steam driven generator 397 includes at least three

components: a steam turbine 391, a steam compressor 390 and

a thermocompressor 396.

The low pressure steam source 310 is divided in Example
4 1nto three streams that are fed to the high pressure steam
driven generator 397. A first stream of 9.3 klbs/hr of low
pressure steam 1s sent to turn the steam turbine 391 via
line 394. A second stream of 5 klbs/hr from the low

pressure steam source 310 1s fed to the steam compressor 290

via line 392.

Example 4 includes a third stream 396a at a flow rate of 4

klbs/hr that is fed to the thermocompressor 396.
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The steam turbine 391 1s coupled to the steam
compressor 390 and compresses the low pressure steam toO
higher pressure steam of 138 psia. The outlet stream 393
from the compressor 390 serves as the motive steam for the
thermocompressor 396 that draws and mixes with low energy
steam from stream 396a 1nto the thermocompressor. The sum
of the outlet stream 393 and the inlet stream 396a will meet
the required 9 klbs/hr of 85 psia high pressure steam that

18 transferred to the header 360 via line 399.

Thus, the steam compressor 390 of the steam driven
generator 397 produces steam at a higher pressure steam than
that 1n header 360. This higher pressure steam stream 393
has a smaller mass flow rate when compared to the overall
high pressure steam requirement of users 370. The higher
pressure steam entralns a low pressure stream 396a into the
thermocompressor and 1n doing so increases the generator 397
overall compression capacity. The steam compressor 390 is
therefore smaller and less costly than the steam compressor
290 of Example 3 and affords a further capital cost benefit

to Example 4.

In Example 4, the compressor size 1s smaller than that

of Example 3 but accommodates the steam demand (9 kpph) of

the second process plant. The steam driven generator 397

having a combination of turbine 391, compressor 390 and

thermocompressor 396 allows for a further reduction in
capital cost of at least 20% where, instead of compressing
all of the steam, the steam flow to the compressor 390
represents only a portion of the low pressure steam that is
compressed and feeds 1line 399. The capital cost of the
steam driven generator 397 of Example 4 are approximately
20% to 35% less than the steam driven generator 297 of
Example 3. The larger capital costs savings occur are lower

compression ratios around 1.2.
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The embodiments of the invention described above are
intended to be exemplary. Those skilled in the art will
therefore appreciate that the foregoing description is
1llustrative only, and that various alternate configurations
and modifications can be devised without departing from the
spirit of the present invention. Accordingly, the present
invention 1is intended to embrace all such alternate
configurations, modifications and variances which fall

within the scope of the appended claims.
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CLATMS:

1. A method of generating high pressure steam at a desired

flowrate and a desired pressure from a low pressure steam

source, the method comprising:
providing the low pressure steam source,

dividing the low pressure steam source into at least a

first stream and a second stream,

coupling the first stream to drive a turbine, the
turbine linked to and driving a steam compressor of a

steam generator, and

feeding the second stream to the steam compressor
wherein the steam compressor generating the high

pressure gsteam,

wherein the first stream has a mass flow rate

sufficient to raise the pressure of the second stream to the

desired pressure, and

wherein at steady-state operating conditions the steam
geénerator the low pressure steam source acts as a driving

force and steam input for generating the high pressure

steam.

2. The method of claim 1, wherein the steam compressor is

at least a two-stage steam compressor.

3. The method of claim 1 or 2, wherein the low pressure

steam source may be made up of several low pressure steam

SOUrces.

4. The method of any one of claims 1 to 3, wherein the low

preéssure steam source 1s produced by a quick-steam boiler.
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5. The method of any one of <c¢laims 1 to 4, further
comprilising adding water to the high pressure steam to obtain
the high pressure steam stream at the desired 1level of

superheat.

6 . The method of any one of c¢laims 1 to 4, wherein

coupling the first stream to the turbine comprises

feeding the first stream to the turbine to drive the

compressor.

7. The method of any one of c¢laims 1 to 4, wherein

coupling the first stream to the turbine comprises
feeding the first stream to an evaporator,
vaporizing a thermal fluid within the evaporator,

feeding the vaporized thermal fluid to the turbine to

drive the compressor.
8 . The method of claim 7, further comprising

recirculating the thermal fluid to a condenser,

condensing the thermal fluid to liquid,

pumping the condensed thermal fluid to the evaporator.

9. A system for generating a high pressure steam

comprising

a low pressure steam source divided into at least a

first stream and a second stream, and
a steam generator comprising

a turbine/expander and

a steam compressor driven by the turbine/expander,
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wherein the first stream 1S coupled Lo the
turbine/expander driving the compressor, and the second

stream 1is the input of the compressor, and

wherein the first stream has a first mass flowrate and
second stream has a second mass flowrate, wherein the first

mass flowrate 1s sufficient to raise the steam pressure of

the second mass flowrate to that of the high pressure steam.

10. The system of claim 9, wherein the steam compressor is

at least a two-stage steam compressor.

11. The system of c¢laim 9 or 10, further comprising a

quick-steam generator.

12. The system of any one of claims 9 to 11, further
comprising several low pressure steam sources connected to

the low pressure source.

13. The system of any one of claims 9 to 12, further

comprising a water source at the outlet of the high pressure

steam compressor.

14. The system of any one of claims 9 to 13, wherein the
first stream is coupled to the turbine through an evaporator

feeding a vaporized thermal fluid to the turbine to drive

the compressor.
15. The system of claim 14, further comprising

a thermal fluid condenser connected to the outlet of

the turbine,

& pump connected to the condenser returning the thermal

fluid to the evaporator.
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16. The method of c¢laim 1, wherein the steam generator
comprises a thermocompressor, using the high pressure steam

from the steam compressor as a motive force.

17. The system of claim 9, wherein the steam generator
comprises a thermocompressor using high pressure steam from

the steam compressor as a motive force.
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