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METHOD FOR PRODUCING CLEAN ENERGY FROM COAL

Backeround of the lmvention

This application 15 a further development of the apphcant's 1ssued patent No
5 063,732 which discloses a method for repowering existing electric power plants
while co-producing a clean hquid fuel, 1t also discloses that coal 15 first pyrolvzed to
produce a rich gas which 1s cleaned and then synthesized to a hquid and a char
which 15 gasified to make a low Btu gas that 1s also cleaned and then used 10

generate eleciricity, this development resides 1n improving the referenced method as

follows
° Reduction of the great mumber of piocess tubes (reactors) wlich
reduces capital mnverunent to make 1t economically viable
° Elimination of the complex charging system which comprises a
revolving means to make 1t easy to maintain
° Improving the heatmg of the charge to mcrease efficiency
° Insuring that the ga<es produced in the process reactor flow in the
proper direction to cause the cracking of undesirable cancer causing
constituents of the coal
° Blowing the char gasifer m 2 down drafi direction to overcome the
excessive entramny nt of particulate matter 1n the low Btu gas
° Preventing the plngging of the slagging port of the gasifier 1o obtain
the free flow of slag out of the gasifier
o Mitigating the coolmg effect of the slag quench to prevent the
premature solidification of the molten slag befoie 1t 1s quenched
Introduction

Of the three major fossil energy 1esources found m Nature, which consist of
o1l natural gas and coal, 90% 15 coal, yet, we aie unable to use coal in an
environmentally acceptable manner This mvention which 1s environmentally
closed, operated at pressure and devoid of coal derived cancer causing agents,
makes possible the use of coal mn a clean, efficientiand economical manner Smce

coal 1s essentially an energy ore, thas impurities the same as any other ore These
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impurities comprise ash, sulfur and cancer causing disuliates and hydrocaibons

whuch are chermucally bound in the volaule matter of the coal

Objectives of the Invention
The main object of the present mvention resides 1n the processmg of coal

which 1s considered to be a dirty fuel, to produce clean energy from 1t and enable
manhund to utilize this abundant and affordable natural resource

Another object of the present mvention 1s fo process the coal under pressuie 10
wncrease efficiency and mumnize capital investment by providing a module that 1s
large enough 1n s1ze and yet easy t» heat under reducing conditions

Still anothe: object of the invention 1s to produce thermal energy 1n the form of
clean gases from coal

Yet another object of this mvention 1s to apply 1t 1o existing coal burming
electric power planis to render them clean and efficient and give them a new iease
on life thus saving capital investment of major proportions

Therefore another object of the present invention resides 1n the recoverv of
hydrogen rich gas from the coal that can be converted 1o value added liquid fuels via
synthesis as alternate to petroleum for transportation and heating

Further another object of the present invention 1s to produce from coal a clean
low Btu gas (lean gas) that produ: es low NO,, when combusted, which 1s capable of
generating power more efficientlv while flowing through a gas turbine by virtue of
its large mass

Also another object of the rresent invention 1s to co-produce m a closed system
anich gas fiom the volatile matter of the coal which 15 tugh 1n hydrogen content for
synthes:s mto hquids and chemcals, and a lean gas from the residual char for use as
a fuel for generating electric power or for heating purposes

Further yet another object of the present mvention 1s to produce carbon from
coal which can be used as a coke or activated carbon

These and other objects of the present invention will become more apparent to
those skilled m the art 10 which this mvenuon pertains and from the following
description and appended claims Reference 1s now made to the accompanving
drawings formung a part of thus specification It 15 to be noted that the embodiments

shown heremn are for the purpose of description and not limitation
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Bnef Descrintion of Drawines

Figure [ 1llustrates the method by means of a process flow diagram which by
way of example 1s applied for co-production

Figure 2 shows equipment to carry out the method

Figure 3 15 a section raken ai 3-3 of Figure 2

Figure 4 1s an 1illustration shoving another vatianon of the equipment shown m
Figure 2 which relates to heatmg of the coal and the discharging of the lean gas and
molten slag

Figure 5 1s a section taken at 5 5 of Figure 4

Figure 6 15 an enlargement of a portion of Figure 4 showing an alternate

approach for the separanon of the gas from the molten slag than that shown 1n Figure

2

Before proceeding with the detailed description of the mvention by makmg use
of the drawmgs 1t 1s to be noted that for the sake of clanty, reference will be made

with numerals to represent various components

Detailed Description of the Drawings

™ Reference 1s made to Figure 1 which 1s 2 process flow diagram that 1llustrates
the processing of coal to coproduce - (1) a rich gas which 1s cleaned and synthesized
10 a hqmid fuel such as methanol, diesel fuel, gasohine or a chemical, and (u1) a fean
gas which 15 cleaned and used as fut | to generate electric power or provide thermal
energy for heating Numeral 10 rep-esents a reactor chamber i which the coal 15
heated to produce a raw rich gas and a hot char Numeral 11 represents the gasifier
which converts the hot char to a raw lean gas Numeral 12 represents the cleanup for
the raw rich gas and numeral 13 the cleanup for the raw lean gas Numeral 14
represents the coal dryer which recerves coal from bunker 19, 1t 15 followed by surge
hopper 15 and lockhopper 16 Beneath lockhoppe: 16, feeder 17 1s disposed for
flow contro] of the coal A coal charger denoted by numeral 18 force feeds the coal
mto reactor 10 Bumner 20 1s used for start-up and may be used as an auaihary
source of heat Onygen and steam are mjected from a gas craching compartment at
the discharging end of reactor 10, which 1s denoted by numeral 21 Cracking
compartment 21 possesses a radiant zone 1n order 1o radiate thermal energy against

the coal and char emerging from the discharging end of reactor 10
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Gasihier 11 15 equipped with mlet port 22 and exit port 2» Inlet port 22 senves
for the ijection of an oxidant which preferably 1s preheated air and ean port 23
serves for the discharge of the raw lean gas and molten slag Beneath porn 23
separator 24 1s disposed which serves the dual purpose for the disengagement of the
raw lean gas from the molten slag produced mn gasifer 11, and for the quenching of
the slag Lockhopper 25 1s used to remove the quenched slag without loss of svstem
pressure A first cyclone depoted by numeral 26 1s provided to remove dust from the
raw lean gas

Downstream of rich gas cleanupl2, cooler 27 is provided prior to feeding the
cleaned nch gas to the synthesis plant for making a chenuical or a iquad fuel such as
methanol, gasoline or diesel and the lLike as an alternate to petioleum, which 1s
represented by numeral 28 Downstream of lean gas cleanup 13 a second cyclone
denoted by numeral 29, 1s provided as a polishing bed and downstream of cvclone
29, air pre-heater 30 and cooler 31 are situated Beyond cooler 31 an activated
carbon bed/pressurized baghouse aenoted by numeral 32, 15 disposed The raw lean
gas after having been cleaned 1s dwected as a cleaned lean gas, to a station such as an
electnic power house, a heating plant, an industrial furnace facility, etc , which 1s
represented by numeral 33

Referming to Figure 2, pumeral 10 1s the reactor for processing the coal and
numeral 11 1s the gasifier for conwt rting the char mto gas and the ash into slag
Reactor 10 possesses a chargimg end denoted by numeral 34 and a discharging end
denoted by numeral 35 Extending beyond discharging end 35 a gas cracking
compartment denoted by numeral '1, 1s provided, it 1s equipped with a downcomer
denoted by numeral 37 which serves 1o interconnect reactor 10 to gasifier 11 One
end of cracking compartment 21 1s open and connects to discharging end 35 of
reacior 10 by means of flange connection 38, and the othe1 end of comparmment 2] 1s
closed and serves as the radiauon wall, denoted by numeral 39, through which the
penetration of lance 40 takes place Lance 40 which can be advanced or retracied
serves for the mjection of oxidant such as air or oaygen, and possibly stearn when
producing nich gas relatively pure oxygen 1s mjecied Lance 40 may also be
equipped to mnject an oaygen fuel combination to increase the energy mput mto
compartment 21 To raise the H, content of the gas some steam may be added to the

oxygen, thus being done when making syngas for the ptoduction of liquid fueis A
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pluraiity of lances such as lance 4/), may be used fo1 a laige diameter reactor and m
so domg, a mamfold denoted by numeral 41 1s provided with mlet port 42 for the
oxygen and 1nlet port 43 for the stz=am By way of example penetration ponts 1o
wall 39 by lances 40 are shown 1 Figure 3 An exit port denoted by numeral 44 15
provided to crackmg compartment 21 for the exhaust of the crached rich gas, which
commumecates with gas pipe 43, a pressure valve denoted by numeral 46 1s disposed
to pipe 45 to control the back pressure in craching compartment 21 The
continuation of pipe 45 (not shown, but indicated bv the duectional arrow) ties to
rich gas cleanup 12 shown n Figure 1

Gastfier 11 which 1s connected via downcomer 37 to compartment 21 15 4
shaft type vessel made up of pressure shell 47, lining 48, top 49 and bottom 50
Penetrations through shell 47 and liung 48 are provided to accommodate mlet ports
22 for the mtroduction of an oxidant preferably in the form of pre-heated air for the
conversion of the hot char to a raw lean gas and the ash 1n the char to a molten
vitreous slag Relatively pure oaygen and steam may replace the air if the carbon
content of the hot char 15 to be converted to a syngas Flow control means, denoted
by numeral 51 are provided for the control of the air mto gasifier 11 Air may be
introduced at different levels of gasifier 11 Bottom 50 of gasifier 11 1s configured
1n such a way to preferably slope towards exit port 23 which 15 equipped with
piercing lances 52 and 53 that are adapted to use a gas such as oxygen to keep
honzontal passage 54 and vertical passage 35 of exit port 23 open to nsure the free
flow of gas and molten slag out of rasifier 11

Separator 24 located below ext port 23, 18 a pressure vessel divided nio two
parts - An upper part denoted by numeral 56 and a lower part denoted by numeral
37 Upper part 56 comprses disengagement zone 58 which 1s equipped with a
discharge slag nozzle 59 and gas exit port 60 Lower part 57 comprses slag
quenching pool 61 which 1s supphed with water, and surge hopper 62 Isolation
valve 63 connects surge hopper 62 to lockhopper 2> which 1s equipped at the bottom
with valve 64 1n order to remove the quenched slag from the process without losing
system pressure by mamtamng valve 63 closed and valve 64 open aunng the
discharge of the quenched slag into sump 85

Gas ex1t port 60 commumnicates with cvclone 26 via header 65 which directs the

separated gas to cyclone 26 Cyclone 26 15 equipped at the bottom with surge
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hopper 66 wiuch mn turn 1= connecied io lochkhopper 67 1solation valves 68 and 69
permit lockhopper 67 to discharge particulate matter into coliection box 70 which 1s
open to the atmosphere without loss of svstem pressure Cyclone 26 18 equipped
with eart gas main 71 to direct the lean gas for further wreaument Pressure control
valve 72 serves to control the bacl pressure 1n gasifier 11 The continuation of gas
main 7} (not shown but indicated by the directional arrow ) ues to lean gas cleanup
13 shown 1n Figure 1

Refernng to Figure 4 and supported by Figure 5 for additional detail, reactor 10
15 sumular to reactor 10 shown 1n Figure 2 with certamn modifications Reactor 10 m
Figure 4 possesses burner 20 leading to milet port 73 via duct 74 for the flow of hot
flue gases to a heating element denoted by numeral 75 which parually heats the coal
mduectly and circumferencially bv conducuion, wath the flue gases flowing through
flues 76 (shown mn Figure 5) and exiting from outlet port 77 An insulatng matenal
denoted by numeral 78 1s disposed between heating element 75 and pressure shell
79, the coal mass within reactor 10 being shown by numeral 80 Both reactors
shown m Figures 2 and 4, are provided with a taper to diverge from charging end 34
to discharging end 335 to facilitate the movement of the coal within reactor 10 as 1t 1s
force fed by means of ram 81 actuated by coal charger 18 (shown in Figure 1)

Referring again to Figure 4, beneath gasifier 11, a recerver denoted by numeral
36 15 provided, recerver 36 whach s shown enlarged m Figure 6, compnses shell 86,
lining 87 and ports 88, 89 and 90 The lower part of recerver 36 1s furmished with a
crucible which 1s denoted by numeral 91, crucible 91 15 adapted to be heated such as
with nduction co1l 92 A snorkel denoted by numeral 93 extends downwardly from
port 88 mto recerver 36 for directumng the gas and the molten slag into receiver 36 in a
submerged manner and n such a way as to have the gas bubble through the molien
slag and flow out of recerver 36 via port 89 Port 90 1s provided for the molten slag
to flow out of recerver 36 when tht level of the molten slag reaches the spilling level
denoted by numeral 102, as shown more clearly mn Figure 6 Receiver 36 1s provided
with a bottom discharge 108 when conditions arise that necessitate the emptying of
the contents of recerver 36 Downstream of gas ext port 89, gas mam 101 15
furnished to connect recerver 36 with gas cleanup 13

Dovwnstream of port 90 slag quenching vessel >7 1s provided with downcomer

94 connecting receiver 36 to quenching vessel 37 Lancing means 95 and 96 are also
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provided m oider to maintamn downcomer 94 open by mjection of an oxidant this
msures the free flow of the molien slag Quenching vessel 537 possesses three pons
97, 98 and 99, port 97 1s for the enry of the molten slag from downcomer 94 port
98 15 for the eatt of the steam generated when the molten slag drops mto the water
bath denoted by numeral 61, and po:t 99 1s for the discharge of the quenched slag
Particulate matter from the steam 1s removed by any known method as for example
cyclone 26, which was described earlier by maling reference to Figure 2 A control
valve denoted by numeral 100 15 provided for pressure balancing at the exit of
cyclone 26 Control vaive 100 msurss that stcam generated from the quench doss
not back mnto receiver 36 by heeping the pressure in recerver 36 hugher than the
pressure m quenchmg vessel 57 to prevent premature sohdification of the slag

caused by the cooling effect of the stzam

Overation

In describing the operation of the instant invention as stated above, coal 1§
essentially an energy ore with the following constituents Zzarbon ash, sulfur and
volatile matter (gas) In order to be able to use coal in a clean manner the impunties
which consist of the ash, sulfur, and the cancer causing portions in the gas must be
removed and converted to useful products The ash must be vitrified 10 become non-
leaching, the sulfur must be removed as elemental sulfur, and the cancer causing
disullates such as tars and hght o1ls which mclude benzene must be destroved by
cracking Vanous configurations will be described 1n order to respond to the need to
which the invention 15 appbed The configuration which relates to the co-production
of syngas for synthesis mto hqud fuel(s) for transportation or heating, and of fuel
gas for the generation of electnic power will be described 1n detail and the others will
be described by reference to the co-production while ponting out the differences

Reference 1s now made to Figure 1, which configuration relates to co-
production Coal 15 fed from bunker 19 nio dnier 14 thence to lockhopper 16 via
surge hopper 15 The coal may have other material(s) with 1t such as biomass and/or
waste to be processed with the coal Once lockhopper 16 1s full 1t 1s locked and
feeder 17 controls coal from lockhopper 16 wto charging end 34 Coal charger 18
force feeds the coal nto reactor 10 m >uch a wav as to compact the coal and make st

dense and essenually impervious to ges flow at the charging end to force pressurized

[
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raw gases generated during the combination of a portion of the coal to flow co-
current with the movement of the coal m reactor 10 and towards dischareing end of
reactor 10 Assumung that start-up burner 20 has 1gnited the coal at the discharging
end of reactor 10 and the process 1s already at sieady state the coal 15 advanced in
reactor 10 while oaygen (and pos.ibly steam) are injected via lance(s) 40 nto the
coal preferably from cracking corapartment 21 to devolaulize the coal and produce a
raw rich gas while the environment is kept under reducing conditrons by operatng
sub-stoichiometnicaliv  The temperature of compartment 21 1s maintaned above the
crachmng temperature of coal tar, oils hydrocarbons etc to crack these cancer
causing compounds to result 1n a nydrogen rich cracked gas which 1s directed via
conduit 104 to gas cleanup 12 for further treatment such as desulfunization to thus
yield an 1deal synthesis gas of 2H; and 1CO  In the event that not enough fuel exists
In compartment 21 by virtue of using low volatile coal, supplemental fuel may be
added with the oxygen m order 1o attain craching temperatures Cracking
comparmment 21 which serves to eparate the rich gas from the hot char 1s also used
to pretreat the raw nich gas by cracking the cancer causing hiquids and hydrocarbons
from the coal by means of elevated temperature 1n craching compartment 21 through
the mjection of sufficient oxidant via ports 103 (shown 1n Figure 2) of lance 40 and
combusting some of the volatile raatter from the coal to yreld a cracked gas which 1s
devoid of eoal hquids and hydrocarbons and whose composition 1s mamly Ha and
CO with Ha being the dorunant gas  'Withun compartment 21, radiant zone 107
provides efficient thermal energy transfer to the coal emergmg from discharging end
35 The coal/char 1s pushed out of chamber 80 progressively in a pulsating mode
order to provide a fresh new face of coal/char which 1s heated frontally by radiation
from compartment 21 Dependimng upon the coal used 1t 1s possibie to obtamn a
cracked gas of 2Hz and 1CO fromr the process without the need for a shuft converter
which 1s known 1n the art If madequate volatile matter 15 contamned 1n the coal,
steam 15 added 1n order to increass the H; content of the gas Subsequent to cleanup
the synthesis gas thus produced 1, comprnised of the essental proportions of 2H; to
ICO This gas when cooled m heat exchanger 27 and directed to plant 28 via duct
105 15 1deal for synthesizing 1t nt> a hqumd Plant 28 mav be a Fischer Tropsch or 2
methanol plant which 10 turn may be followed by a methanol-to-gasoline tramn, such

as the one developed by Mobil 011 These processes for conversion of the synthesis

N,
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gas to vanous hquids are known I the art and are not part of this nvention Since
the major cost of making an alternate to petroleum hiqud fuel from synthesis gas 1<
the cost of producing the synthesis gas, the craclung of the volatile matter of the coal
as described herem, 15 an elegant and economical approach for mahing the feedstoch
for the sythesis plant(s)

The hot char which 1s quite porous and highly reactive resutting from the
devolatilization of the coal, drops into gasifier 11 and 1s gasified with air which may
be preheated. The arr 1s preferably mjected into gasifier 11 1n the downdraft mode
which tends to equilibrate the temperature of the char, the air may be mjected at
several points as shown mn Figures 2 and 4 The air reacts with the carbon mn the char
to make a pioducer gas which 1s al ;0 known as "lean gas" by virtue of 1ts low Btu
content This lean gas 15 fed to hot gas cleanup 13 via duct 106 for sulfur 1emoval
in the event the lean gas 1s not up to temperature for the hot gas cleanup, an oxidant
15 added as denoted by numeral 9 pnor to entry into cleanup vessel 13 Afier exinng
from cleanup 13 the lean gas 1s directed to cyclone 29 for particulate removal and
thence to air preheater 30 The lean gas after exmng from preheater 30, 15 directed to
heat exchanger 31 to raise steam which 1s used m the process for H, generation, for
moderating temperatures, for steam tracing, etc The lean gas 1s then introduced to
filter/baghouse 32 for mercury and allkal: control and thence the gas 15 directed to
station 33 which may represent an « lectric power plant This lean gas 15 an excellent
fuel for use 1n a combushon turbine by virtue of 1ts mass to generate electric power
more efficiently and by virtue of its low formation of NO, when combusted, since 1t
burns cool The combustion turbine may be followed by a steam turbine to provide a
combmed cycle arrangement, an efficient manner of producing electricity, which 1s
In common practice

In addition to the lean gas made mn the gasifier, the ash 1n the coal 15 converted
to a molten slag, and both the lean gas and molten slag are discharged from gasifier
11 via exit port 23 into separator 24 wherein the gas 1s directed to cvclone 26 and the
slag after having been quenched 1s {ed mto lockhopper 25 for discharge mnto the
atmosphere without loss of system sressure The slag so nroduced 1§ vitreous and
mert which passes the non-leachabihity test

The sulfur in both the raw rich gas and the raw fuel gas leaves the process in

the form of HaS which 1s removed by any one of known systems mcluding the

N
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applicant's own system described in the 1eferenced patent The H-S 1s absorbed by a
sorbent contained in cleanup 12 and 13 shown in Figure 1  The sorbent winch 1s
recycled and regenerated 1 vessel 7 eatracts the sulfur i elemental form as a vapor
and 15 condensed 1n a condenser which 1s denoted by numera] 8 The off-gas from
condenser 8§ which 1s used for recycling the sorbent, 1s boosted 1n pressure m
compressor 109 A side stream from cleanup vessel 12, 1s diveried by means of
valve feeder 110 for regeneration 1n regeneiator 7 Valve feeder 111 recycles the
sorbent to cleanup vessel 13 A cyclone above regenerator 7, denoted by numeral
112 removes particulate matter from the recycling off-gas

In utthzmg this rvention for the exclusive manufacture of synthesis gas the
arr 1n gasifier 11 1s substituted by caygen and steam to react with the char and thus
produce additional H» rich gas which after cleanup can be synthesized 1o a hquid
and/or chemuical the same as the H~ nnch gas denved from the cracked gas after 1t
undergoes a shift reaction which 1s known n the art of gasification

In unhizing this mvenuon for the exclusive manufacture of fuel gas the oaygen
mjected through the cracking reactor 18 diluted with air io produce a lean gas which
after cleanup can be used as a fuel gas the same as that produced from gasifier 11
when blown with air  The fuel gas can be used as a fuel for various beating
applications including electric powsr generation

It 1s also the purpose of thus invention to repower exisung power plants mn
order to give them a new lease on Life as more than 30% of the electnc power 1s sull
produced 1n polluting pulvenized ccal boilers in the United States

Another application of the mmvenuon 15 to process the coal in reactor 10 10
make coke or char and not gasifying 1t, such col.e bemng useabie 1 the field of
metallurgy The char while incandescent 1s treated with steam to make 1t mto
activated carbon for utilization i filtering systems including the removal of
mercury

It 1s subnutted that the presentation made heremn discloses a method which can
process coal for producing abundan: clean energy efficiently and 1n an
environmentally closed manner for heatng, transportation, electric power chemucals
and the like, as an alternate to peiroleum and narural gas mcluding the capabibiy to

make coke and activated caibon
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{ claim

1 A method for producing clean energy from coal comprising

feeding coal mto a chamber which 15 sealed to the atmosphere and
which possesses a charging end and a dischargmg end

moving the coal within said chamber towards the discharging end

ijecting oxygen whach 15 essentially pure 1n such a way as 10
combust a portion of the coal while mamtaining a pressurized reducing
atmosphere to

(1) cause the release of high levels of thermal energy 1o
‘A’;' devolatilize the coal, and
()  yield 2 pressunized hydrogen rich 1aw gas contaimng
coal derived cancer causing disullates and
hvarocarbons together with a hot char,

craclang the coal-denved cancer causing distillates and hydrocarbons
contamned 1n the hydrogen rivh raw gas to make a hydrogen rich cracked gas
which after desulfurization becomes a clean hydrogen rich synthesis gas

directing the hot cha: to a gasifier which 1s sealed to the atmosphere,

gasifymg the hot char with air 1n said gasifier to yield a raw fuel gas
and a molten slag,

flowing the raw fuel gas together with the molten stag through a
common port out of said gasifier to mamntan said port open for the free flow
of the raw fuel gas and the molten slag,

separating the raw fue) gas from the molten slag after exiting from
said common port,

directing the raw fuel gas 1o 2 cleanup sysiem to clean 1t and thus
yield a clean fuel gas suitablc for combustion with low NO, formanon and

quenching the molter slag to convert 1l 10 & non-leaclung solid
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2 The method set forth in claim 1 further comprnising the synthesizing

of said clean hydrogen rich synthesis gas mio a hiquid fuel or chemical

3 The method set forta m claim 1 further comprising the unhzing of

said clean fuel gas for the generation of electric power

4 The method set forth m claim 1 wherein the step of gasifying the hot
char with air 1n said gastfier to yield a 1aw fuel gas 1s further characterized by the
step of substituting the air with essentially pure oxygen and steam m order to make a
hvdrogen rich raw gas instead of a juel gas from the char, which after cleanup a
clean synthesis gas 1s obtamed which can be synthesized into a hquid fuel for

heating or transportation

5 The method set forth in claum 1 wherein the step of injecting oxygen
which 1s essentially pure n such a way as to combust a portion of the coal 1s further
charactenized by the step of substituting air for the pure oxygen in order to make a
raw fuel gas whuch after cleanup, a :lean fuel gas 1s obtamed which can be utilized

for heating or electnic power generation

6 The method set forth 1n claim 1 includes the using of preheated air

7 The method set forth in claim 1 mcludes the using of oaygen enniched
ar

8 The method set forth m claim 1 wherein the step of gasifying the hot

char with air 1n said gasifier comprises the myjection of the air in the downaraft

mode

9 The method set forth i clamm & further compnising the mjection of

the air at a plurality of penetrauons into said gasifier
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10 The method set forth m claim 1 mcludes the step of compacting the
coal agamnst the wall of the chamnber ar the charging end 1o such an extent as to
densify the coal to essentially mak¢ 1t impervious to gas flow at the charging end n
order to force pressurized raw gases generated durng the heating of the coal to flow

out of the dischaiging end of said chamber

11 The method set forth 1n claim 1 wheremn the step of flowing the raw
fuel gas together with the molien slag through a common port of sard gasifier
includes the step of providing supplementary thermal energy 10 prevent sohdificauon

of the molten slag in said port

12 The method set forth m claim 11 ncludes the siep of providing
oxaldant mjection means to combust & portion of said raw fuel gas to create said

supplementary thermal energy

13 The method set forth in claim 11 wnerein said supplementary thermal

energy 15 derived from electric induction means

14 The method set forth i claim 1 wherein the siep of flowing the raw
fuel gas together with the molten slag through 2 common port out of saxd gasifier

mcludes the collecung of the molten slag 1n a recerver to serve as a molten bath

15 The method set forth i clarn 14 mcludes the step of direcung the
raw fuel gas together with the moltern slag to the receiver 1n a submerged fashion to
cause the raw fuel gas to bubble through said molten bath 1n order to separate the
entrained slag from the raw fuel gas and to essenually scrub the fuel gas by malkung

use of the molten bag 1 said recerver

16 The method set forth 1n claim 14 includes the step of providing a gas

ex1t port above the bath for the discharge of the scrubbed fuel gas

17 The method set forth m claim 14 includes the step of providing a

spillway for the molten slag to flow out of said recerver
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18 The method set forth 1n clamm 17 includes the step of providing
downstream of said spillway a water quenching chamber to cool the molten slag to a

non-leaching solid

19 The method ser forth 1n ¢laim 1 wherein the method 1s conaucted

under pressure

20 The method set forth in claim | wheiem the step of mjectng onygen
which 1s essentially pure m such a way as to combust a portion of the coal 1s further
charactenized by the step of mjecting the onygen from a compartment located

downstream of the discharging end of said chamber

21 The method set forth 1 claim 20 further comprising a hot radiant
zone aisposed to saxd compartment to 1eflect intense thermal energy agamst the coal
n the discharging end of said chamber to expedite devolatilization of the coal and

crach coal disnllates and hydrocarbons which are cancer causing

22 The method set forth in claim I including the passing of hot gases

through flues disposed m the wall of said chamber

23 The method set forth mn claim 1 wheren the step of moving the coal
within the chamber towards the discharging end 1s further characterized by moving
the coal progressively with pauses .n order to create successive new frontal faces of
coal at the discharging end of said ¢ hamber for the efficient exposure of the coal to

radiant heat

24 The method set forth 1n claim 1 bemng further characierized by
balancing the pressure between the step of mjecting oxygen to combust a poriion of
the coal and the step of gasifying th= char with air so as to essenually prevent the

contamination of the hydrogen nich gas by the fuel gas

25 The method set forth in claim 14 mncludes the step of heaung the

recerver

o~
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26 The method set for*h in claim 2> wheremn the heatung of the receiver

15 derived from electric mnduction msans

27 The method set forth in claim 1 further comprising the mjection of
oxygen which 15 essentially pure i such a way as 1o combust a portion of the coal at
a plurality of points to more efficiently combust coal while mamtammng a reducing

atmosphere

28 The method set forth in claim I wherem an oaidant 1s added to raise

the temperature of the hydrogen rich crached gas pnior to 1ts desulfurization

20 The method set forth n claim 1 whetein an oxidant 1s added to raise

the temperature of the fuel gas pnor to 1s desulfunization

30 The method set forth 1n claim 28 includes the desulfunization m a

cleanup system which 15 regenerative

31 The method set forth 1n ¢claim 29 includes the desulfurizanon 1n a

cleanup system which 1s regenerati ve

32 The method set forth 1n claym 1 further includes the taperng of the
reactor chamber 1 such a way as tc¢ diverge towards the discharging end to facilitate

the movement of the coal within the chamber

33 The method set forth m claim ! includes the passing of gases 1n flues

provided to the chamber of saxd reaztor

34 The method set forth in claun 1 mciudes the addiuon of biomass o

the coal for processmg them 1n umson

33 The method set forth in claim 1 includes the adaition of waste 1o the

coal for processing them 1n unison

®
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36 The method set forth tn clarm 1 wherem the step of gasifving the hot

char 15 obwiated 1o Iimit the conversion of the coal 10 a cole or a char

37 The method set forth m claim 36 wherein the coke or cha aie

converted to actuvated carbon

38 The method set forth in claim | being further characterized by
balancing the pressures between the step of injecting oxygen and the step of
gasifying the char, and the step of zasifying the char and the quenching of the molten

slag m order to control the various flows of the gases m the process

[L)\
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National Phase Claims

Claun 1 A method for producing clean energy fiom coal comprising
feeding coal into a chamber which 1s sealed 10 the atmosphere and which
possesses a charging end and a discharging end
moving the coal within satd chamber tow ards the discharging end
mjecting oxygen which 1s essentially pure n such a w1y as to combust 1
portion of the coal while mamtuning o pressunzed reducing
atmospheie to
(1) ciuse the releise of thermal energy to devolitilize the conl
nd
(1t) yeld 1 pressuiized hvdrogen rich raw gas contuning coal
deiived cancer causing  disuliies  wd  hvdioc ubons
logether with a hot char
craching the coal derived cancer causing distllates and hvdrocarbons
contatned n the hydrogen rich raw gas to mahke a hydrogen nich
cracked gas which after desulfurization becomes a clean hydrogen rich
synthests gas
dirccting the hot char to a gasifier which 1s sealed to the atmospheie
casifying the hot char with an ovidant in said gasifier 10 vield a 11w second
——.
gas and a molten Ing
flowing the 1aw ‘S__t:té)g_d 215 together with the molten slag through y common
port out of s ud gisihier 10 muntam s ud port open for the e flow of

the raw second gas and the malten sig



separating the raw second gas fiom the molten slag 1fier exiting from said
common
port
directing the raw second gas to a cleanup system to clean 1t and thus vield a
clean second gas and

quenching the molten slag to convert it to a non-leaching solid

Claim 2 The method set forth in claim | further compnising the svnthesizing of

said clean hydrogen rich syvnthes:s gas inte 1 hquid fuc! or chemical

Claim 3 The method set forth in claim 1 further comprising the uulizing of sud

clean fuel gas for the genelation of electric power

Claim 4 The method set forth in claim 1 wherein the hot char 1s gasificd with
essentially pure oxvgen and steam 1n order to mahke a hvdrogen rich raw gas trom the
char which, after cleanup, a clean svnthesis gas 1s obtained which can be synthesized

into a hvdrogen rich gaseous or iquid fuel

Claim > The method set forth in claim 1 wheiem the step of mnjecting ovvgen
which 1s essentially pure in such a way as 10 combust 1 portion of the coal 1s furthu
characterized by the step of substituting air for the puie oxygen in order to make a 1aw
fuel gas which afier cleanup a clean fuel gas 1s obtained which can be utilized for

heating o1 electric power gencrauon



Claim 6 The method set forth in cluim 1 includes the using of prehe ated

Claim 7 The method set forth in claim | includes the using of oxygen enriched

air

Claim 8 The method set {oith in claim 1 whetein the step of gasifying the hot

char with an n said gasifier comprises the injection of the i in the downdiit mode

Clam ¢ The method set forth in claim 8 furthe: compnising the injecuon of the
air at a plurality of penetrations into said gasifier

Claim 10 The method set forth in claim 1 includes the step of compacting the
coal aganst the wall of the chamber at the charging end to such 1n extent as 1o densify
the coal to essenuially make it impersious to gas flow at the charging end in o1der 10
foice pressurized raw gases generated during the heating of the coal to flow out of the

discharging end of said chambe:

Claim 11 The method set forth in claim | wheiein the step of Howing the riw
fuel gas 1ogether with the molten slag through a common port of saxd gasificr ncludles
the step of pioviding supplementary thermal energy to prevent solidificauion of the

molten slag 1n said port



&

Claim 12 The method set fcith in clamm {1 includes the step of providing axid wt
injection means to combust a portion ol said raw fuel gas to create said supplementarv

thermal energy

Claim 13 The method set forth i claim || whetein sud supplementuy thermnl

cnergy 1s deitved from electric induction means

Claim 14 The method sct forth i clum 1 wheremn the step of flowing the 1w
fuel gas together with the molien slag through 1 common port out of said gwsific

ncludes the collecting of the molien slag in a recenner 10 serve as a molien huh

Claim 1> The method set forth in clum 14 includes the siep of directing the 1w
fuel gas together with the molten slag to the rceeiver in 1 submerged fashion 10 s
the raw fuel gas to bubble through said molten bath 1n order to separate the cnti uned
slag from the raw fuel gas and 1o cssenuallv scrub the fuel gas by making use of the

molten slag in said receiver

Claim 16 The method set forth in clum 14 includes the step of providing a g 1s

exit port above the bath for the diszharge of the scrubbed fuel g1s

Claim 17 The method set forth in claim 14 includes the step of providing a

spillwav lor the molten slag to flow out of sud 1ceenved



Claun 18 The method set forth m claim 17 ncludes the step of pioviding
downstieam of said spillway a water quenching chamber to cool the molten shg 1o a

non leaching sohd

Claim 19 The method set forth in claim 1 wherent the method 1s conducied under

pressure

Claim 20 The method set farth in claim 1 whaem the step of jecting oy gen
which 15 cssentially pute in such a way as to combust a poition of the coil 1s further
characterized by the step of mjecung the oxygen from 2 compartment locied

downstream of the discharging end of said chamber

Claim 21 The method set forth 1n claum 20 further compiising a hot radint sone
disposed to said compartment 1o ieflect intense thermal energy against the coal in the
discharging end of said chamber to eapedite devolatilization of the coal and ciack coal

distiltates and hy diocarbons whicls are cancer causing

Claim 22 The method set foith in claim 1 including the passing of hot gises

through flues disposed in the wall of said chambei



Claim 23 The methad set forth in clhum | wherem the step of moving the coal
within the chamber towards the discharging end s {urther characiciized hy moving the
coal progressively with pauses in ander to cicnte successive new fiomtal fces of conl
the discharging end of said chamber for the ethciunt exposwe of the coal 10 1diam

heat

Claim 24 The method set forth m cluum | being further chuacterized by
balancing the pressure between the step of injecting oaygen to combust a portion of the
coal and the step of gasifying the char wnh arr <o as 10 essenually prevent the

contamination of the hvdrogen rich gas by the fuel gas

Clam 2> The method set forth m claim 14 includes the step of heatng the

receiver

Claim 26 The method set forth in claim 25 wheren the heating of the recciver 1

denived from tlectric induction means

Claim 27 The method set corth i claim [ further compnsing the mjection of
onygen which 1s essentially puie n such a way s to caombust a portion af the conl 1y
plurality of points 1o more cfficiently combust coal while mauntaiming a reducing

atmosphere

Claim 28 The method sut foith 1n claim 1 wheretn an ovidant 1s added o rse the

tempesature of the hydiogen nich erached gas prior 10 1ts desulfunztuon



Claim 29 The method set forth 1n claim 1 wherein an owid it 1s added (0 1 use the

temperatue of the fuel gas prio to 1ts desulfurization

Claim 30 The method set foith in claim 28 includes the desulfunzation m a

cleanup system which 1s regenerative

Claim 31 The method set (oith i claim 29 mcludes the desulfunziwon n

cleanup syvstem which is regencrative

Clam 32 The method set forth i clum | further includes the tipering, of the
reactor chamber n such a wav as to dineige towards the discharping end to tacihi e

the movement of the coal within the chambe

Claim 33 The method set forth m claim 1 includes the pissing of gases in flues

provided to the chamber of said rezctor

-

Claim 34 Thce method set forth in clum | mcludes the wddiion of brom ss o e

coal for processing them n unison

Claim 3> The method set forth n clanm 1 meludes the wddition of waste 10 the

coal for processing them in unison

Claym 36 The method set forth 1o claim 1 whercin the step of gasifving the hot

char s obv1ated 10 [imit the conversion of the coal 10 1 coke or 1 chai



e }
t
Clamm 37 The method se1 forth in chum 36 wheiein the coke or cha uc
converted to activated caibon
Claim 38 The method set forth in claim | bemng furthe:r characterized by
balancing the pressures between the step of injecting oxyvgen and the siep of gasiiving
the char and the step of gasifying the char and the quenching of the molien slag n
order to control the v wrious flow« ot the gases in the process
(’, Claim 39 The method set Jorth in ctum 1 wheremn the hot char is gasilicd with
air to vield a 1w fuel gas which afier clemnup vields 1 clean fued gis suitible for
combustion with low NO, formation
‘ Claim 40 A method for praducing clean energy from coal compiising
feeding coal into a chamber which 1s sealed to the atmosphcre and which
possesses a charging end and a discharging end
mon ng the coal within s ud chamber 1owards the dischaiging end
mjecting ovygen tn such a wav as to combust a paition of the coal while
l,:, maintaming a pressurized reducing atmospheie to

(1)  cause the release of thermal energs to devolatihize the coal and
() wield 1 pressurized hydrogen nich i1aw gas comaining conl
derived cancer causing distillates and hvdrocarbons together with
a hot char,
directing the pressurized hyvdrogen 1ich raw gas i such 1 way 1s to ume 2e from

the discha ging end of said chambei

v/




craching the conl derived cancer cwsing distillates and hvdrocarbons contained in
the hydrogen 1ich 1aw gas 10 make a first hydrogen rich ¢iiched gis

directing the hot char to a slagging gasifier which 1s sc iled to the atmosphcre and
g151fy ing same to mahke a second gas ind a molicn shig

removing said slag from the svstiem and

cleaning said first gas and said second g 15 10 provide clean gases for useful

applications

-

Claim 41 The method set forth n clanm 40 further comprising the injection of steam

with said ox) gen



METODO PARA PRODUCIR ENERGIA
ARTIR DE CARBON

ANTECEDENTES DE LA INVENCION

Esta solicitud es un desarrollo adicional de la patente otorgada al
presente solicitante No 5,063,732 que describe un método para
repotenciar las plantas de energla eléctrica existentes mientras
que se coproduce un combustible liquido hmpio, también
describe gue el carbén es primero pirolizado para producir un gas
rico el cual es impiado y luego sintetizado en lfquido, y un carbén
que es gasificado para formar un gas de bajo Btu que también es
hmpilado v luego utihizado para generar electricidad, este
desarrollo reside en una mejora del método referenclado como

sigue

o Reduccion del gran numero de tubos de proceso (reactores)
que reduce Ila Inversibn de capital para hacerlo

econémicamente viable

A



Eliminacién del sistema de carga complejo que comprende
medios para hacerlo mds facli de mantener

Mejorar el calentamiento de la carga para incrementar Ia
eficiencla

Asegurar que los gases producidos en el reactor del proceso
fluyen en al direccién adecuada para causar el cragueo de
constituyentes no deseados que producen cancer del carb6n
soplar el gasificador de carb6n en una direcci6n hacia abajo
para superar el llevar material particular excesiva en el gas de
bajo Btu

Impedir el taponamiento de las puertas de salida dael
gasificador para obtener un flujo hbre de remanentes del
gasificador

Mitigar el efecto de enfriamiento de los productos calmados
para impedir [a solidificacidn prematura de la escoria fundida

antes de ser calmada

-



INTRODUCCION

De las tres fuentes mayores de energla fosil encontradas en la
naturaleza que consisten de aceite, gas natural y carbén, 90% es
carbén, todavia asi, somos incapaces de usar el carbén de una
manera aceptable desde el punto de vista ambiental Esta
Invencién que es operada a presi6n ambientaimente cerrada y
dedicada a eliminar los agentes derivados del carbon que causan
cancer, hace posible el uso del carbén de una manera Impia
eficiente y econémica Ya que el carbén es esencialmente una
mina de energia, este tiene impurezas al igual que otras minas
Estas Impurezas comprenden cenizas, azufre y destllados que
causan cancer e hidrocarburos que estan ligados quimicamente

en Ia materia volatll del carbdn

OBJETIVOS DE LA INVENCION

El objetivo principal de la presente tnvencién reside en el
procesamiento del carbén que es considerado como un

combustible sucio para productr energia impia de este y permitir



que el hombre o la humanidad utiliza este recurso natural

abundante y costeable

Otro objeto de la presente invencién es procesar el carboén bajo
presién para incrementar la eficiencia y mmimizar la inversion de
capital suministrando un médulo que es suficientemente grande
en tamano y todavia facil de calentar bajo condiciones de

reducciéon

Todavia otro objetivo de la invencidn es producir energia térmica

en la forma de gases impios a partir del carbén

Todavia otro objeto de esta invencion es aplicario a plantas de
generacion de energfa eléctrica existentes que queman carbon
para convertirias en eficientes y limpias, y daries una nueva una
oportunidad de vida ahorrando Inversiones de capital de mayores

proporciones

Por 1o tanto otro objetivo de la presente invencidén reside en la
recuperacion del gas rico en hidrégeno a partir del carb6n que

puede ser convertido en combustibles liquidos de valor agregado



A

por medio de sintesis como aiternativa al petréleo para el

transporte y calentamiento

Todavia otro objetivo de la presente invencién es producir a
partir del carbon un gas limpio de bajos Btu (gas pobre) que
produce bajo NO, cuando se pone Bajo combustion el cual es
capaz de generar potencla mas eficlentemente aunque fluye a

través de una turbina de gas en virtud de su masa grande

Otro objetivo también de la presente invencién es coproducir en
un sistema cerrado un gas rico a partir de materia volati del
carb6n, que tiene un alto contenido en hidrégeno para
sintetizarlo en liguidos vy qql’mlcos, y un gas pobre a partir de
carbonizados resmurales para uso en un combustible para generar
potencia eléctrica o para propoésitos de calentamiento

Todavia otro objetivo de la presente invencién es producir carbén
a partir de*el carb6n que pueda ser usado como un coque 0 un

carbdén activado

Estos y otros objetivos de la presente invencibn seran mas

evidentes para aquellos versados en la técnica a lo cuales esta



invencién pertenece, y desde la siguiente descripcion y de las
reivindicaciones adjuntas L a referencia se hace ahora a los
dibujos adjuntos que hacen parte de esta especificacion Debe

notarse que las modalidades mostradas aqui tiene el propdsito de

describir y no de limitar

BREVE DESCRIPCION DE LOSIDIBUJOS

La figura 1, ilustra el método por medio de un diagrama de flujo
de proceso, el cual por via de ejempio se aplica para Ia

coproduccién

La figura 2, muestra el equipo para flevar a cabo el método

La figura 3 es una seccién tomada en 3-3 de la figura de la figura 2
La figura 4 es una Ilustracidbn que muestra otra variante de el
equipo mostrado en (a3 figura 2 que se refiere con el
calentamiento del carb6n y Ia descarga del gas pobre y de la
escoria fundida

La figura 5 es una seccién tomada de 5-5 de la figura 4



La figura 6 es un magnificacién de una porcién de ia figura 4
mostrando una ensefianza alternativa para la separacion del gas

de la escona fundida que se muestra en ia figura 2

Antes de proceder con la descripcidn detallada de ia invencién
haciendo uso de los dibujos, debe notarse por cuestion de
clanidad, que la referencia hecha con 10s numerales para

representar varios componentes

DESCRIPCION DETALLADA DE LOS DIBUJOS

Se hace referencia a la figura 1, que es un diagrama de flujo de
proceso que ilustra el procesamiento del carbén para coproducir
-() un gas rico que es hmpiado y sintetizado a un combustibie
llquido tal como metanol, combustible diesel, gasolina un
quimico, v (n un gas pobre que es limpiado y usado como
combustible para generar potencia eléctrica o energia eléctrica o
suministrar energia térmica para calentamiento El numeral 10
representa una camara de reactor en la cual el carb6n es
calentado para producir un gas rico de materia prima y un carbén
caliente El numeral 11 representa el gasificador que convierte el

carbon caliente en un gas pobre de partida El numeral 12



representa la limpieza para el gas rico de partida y el numeral 13
la impieza del gas pobre de partida El numeral 14 representa el
secador de carbén el cual recibe el carbén desde la carbonera 19,
es seguido por la tolva 15 y la compuerta 16 Debajo de 1a
compuerta 16 el alimentador 17 esta dispuesto para el controi del
flujo del carb6n Un cargador de carbén con el numeral 18 fuerza
la alimentacién del carbén dentro del reactor 10, el quemador 20
es usado para iniciar y puede ser usado como una fuente auxihar
de calor El oxigeno y el vapor son inyectados desde un
compartimento de craquec de gas en el extremo de descarga del
reactor 10, que se numera con 21 El compartimento de craqueo
21 posee una zona radiante para poder radiar energia térmica
contra el carbdn y el carbonizado que emerge del extremo de

descarga del reactor 10

El gasificador 11 esta equipado con una puerta de entrada 22 v
una puerta de salida 23 La puerta de entrada 22 sirve para ia
Inyeccion de un oxidante que preferiblemente es aire
precalentado, v la puerta de salida 23 sirve para la descarga del
gas pobre de partida y la escoria fundida Por debajo de la puerta
23, el separador 24 esta dispuesto el cudl tiene el prop6sito doble

para el desenganche del gas pobre de partida de la escoria



fundida producida en el gasificador 11, y para calmar la escoria
La compuerta 25 se usa para remover la escora calmada sin
perdida de la presion del sistema uUn primer ciclon numerado

con 26 se suministra para remover el polvo del gas pobre de

partida

Aguas abajo del impiador de gas rico 12 el enfriador 27 esta
provista antes de alimentar el gas rico impiado en la planta de
sintesis para hacer un gquimico o un combustible Ifquido tal como
metanol, gasolina, dlesel y similares como una alternativa al

petréleo, que es representado por el numeral 28

Aguas abajo del hmpiador de gas pobre 13 un segundo ciclén
numerado con 29, se sumiristra como una cama abrillantadora, y
aguas abajo del ciclén 29 un precalentador de aire 30 y un
enfriador 31 se sitian Mas alla del enfriador 31, una camara de
bolsa de cama de carbdn /presurizada numerada con 32, se
dispone El gas pobre de partida después de haber sido impiado
es dirigido como un gas pobre limpiado, a2 una estacién tal como
una central de potencia eléctrica, una planta de calentamiento,
una fabrica de hornos industriales, etc, que es representada por

el numeral 33



Haciendo referencia a la figura 2, el numeral 1° es el reactor para
procesar e! carb6n y el numeral 11 es el gasificador para convertir
el carbonizado en gas v Ias cenizas en escoria El reactor 10 posee
un extremo de carga numerado con 34 y un extremo de descarga
numerado con 35 Extendiéndose mas alla de el extremo de
descarga 35 un compartimento de craqueo de gas numerado con
21, se ha suministrado, este esta equipado con un bajante
numerado con 37 que sirve para interconectar el reactor 10 con el
gasificador 11 Un extremo del compartimento de cragueo 21
esta abierto y se conecta con el extremo de descarga 35 del
reactor 10 por medio de una conexién de reborde 38, y el otro
extremo del compartimento 21 esta cerrado y sirve como pared
de radiacion, marcada con el nimero 39, a través de la cudl
penetracion de la lanza 40 toma lugar La lanza 40 que puede
avanzar o retraerse sirve para la inyeccién del oxidante tal como
aire u oxigeno, y posiblemente vapor, cuando se produce el gas
rico relativamente puro se inyecta oxigeno La lanza 40 puede
también estar equipada para Inyectar una combinacién de
combustible y oxigeno para incrementar la entrada de energfa en
el compartimento 21 Para ¢levar el contenido de H, del gas algun

vapor puede ser agregado a! oxigeno, esto se hace cuando se esta



haclendo sintesis de gas para la produccién de combustibles
liquidos Una pluralidad de lanzas tales como la lanza 40, pueden
ser usadas para un reactor de didmetro grande y al hacer esto, un
multiple de salida numerado con 41 suministra con una puerta de
entrada 42 para el oxfgeno y una puerta de salida 43 para el vapor
como via de eylemplo en los puntos de penetracion en la pared 39
por lanzas 40 se muestran en la figura 3 Una puerta de salida o de
escape numerado con 44 esta provista para el compartimento de
cragueo 21 para que salga el gas rico craqueado, el cual se
comunica con la tuberia de gas 45, una valvula de presién
numerado con 46, esta dispuesta en la tuberfa 45 para controlar Ia
presibn inversa en el compartimento de craqueo 21 A
continuacién del tubo 45 (no mostrado, pero indicado por Ia
fecha direccional) se amarra al impiador de gas rico 12 mostrado

en al figura 1

El gasificador que esta conectado a través de la bajante 37 al
compartimento 21, es un reciplente tipo eje hecho de una concha
de presién 47, un refuerzo 48, una tapa 49 y un fondo 50 Las
penetraciones a través de la concha 47 y el refuerzo 48 estdn
provistas para acomodar puertas de entrada 22 para Ia

introduccién de un oxidante, preferiblemente en la forma de aire

U\



precalentado para loa conversién del carbonizado caliente en gas
pobre de partida y las cenizas en el carbonizado en escoria
fundida vitrosa Oxigeno relativamente puro y vapor pueden
remplazar el aire si el contenido de carbén del carbonizado
caliente va a ser convertido a una sintesis de gas Los medios de
control de flujo, marcados ¢on el numeral 51 estan provistos para
el control del aire en el gasificador 11  El aire puede ser
Introducido en los niveles diferentes del gasificador 11  El fondo
50 del gasificador 11 esta configurado de tal manera que se Inclina
preferiblemente hacia la puerta de salida 23 que esta equipada
con lanzas de puncién 52 y 53 que estdn adaptadas para usar un
gas tal como oxf/geno para mantener el pasaje horizontal 54 y el
pasaje verticai 55 de la puerta de salida 23 abiertos para asegurar
el flujo hibre del gas y de la escoria fundida fuera del gasificador

11

El separador 24 localizado por debajo de [a puerta de salida 23 es
un recipiente de presion dividido en dos partes - una parte
superior numerado con 56 una parte inferior numerado con 57
La parte superior comprende una zona de desenganche 58 que
esta equipada con una boquilla de descarga de escoria 59 y una

puerta de salida de gas 60 La parte inferior 57 comprende la



plscina de calmado de la escoria 61 que esta suministrada con
agua, Yy la tolva de descar¢ia 62 La vdlvula de aislamiento 63
conecta la tolva de descarga 62 con la compuerta 25 que esta
equipada en el fondo con (3 vdlvula 64 para poder remover la
escoria calmada del proceso sin la perdida de la presion del
sistema por medio de mantener la vdlvula 63 cerrada vy la vélvula

64 ablerta durante la descarga de la escoria caimada en el

sumidero 85

La puerta de salida gas 60 se comunica con el ciclén 26 por el
cabezal 65 el cudl dirige el gas separado al cicién 26 El ciclén 26
esta equipado en el fondo con la tolva de descarga 66 la cuil a su
vez esta conectada con la compuerta 67, las vdlvulas de
aislamiento 68 y 69 permilen a la compuerta 67 descargar €l
material particulada en la caja de recoleccién 70 que esta abierta
ala atmosfera, sin perdida de la presidn del sistema El ciclén 26
esta equipado con una puekta de salida de gas principal 71 para
dingir el gas pobre para su tratamiento adiclonal La valvula de
control de presion 72 sirve par controlar la presién inversa en el
gasificador 11 A continuacién del principal de gas 71 (no
mostrado pero Indicado por la fiecha direccional) se amarra al

limpilador de gas pobre 13 mostrado en la figura 1



con referencia a la figura 4 y soportado por la figura 5 para
detalles adicionales el reactor 10 es similar al reactor 10 mostrado
en ia figura 2 con ciertas modificaciones El reactor 10 en la figura
4 posee el quemador 20 dirigido hacia la puerta de entrada 73 por
medio del ducto 74 para el flujo de los gases de flujo calientes a
un elemento de calefaccién denotado por el numeral 75, el cual
calienta parciaimente el carb6n indirectamente Yy
circunferencialmente por conduccién con los gases del humero
fluyendo por las chimeneas 76 (mostradas en la figura 5) y salen de
la puerta de salida 77 Un material de aislamiento marcado con €l
numeral 78 esta dispuesto entre el elemento de calefaccién 75y Ia
concha de presién 79, la masa de carbén dentro del reactor 10
esta mostrada con el numerdl 80 Ambaos reactores mostrados en
las figuras 2 y 4 estdn provistos con una Inclinacién para divergir
del extremo de carga 34 al extremo de descarga 35 para facllitar el
movimiento del carbén dentro del reactor 10 a medida que es
forzado en la alimentacién por medio del ariete 81 actuando por

el cargador de carbé6n 18 (mostrado en la figura 1)

Haciendo referencia nuevamente a la figura 4, debajo del

gasificador 11, un receptor marcado con el numeral 36 se ha



provisto, el receptor 36 que esta mostrado de manera
magnificada en la figura 6, comprende la concha 86, el refuerzo 87
y las puertas 88, 89 y 90 La parte inferior del receptor 36 esta
suministrada con un crisol que se marca con el numeral 91, el
crisol 91 esta adaptado para ser calentado de modo que tal como
con una bobina de induccién 92 Un esnorkel marcado con 93 se
extiende hacia abajo desde la puerta 88 hacia dentro del receptor
36 para dingir el gas v la escoria fundida dentro del receptor 36
de una manera sumergida y de tal manera como para tener
burbujas de gas en la escoria fundida y hacerla fluir del receptor
36 por |a puerta 89 La puerta 90 esta provista para que la escoria
fundida fluya hacia fuera del receptor 36 cuando el nivel de la
escoria fundida alcanza el nivel de derrame marcado por el
numeral 102, como se muestra mas claramente en Ja figura 6 El
receptor 36 esta provisto con una descarga de fondo 108 cuando
las condiciones surgen en al cuales se necesita vaciar los
contenidos del receptor 36 Aguas debajo de la puerta de sahda
de la puerta de salida de gas 89, un principal de gas 101 se ha
suministrada para conectar el receptor 36 con el impiador de gas
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Aguas debajo de la puerta 90 el recipiente de calmado de escoria
57 se ha provisto con un bajante 94 que conecta el receptor 36
con el recipiente de calmado 57 Medios de lanza 95 y 96 también
se han suministrado para poder mantener la bajante 94 abierta
para la Inyeccion de un oxidante, esto asegura el flujo libre de Ia
escoria fundida El recipiente de calmado 57 posee tres puertas
97, 98 y 99, la puerta 97 es para la entrada de la escoria fundida
desde la bajante 94, la puerta 98 es para la salida del vapor
generado cuando la escoria fundida cae dentro del bafio de agua
marcado con el numeral 61 y la puerta 99 es para la descarga de la
escoria calmada Materia particulada del vapor es removida por
cualgquier método conocido como por ejemplo un ciclon 26, el
cudl fue descrito anteriormente con referencia a la figura 2 Una
valvula de control marcada con el numeral 100 esta provista para
balancear la presion en la salida del cicion 26 La valvula de
control 100 asegura que el vapor generado del calmado no se
devuelva hacia dentro del receptor 36 manteniendo [a presién 36
mas aita que la presion en el recipiente de calmado 57 para
Impedir ia solidificacién prematura de la escoria causada por el

efecto de enfriamiento del vapor



OPERACION

En la descripcién de la operacion'de ia presente invencién, como
se estableci6 anteriormente, el carbén es esenciaimente una mina
de energfa con los siguientes constituyentes - carbon, cenizas,
azufre y materia volatil (gas) Para poder ser capaz de usar el
carbon de una manera limpia, 1as impurezas que consisten de Ias
cenizas, azufre, y las porciones causantes de cancer en el gas
deben ser removidas y convertidas en productos utiles Las
cenizas pueden ser vitrificadas para volverse en no lixiviadas, el
azufre puede removerse como azufre elemental vy los destilados
causantes de cdncer taies como los alquitranes y aceites livianos
que Incluyen el benceno, deben ser destruidos por craqueo
varias configuraciones seran descritas para poder responder a la
necesidad a la cudl la invencién esta dirigida La configuracion
que se relaciona con la coproduccién de gas de sfhtesis para la
sintesis en combustibles liquidos para transporte o calefaccién, o
de gas de combustible para la generacién de potencia eléctrica
serdn descritos en detalle y los otros seran descritos por

referencia a la coproduccién aunque apuntando las diferencias



Las referencias se hace ahora a la Figura 1, dicha
configuracién se relaciona a la co-produccibn El carbon es
allimentado desde la carbonera 19 hacia el secador 14 y luego a la
compuerta 16 por medio de la tolva de descarga 15 El carbdn
puede tener otros materiales con el tales como la biomasa y/o el
desecho que va hacer procesado con el carbon Una vez que la
compuerta 16 esta llena, se sierra y el ahmentador 17 controla el
carbén desde la compuerta 16 hacia el extremo de carga 34 El
cargador de carbdn 18 fuelza la ahmentacion de carbén hacia el
reactor 10 de tal manera que compacta el carbén y lo hace denso
y esencialmente impermeable al flujo de gas en el extremo de
descarga para forzar los gases de partida presurizados generados
durante la combinaci6bn de una porcién del carbén, para que
filuyan concurrentes con el movimiento del carbon en el reactor
10 y hacia el extremo de descarga del reactor 10 Asumiendo que
el qguemador de partida 20 ha prendido el carbén en el extremo
de descarga del reactor 10 y el proceso va esta en un estado
estable el carbon es avanzado en el reactor 10 mientras que se
Inyecta oxigeno (y posiblemente vapor) por medio de Ias ianzas 40
en el carbén preferibiemente desde el compartimento de
craquec 21 para desvolatilizar el carbén y producir un gas de

partida rico mientras el ambiente se mantiene bajo condiciones



de reduccién por medio de opéraio sub-esteoquiomeétricamente
La temperatura del compartimento 21 es mantenida por encima
de la temperatura de craqueo del alquitrdn de carbén, aceites,
hidrocarburos, etc para cracjuear estos compuestos causantes de
cadncer lo que resulta en un gas de craqueo rico en hidrégeno que
es dirigido por medio del conducto 104 a un limpiador de gas 12
para su tratamiento adicional tal como la desulfurizacién y por lo
tanto producir un gas de sintesis ideal de 2H, y 1CO en el evento
de que no haya suficiente combustible en el compartimento 21
por virtud de usar carbén de baja volatihdad, el combustible
complementario puede ser agregado con el oxigeno para poder
lograr las temperaturas de ctaqueo El compartimento de craqueo
21 que sirve para separar el gas rico del carbonizado caliente es
también usado para el pretratamiento del gas rico de partida por
craqueo de los liquidos que causan cancer vy de los hidrocarburos
del carb6n por medio de la temperatura elevada en el
compartimento de cragueo 21 a través de la inyeccidn de
suficiente oxidante por las puertas 103 (mostrada en la Figura 2)de
la lanza 40 y hacer combustiones algunas de ias materias volatiles
del carb6n para producir un gas de cragueo que esta ausente del
Ilquidos de carbon e hidrocarburos y cuya composicion es

principalmente H, y CO con H, stendo el gas dominante Dentro



del compartimento 21, ia zona radiante 107 suministra una
transferencia de energia térmica eficiente al carbon que emerge
del extremo de descarga 35 El carbén/carbonizado es empujado
hacia fuera de la cdmara 80 progresivamente en un modo
pulsante para poder suministrar una cara fresca nueva de
carb6n/carbonizado que es calentada frontaimente por Ila
radiacién del compartimento 21 Dependiendo deil carbon usado
es posible obtener un gas craqueado de 2H, y 1CO del proceso sin
la necesidad de un convertidor de cambios que es conocido en a
técnica Si las materias volatiles son inadecuadas estan contenidas
en el carbén, se agrega vapor para poder incrementar el
contenido de H, del gas SUE)secuentemente a 1a impieza del gas
de sintesis asi producido, se Inciluye proporciones esenciales de
2H, a 1CO este gas cuando es enfriado en el intercambiador de
calor 27 y dingido a la planta 28 por medio del ducto 105 es 1deal
para sintetizario en liquido La planta 28 puede ser una Fischer
Tropsch 0 una planta de metanol que a su vez puede estar seguida
por un tren de metanol a gasolina, tal como aquel desarrollado
por la Mobll OIl Estos procesos para la conversién del gas de
sintesis en varios liquidos son conocidos en la técnica y no son
parte de esta invencién Ya que el mayor costo de fabricacién de

una alternativa al combustible liquido de petréleo a partir del gas



de sintesis es el costo de producir el gas de sintesis, el craqueo de
la materia voldtil del carbén como se describid aqul, es una
ensefianza elegante y econémica para hacer un materal de

partida para las plantas de sintesis

El carbonizado caliente es algo poroso y altamente reactivo
resultante de la desvolatilizacién del carbén, y cae en el
gasificador 11 y es gasificado con aire el cual puede estar
precalentado El aire es inyectado preferiblemente dentroc del
gasificador 11 en el modo de caida hacia abajo lo cual tiende a
equiibrar la temperatura del carbonizado, el arre puede ser
Inyectado en diversos puntos como se muestra en las Figuras 2 y
4 El aire reacciona con el carbén en el carbonizado para hacer un
gas de produccién el cual también es conocido como “gas pobre”
por virtud de su bajo contenido en Btu Este gas pobre es
alimentado en un limpiador de gas caliente 13 por medio del
ducto 106 para la remocién del azufre, en el evento de que el 9as
pobre no este a la temperatura para el impiador de gas caliente
se agrega un oxidante como se mencioné por el numeral 9 antes
de éntralo en el recipiente de impieza 13 Después de salir del
hmpiador 13, el gas pobre es dirigido al ciclén 29 para la remocion

del participado vy de ahi al precalentado de aire 30 El gas pobre
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después de salir del precalentado 30 , es dingido al
intercambiador de calor 31 para elevar el vapor que es usado en €l
proceso para la generacién de H, a temperaturas moderadas,
para el seguimiento del vapor, etc El gas pobre es entonces
introducido en un filtro/caja de bolsa 32 para el control de
mercurio y dlcalis y de ahi el gas es dirigidos a la estacion 33 que
puede representar una planta de generacién de potencia
eléctrica Este gas pobre es un exceiente combustible para uso en
una turbina de combustién por virtud de su masa para generar
potencia eléctrica mas eficientemente y por virtud de su baja
formacién de NOy cuando es quemado, va que este quema
suavemente La turbina de combustién puede estar seguida por
una turbina de vapor para suministrar una disposicién de ciclo
combinada, de una manera eficiente para producir electricidad,

que es una practica comun

Adicionalmente al gas pobre hecho en el gasificador, la
ceniza en el carbon es convertida en una escona fundida, y tanto
el gas pobre como la escoria fundida son descargados desde el
gasificador 11 por medio de la puerta de salida 23 hacia el
separador 24 en donde el gas es dirigido al ciclén 26 y la escona

después de haber sido calmada es alimentada en la tolva 25 para



jJa descarga en la atmasfera sin perdida de la presién del sistema
La escoria asi producida es vitrea e (nerte ia cual pasa el ensayo de

no-lixiviacion

El azufre tanto en el gas nco de partida como el gas
combustible de partida deja el proceso en la forma de H,S el cual
es removido por cualquiera de los sistemas conocidos incluyendo
el sistema propio del solicitante descrito en {a patente que se
menciono al principio El H,S es absorblqo por una solvente
contenido en los limpiadores 12 y 13 mostrador en la Figura 1 El
absorbente que un producto reciclado y regenerado en el
recipiente 7, extrae el azufre en forma elemental como un vapor
y es condensado en un condensador el cual se marca con el
numeral 8 El gas desviado del condensador 8 que es usado para
reciclar el absorbente es empujado en compresién al compresor
109 Una corriente lateral del recipiente de limpieza 12, es
desviada por medio del alimentador de valvula 110 para Ia
regeneracién en el regenerador 7 E! alimentador de vdivula 111
recicla el absorbente para el recipiente de hmpieza 13 un ciclén
arriba del generador 7, marcado con el numeral 112 remueva ia

materia particulada del gas desviado reciclado

&
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Al utilizar esta invencion para la fabricacién exclusiva de gas
de sintesis, el aire en ei gasificador 11 es sustituido por oxigeno y
vapor para hacerlo reaccicnar con el carbonizado y asi producir
gas rico en H, adicional el cual después de impieza puede ser
sintetizado en productos liquidos y/o quimicos al igual que el gas
rco en H, derivado del gas de craqueo después de que este es
sometido a una reaccién de camblo la cual es conocida en Ia

técnica de la gasificacion

Al utilhizar esta invencién para la fabricacién exclusiva de gas
combustibie, el oxigeno inyectado a través del reactor de craqueo
es diluido con atre para producir un gas pobre el cual después de
impieza puede ser usado como un gas combustible igual que el
producido del gasificador 11 cuando se sopia con aire El gas
combustible puede ser usado como un combustible para diversas
aplicaciones de calentamiento incluyendo la generacion de

potencia eléctrica

Este también es el propdsito de esta invencién de
repotenciar |as plantas de potencias existentes para poder darles

una nueva faclliidad de sobrevivir en mas del 50% de la potencia



eléctrica que todavia es producida por calderas de carbéon

pulverizado contaminantes en los estados unidos

Otra aplicacién de la invencién es procesar el carbén en el
reactor 10 para hacer Coque o carbonizado y no gasificario, tal
coque es utilizable en el campo de [a metalurgia El carbonizado
aunque esta incandescente es tratado con vapor para convertirlo
en carbén activado para la utiizacién en sistemas de flitro

incluyendo la remocién de mercurio

Se ha mencionado que la presentacién hecha aqui describe
un método el cual puede procesar carbén para producir
abundante energia llmbla de manera muy éﬂcnente Yy en un
amb;ente totalmente cerrado para calentamiento, transporte,
potencia eléctrica, quimicos y similares, como una aiternativa al
petréleo y al gas natural, incluyendo la capacidad para fabricar

coque y carboén activado

-



REIVINDICACIONES.

1 Un método para producir energia impia a partir de
carbon comprende

Alimentar carbén a una cdmara la cual esta sellada a Ia

atmdsfera y que pose2 un extremo de carga y un extremo

de descarga,

Mover el carbén dentro de dicha camara hacia el extremo
de descarga,

Inyectar oxigeno el cual es esencialmente puro de tal
manera que se gquema una porcién del carbén aunque se

mantiene una atmdadsfera presurizada de reduccidén a

() Causar Ia iberacién de niveles altos de energia

térmicas para desvolatilizar el carbén, y

H])] producir un gas de partida rnco en hidrégeno
presurizado que contiene destilados

derivados del carbén causantes de cancer e



hidrocarburos junto con un carbonizado

caliente,

craquear los destilados derivados del carbén causantes
de cancer y lo hidrocarburos contenidos en el gas de
partida nco en hidrégeno para fabricar un gas
craqueado rico en hidrégeno que después de la
desulfurizacién se convierte en un gas de sintesis rico

en hidrégeno impio,

dirigir el carbomzado caliente a un gasificador el cual

esta sellado a la atmaésfera,

gasificar el carbonizado callente con aire en
dicho gasificador para producir un segundo gas

combustible de partida y una escoria fundida,

Hacer fluir el segundo gas combustibie de
partida junto con la escoria fundida por una puerta
comun hacia fuera de dicho gasificador para mantener
dicha puerta abiel ta para el lIlbre fluJo del segundo gas

combustible de partida y de la escoria fundida,



Separa el segundo gas combustible de partida de
la escoria fundida después de salir de dicha puerta

comun,

Dingir el sequndo gas de partida a un sistema de
limpieza para limpiarlo y asf producir un segundo gas
combustible limpio adecuado para la combustién con

la formacién baja de NO,, Y

Calmar la escoria fundida para convertiria en un

sélido no-lixiviado

El método de acuerdo con la rewindicacion 1 que
comprende adicionaimente el sintetizar dicho gas de
sintesis rico en hidrégeno limpio en un combustible

liquido o un quimico

El método segun la rewindicacién 1 que comprende
adicionalmente utihzar dicho gas combustible impio

para la generacion de potencia eléctrica

(p\



El método segun la relvindicacion 1 en donde la etapa
de gasificar el carbonizado caiiente con aire en dicho
gasificador para producir un gas combustible de
partida esta caracterizado adicionalmente por la etapa
de sustitutr el aire con oxigeno esencialmente puro y
vapor para poder hacer un gas de partida rico en
hidrégeno en lugar de un gas combustible a partir del
carbonizado, que después de ser impiado, un gas de
sintesis limpio es obtemido el cual puede ser
sintetizado en un combustible hquido para el

calentamiento o el transporte

El método segun 1a reivindicacién 1 en donde |2 etapa
de inyectar oxigeno que es esencialmente puro de tal
manera que se quema una porcién del carb6n esta
caracterizado adicionaimente por la etapa de sustituir
el aire por oxigeno puro para poder hacer un gas
combustible de partida que después de limpieza, un
gas de combustible limpio es obtenido el cual puede
ser utilizado para calentamiento o0 generacién de

potencia eléctrica



10

El método de acuerdo con la reivindicacidn 1 que

incluye el uso de aire precalentado

El método segun 13 rewvindicacion 1 que incluye el uso

de aire enriquecido con oxigeno

El método segun la reivindicaciéon 1 en donde la etapa
de gasificar el carbonizado caliente con aire en dicho
gasificador comprende la inyecciéon de aire en el modo

de caida hacia abajo

El método segun se establece en la reivindicacion 8
que comprende adicionalmente la inyecclén de aire
en una pluralidad de penetraciones dentro de dicho

gasificador

El método segun la rewvindicacidén 1 que tncluye la
etapa de compactar el carbén contra Ia pared de 1a
camara en el extremo de carga a tal grado como para
densificar el carbén vy hacerlo esencialmente
impermeable al tlujo de gas en el extremo de carga

para poder forzar los gases de partida presurizados



11

12

13

generados durante el calentamiento del carbén para
que fluyan hacia el extremo de descarga de dicha

camara

El método establecido en la reivindicaciéon 1 en donde
la etapa de hacer fluir el gas combustible de partida
junto con la escotia fundida por una puerta comtun de
dicho gasificador incluye la etapa de suministrar una
energia térmica suplementaria para impedir Ia

solidificacidon de la escoria fundida en dicha puerta

El método establecido en la reivindicacion 11 gue
incluye la etapa de suministrar medios para inyeccién
de oxigeno para quemar una porcién de dicho gas
combustible de partida para crear dicha energia

térmica suplementaria

El método establecido en ia rewindicacién 11 en
donde dicha energia térmica suplementaria es

derivada de medios de induccion eléctrica



14

15

16

El método establecido en Ia reivindicacidon 1 en donde
la etapa de hacer fluir el gas combustible de partida
junto con la escoria fundida por una puerta comun
hacia fuera del gasificador incluye la recoleccién de la
escora fundida en un receptor que servir como bano

de fusion

El método establecido en Ia reivindicacion 14 que
incluye la etapa de dingir el gas combustible de
partida junto con la escoria fundida al receptor de una
manera sumergiga para causar que el gas combustible
de partida burbujee dentro del bafo fundido para
poder separar la escoria del gas combustible de
partida y esencialmente retirar el gas combustible

haciendo uso de [a bolsa fundida en dicho receptor

El método establecido en la rewvindicacién 14 que
Incluye la etapa de suministrar una puerta de salida de
gas por encima del bafio para la descarga del gas

combustible separado

(s



17

18

19

20

El método establecido en la rewindicacion 14 que
Inciuye ia etapa de sumunistrar un vertedero para que

la escoria fundida fluya fuera de dicho receptor

El método establecido en la relvindicacion 17 que
Incluye la etapa de suministrar aguas debajo de dicho
vertedero una cdmara de calmado con agua para
enfriar 1a escoria fundida y volveria un sélido no-

IxXiviado

El método segun la revindicacién 1 en donde el

método es conducido bajo presidn

El método de acuerdo con Ia rewindicacién 1 en
donde la etapa de Inyectar oxigeno que es
esenclialmente puro de tal manera que se quema una
porcién del carbdn esta caracterizada adicionaimente
por la etapa de Inyectar el oxigeno desde un
comportamiento localizado aguas abajo del extremo

de descarga de dicha camara



21

22

23

El método de acuerdo con Ia reivindicacién 20 que
comprende adiclonalmente una zona radiante caliente
dispuesta en dicho compartimento para reflejar
energia térmica intensa contra el carbén en el
extremo de descarga de dicha camara para agilizar Ia
desvolatilizacién del carbén y los destilados del carbén
de craqueo e hidrocarburos que son causantes de

cdncer

El método establacido en la rewvindicacién 1 en que
Incluye pasar los gases calientes por chimeneas

dispuestas en la pared de dicha cdmara

El método establecido en ia reivindicaciéon 1 en donde
la etapa de mover el carbdn dentro de la cdmara hacia
el extremo de descarga esta caracterizado
adicionailmente por hacer mover el carbon
progresivamente con pausas para poder crear caras
frontales nuevas sucesivas de carbdn en el extremo de
descarga de dicha cdmara para la exposicion eficiente

del carbdn al calor radiante



24

25

26

27

El método segln se establecido en la reivindicacion 1
caracterizado adicionaimente por baiancear la presién
entre la etapa de Inyeccion de oxigeno para quemar
una porcién del carbon y la etapa de gasificar el
carbonizado con aire de modo que se Impide
esenciaimente la contaminacion del gas rico en

hidrégeno por el gas combustible

El método segun la rewvindicacion 14 que Incluye la

etapa de calentar el receptor

El método segun la rewindicaclén 25 en donde el
calentamiento del receptor de deriva de medios de

induccion eléctricas

El método establecido en la rewindicacion 1 que
comprende adicionalmente la Inyeccion de oxigeno el
cual es esencialmente puro de tal manera que se
quema una porcién del carbén en una pluraiidad de
puntos de modo que se quema més eficientemente el
carbén mientras se mantiene una atmosfera de

reduccién

A



28

29

30

31

32

El método segun la rewvindicaciébn 1 en donde el
oxidante es agregado para elevar I1a temperatura del
gas craqueado rico en hidrégeno antes de su

desulfurizacion

El método segun 1a rewindicacibn 1 en donde un
oxidante es agregado para elevar la temperatura del

gas combustible antes de su desulfurizacion

El método segun la reivindicacién 28 que incluye la
desulfurizacién en un sistema de limpleza que es

degenerativo

El método segiin Ia revindicacion 29 que incluye I3
desulfurizacion en un sistema de !impieza que es

degenerativo

El método segun Ila reivindicacién 1 que incCluye
adicionalmente la inclinacidn de la cdmara del reactor

de tal manera que se dirige hacia el extremo de



33

34

35

36

descarga para facilitar el movimiento del carbdn

dentro de dicha camara

El método segtin 1a revindicacion 1 que incluye el paso
de los gases en chimeneas suministradas a la camara

de dicho reactor

El método segun Ia rewvindicaciéon 1 que Incluye Ia
adicién de biomasa al carbdn para procesarios en

unidad

El método estdblecido en la rewvindicacién 1 que
incluye la adiién de desechos al carbén para

procesarios en unidad

El método de acuerdo con la rewindicacién 1 en
donde la etapa de gasificar el carbonizado caliente se
elimina para imitar la conversién del carbén en coque

0 carbonizado



37

38

El método de acuerdo con ia rewvindicacién 36 en
donde el coque 0O el carbonizado son convertidos en

carbén activado

El método establecido en la reivindicacién 1
caracterizado adicionalmente por balancear Ilas
expresiones entre la etapa de Inyectar oxfgeno vy la
etapa de gasificar el carbonizado, y la etapa de
gasificar el carbcnizado y calmar de 1a escoria fundida
para poder controlar los diversos flujos de Ios gases en

el proceso
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REIVINDICACIONES DE LA FASE NACIONAL.

Relvindicacion 1. Un método para producir
energia impia a partir de carbén comprende

Allmentar el carbén en una camara que esta sellada a
la atmdésfera y la cual posee un extremo de carga y un

extremo de descarga,

Mover el carbén dentro de dicha camara hacia la puerta de
descarga,

Inyectar oxigeno el cual es esenciaimente puro de tal
manera que se guema una porcién del carbén mientras se

mantiene una atmdadsfera presurizada de reduccién para

{)] Causar la iberacidon de la energia térmica para

desvolatilizar el carbén, y

({]}] producir un gas de partida rico en hidrégeno
presurizado que contiene destilados e

hidrocarburos derivados del carb6n



causantes de cancer junto con un carbonizado

caliente,

craquear los destilados e hidrocarburos derivados del
carb6n causantes de cancer contenidos en el gas de
partida rico en hidrégeno para hacer un gas
craqueado rico en hidrégeno que después de la
desulfurizacién se convierte en un gas de sintesis rico

en hidrégeno limpio,

Dirigir el carbonizado caliente a un gasificador el cual

esta sellado a Ia atmaésfera,

Gasificar el carbonizado caliente con un oxidante
en dicho gasificador para producir un segundo gas de

partida y una escoria fundida,

Hacer fluir el segundo gas de partida junto con la
escoria fundida por una puerta comun hacia fuera del
gasificador para mantener dicha puerta abierta para el
hbre fluo del segundo gzg de partida y de la escoria

fundida, d



separar el segundo gas de partida de fa escoria

fundida después de salir de dicha puerta comun,

Dirigir el segundo gas de partida a un sistema de
limpieza para iimpiario y asi producir un segundo gas

limpio, y

calmar la escoria fundida para convertiria en un

sélido no-lixiviado

Reivindicacién 2 £l método de acuerdo con Ia
rewvindicacién 1 que comprende adicionalmente sintetizar
dicho gas de sintesis rico en hidrégeno limpio en

combustible o quimico hiquido

Relvindicacién 3. El método segun la relvindicacion 1
gue comprende adicionalmente utilizar dicho gas

combustible Iimpio para la generacién de potencia eléctrica

Reivindicacion 4 El método establecido en Ia

rewvindicacién 1 en donde el carbomzado caliente es



gasificado con oxigeno esencialmente puro y vapor para
poder hacer un gas de partida rico en hidrégeno a partir del
carbonizado el cual, después de la limpieza, se produce un
gas de sintesis limpio que puede ser sintetizado en

combustible lquido o gaseoso rico en hidrégeno

Relvindicacion 5. El método segun se establece en la
reivindicacién 1 en donde la etapa de inyectar oxigeno que
es esencialmente puro de tal manera gue se quema una
porcién del carbén esta caracterizada adicionalmente por la
etapa de sustituir el aire por ox/geno puro para hacer un gas
combustible de partida que después de hmpiado, se obtiene
un gas combustible Impio el cual puede ser utiizado para

calentamiento o generacién de potencia eléctrica

Reivindicacion 6 El meétodo de acuerdo con la

revindicacion 1 que incluye el uso de aire precalentado

Reivindicacion 7. El método de acuerdo con Ia
reivindicacion 1 que incluye el uso de aire enriquecido con

oxigeno



Reivindicacion 8. El método establecido en Ia
reivindicacién 1 en donde la etapa de gasificar el
carbonizado caliente con aire en dicho gasificador
comprende la inyeccién de aire en el modo de descarga

hacia abajo

Reivindicacioén 9. El método establecido en Ia
reivindicacién 8 que comprende adiclonalmente I3
Inyeccién de aire en una pluralidad de penetraciones dentro

de dicho gasificador

Reivindicacién 10. El método establecido la
relvindicaclén 1 que incluye 12 etapa de compactar el carb6n
contra la pared de la cdmara en el extremo de carga a tal
grado que se densifica el carbdén para esenciaimente hacerlo
impermeable al flujo de gas en el extremo de carga para
poder forzar [os gases de partida presurizados generados
durante el calentamiento del carb6n para que fluyan hacia

la puerta de descarga de dicha cdmara

Reivindicacion11. EI método establecido en |3

rewvindicacion 1 en donde la etapa de hacer fluir el gas



combustible de partida junto con la escoria fundida por una
puerta comun de dicho gasificador incluye Ila etapa de
suministrar una energia térmica suplementaria para impedir

la solidificacién de la escoria fundida en dicha puerta

Reivindicaciébn 12. El método de acuerdo con Ia
reivindicacién 11 que incluye 1a etapa de suministrar medios
para inyeccién de oxidante para quemar una porciéon de
dicho gas combustible de partida para crear dicha energia

térmica suplementaria

Reivindicacion 13. El método establecido en la
reivindicacién 11 en donde dicha energla térmica

suplementaria es derivada de medios de Induccién eléctrica

Relvindicacibn 14. EI método establecido en Ia
reivindicacién 1 en donde {a etapa de hacer fluir el gas
combustible de partida junto con Ia escoria fundida por una
puerta comun hacia fuera del gasificador incluye Ila
recoleccién de Ia escoria fundida en un receptor que servir

como bafio fundido

50



Relvindicaciébn 15 Fl método establecido en |la
reivindicacién 14 que incluye la etapa de dirigir el gas
combustible de partida junto con la escoria fundida al
receptor de una manera sumergida para causar que el gas
combustible de partica burbujee a través de dicho bafio
fundido para poder separar la escoria portada del gas
combustible de partida y esencialmente hmpiar el gas
combustible haciendo uso de la escoria fundida en dicho

receptor

Reivindicacién 16 El método segun se establece en la
reivindicacidon 14 que incluye la etapa de suministrar una
puerta de salida de gas por encima del baho para la

descarga del gas combustible imptado

Reivindicaciébn17. EI método establecido en Ia
reivindicacién 14 que incluye la etapa de suministrar un
vertedero para que la escoria fundida fluya hacia fuera de

dicho receptor

Reivindicacion18. EI método establecido en I3

reivindicacion 17 que incluye la etapa de suministrar aguas



abajo de dicho vertedero una cdmara de calmado con agua
para enfriar la escoria fundida y volveria un soélido no-

lixiviado

Relvindicacion 19. El método establecido en Ia

rewvindicacién 1 en donde el método es conducido bajo

presiéon

Relvindicacién 20. El meétodo de establecido en Ia
relvindicacién 1 en donde la etapa de inyectar oxigeno que
es esencialmente puro de tal manera que se quema una
porcion del carbdn esta caracterizada adicionailmente por la
etapa de inyectar el oxigeno desde un comportamiento
localizado aguas abajo del extremo de descarga de dicha

camara

Reivindicacién 21. El método establecido en Ia
reivindicacion 20 que comprende adicionalmente una zona
radiante caliente dispuesta en dicho compartimento para
reflejar energia térmica intensa contra el carbén en el

extremo de descarga de dicha camara para agilizar la

oV



desvolatiizacién del carbén y los destilados del carbon de

craqueo e hidrocarburos que son causantes de cancer

Reivindicacion 22. El método establecido en la
revindicacion 1 en que incluye pasar los gases calientes por

chimeneas dispuestas 2n la pared de dicha cdmara

Reivindicacién 23  El método seguin la rewvindicacion 1
en donde la etapa de mover el carbén dentro de la cdmara
hacia el extremo de descarga esta caracterizado
adicionalmente por hacer mover el carbén progresivamente
con pausas para poder crear caras frontales nuevas sucesivas
de carbdn en el extremo de descarga de dicha camara para

la exposicidn eficiente dei carbdn al calor radiante

Reivindicaciébn 24 EI método establecido en Ia
reivindicacion 1 caracterizado adicionalmente por balancear
la presi6bn entre la etapa de inyeccién de oxigeno para
quemar una porcién del carbon y la etapa de gasificar el
carbonizado con aire ce modo que se Impide esenciaimente
la contaminacién del gas rico en hidrégeno por el gas

combustible



Reivindicacion 25 El método de acuerdo con Ila
reivindicacion 14 que Incluye la etapa de calentar el

receptor

Reivindicaciéon 26. El método de acuerdo con |Ia
reivindicacién 25 en donde el calentar del receptor se deriva

de medios de Induccién eléctricas

Reivindicacion 27. El método segun la reivindicacion 1
que comprende adicionalmente Inyectar el oxigeno que es
esencialmente puro de tal manera que se guema una
porcién del carbén en una pluralidad de puntos para
quemas mas eficientemente el carbén mientras se mantiene

una atmdsfera de reduccion

Reivindicacion 28. El método segun la rewvindicaciéon 1
en donde un oxidante es agregado para elevar la
temperatura del gas craqueado rico en hidrégeno antes de

su desulfurizacion



Reivindicacion 29 El método establecido en Ia
reivindicacién 1 en donde un oxidante es agregado para
elevar la temperatura del gas combustible antes de su

desulfurizacion

Reivindicacién 30. EI método establecido en Ia
reivindicacién 28 que Incluye Ia desulfurizacibn en un

sistema de limpieza que es degenerativo

Reivindicacion 31 El método segun se establece la
rewvindicacién 29 que incluye la desulfurizacibn en un

sistema de impieza que es degenerativo

Reivindicacién 32. EI método establecido en Ia
reivindicacién 1 que incluye adiclonalmente a inclinaciéon de
la cdmara del reactor de tal manera que se dirige hacia el
extremo de descarga para facilitar el movimiento del carbén

dentro de la camara

Reivindicacion 33 El método establecido en Ia
reivindicacién 1 que incluye pasar de los gases por

chimeneas suministradas a la camara de dicho reactor



Reivindicacién 34. EI método segun se establece la
reivindicaciéon 1 que inctuye la adicién de biomasa al carbon

para procesarios en unidad

Reivindicacién 35. El método segun se establece 1a
reivindicacién 1 que incluye la adicién de desechos al carbén

para procesarios en unidad

Reivindicacibn 36. EI método establecido en |Ia
reivindicaciéon 1 en donde la etapa de gasificar el
carbonizado caliente es eliiminada para imitar la conversién

del carb6n en coque o carbonizado

Reivindicacién 37 El método de segtin la reivindicacion
36 en donde el coque o el carbonizado son convertidos en

carbén activado

Reivindicacion 38 El método de acuerdo con Ia
reivindicacidn 1 caracterizado adicionalmente por balancear
las expresiones entre la etapa de inyectar oxigeno y la etapa

de gasificar el carbonizado, y la etapa de gasificar el



carbonizado, y el calmado de la escoria fundida para poder

controiar 1os diversos flujos de {0s gases en el proceso

Reivindicacion 39. El método segun la
reivindicacién 1 en donde el carbonizado caliente es
gasificado con aire para producir un gas combustible de
partida que después de la lmpleza produce un gas
combustible limpio adecuado para la combustién con baja

formacion de NO,

Reivindicacibn 40 Un método para producr energia
impra a partir de carbén que comprende

Allmentar carb6n a una camara la cual esta sellada a la
atmdésfera y la cual que posee un extremo de carga y un

extremo de descarga,

Mover el carbén dentro de dicha cdmara hacla el extremo
de descarga,

Inyectar oxigeno de ftal manera que se quema una porcién
del carbén aunque se mantiene una atmgsfera de reduccion

presurizada para



n Causar la liberacién de energia térmica para
desvolatilizar el carbén, y

an Producir un gas de partida rico en hidrégeno
presurizado que contiene destilados e
hidrocarburos derivados del carbén causantes

de cancer junto con un carbonizado caliente,

Dirgir el gas de partida rico en hidrégeno presurizado
de tal manera que emerge del extremo de descarga de

dicha camara,

Craquear los destilados e hidrocarburos derivados del
carbén causantes de cancer contenidos en el gas de
partida rico en hidrégeno para hacer un primer gas de

craqueo rico hidrégeno,

Dirigir el carbonizado caliente a un gasificador de
separacion el cual esta sellado a la atmadsfera y gasificar
ahi para producir un segundo gas y una escoria

fundida,

Remover dicha escoria det sistema, y



Limpiar dicho primer gas y dicho segundo gas para

producir gases impios para aplicaciones utiles

Reivindicacion 41 ElI método establecido en Ia
reivindicacién 40 que comprende adicionaimente Ia

Inyeccién de vapor con dicho oxigeno
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[57] ABSTRACT

A process for the efficient production of power from
non gaseous carbonacecous fuels such as coal or heavy
fuel 01l 1n a steam power plant in which the carbona
ceous fuel 15 first gasified at relativety lngh pressure and
temperature by partial oxidation with oxygen to pro
duce 2 fuel pas, the fuel gas from the partial oxidaton
reaction ts expsnded to a lower pressure 1o 8 lurbine
Undesirable compounds, g sulfur compounds are
removed from the fuel gas and the fucl gas supplhed to
s steam boiler for the production of power

The process of this mvention provides an effective
means for coaversion of gas fired steam generation
facilities to coa) or heavy fuel oil while nt the same time
meressing the power generating capacity of the mstalla
tion, all wath mummal atmosphenc pollution The pro
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PROCESS FOR THE GENERATION OF POWER
FROM SOLID CARBONACEQUS FUELS

This invention relates to 8 method for the gperation 5
of gas fired heaters and power plants with a non gase-
ous carbonaceous fuel such as coal or heavy fuei oil es
fue) for the plant wath minimal conversion proklems and
mmmal aimosphenic polluion The process provides a
means for the economical conversion of existing facth 10
ues, for example industria) boilert heaters furmaces
and power plants from gas to coal or heaby fuel ml By
the process of this invention the capacity of a given
boller or pas-fired steam gencration facility may be
mereased without any substantal modificanon of the
botler

The shortage of petrolezm products in various paris
of the world tncluding the United States of Amenca
has resulted in governmental regulanons to conserve
the dwindling supply of natural gas which often requre 20
conversion of existing gas-fired heaters and bailers to
ather forms of fosail fuels. At the same tme, environ
mental rcguiabons in many places restrict th relatve
amounts of sulfur compounds and oxides of mtrogen
which may be discharged inio the atmosphere. A num 25
ber of mdustnal heater and boilers, including those
owned and operated by large public uthbies m therr
clectrical generation plants were designed for the com
bustion of gaseous fuels such as natural ga are oot
readily adaptable to direct converwon to other fuels 30
Basic design factors used mn the design and construction
of gus fired heaters and barders mitigate against thear use
as oil fired or coal fired boilers and heaters

It has been proposed heretofore to conver coal and
other solid carbonaceous fuels to fuel gases of vanoas 35
qualittes ranging from low heaung value fuel gas to
gases of high calorific value which may be substituted
for naturu! gas In a co-pending patent apphcation Ser
No 976 950 filed Feb 13 1978 and having a common
assignee with this patent apphcation, there 5 dhsclosed 8 40
process for the generation of power from solwd carbona
ceous feel with minimal atmosphenc polluticn wherern
the fuel 15 subjected to a senes of parual oxidation steps
followed by complete combustion with the rucovery of
pawer from the gaseous products following cach of the 45
oxidation stages The process provides also for the re
moval of sulfur-contaimng gases from the fuel gas pro
duced by the partial oxidation of salid fucl so that waste
gases from the process are substanually free Irom sulfur

3

compounds 30

The process of this invention provides a method of
producing power efficiently from vanous sold fuels,
mcluding low grade agh-sulfur content fucls using
exishing boilers heaters, and steam gencranon facihues
designed for gaseous fuels while at the same ume oy 55
mizing ar pollution problems.

By the process of this mvention for example, »t 18
passible ta convert gas fired steam boiler power plants
to plants unluing coal as fucl with no logs of power

producing capacity or steam generation ability and in 60

fact 1t 15 possibie to increase the power output from any
gtven boiler installation utilizing the process of ths
mvention In the process of thy invention carbona
ceous fuel 5 subjected to partial axidetion with rela

tively pure oxygen a a pressure in the range of 35 to [70 65

bars (500 10 2500 psi) preferably 70 1o 105 Lars (1000 to
1500 psi) at » temperature in the mnge of 950 to 1650
C (1800 10 3000 F) effecting conversion of the carbo-

oy
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naceous fuel 1o a high pressure paseous fuel siream
compnting carbon monoxide hydrogen and methane
and having s higher heating valve in the ange of 510 I
MJI/m3 (150 to 300 Biu s/fi*) The parual oxidation of
solid carbonaceous fuels to gases contmiming carbon
monoxide hydrogen and methane 15 fairty well known
and 15 descnbed for example 1n U S Pat No 3 544 291
to W G Schitnger et al which disclosure 15 incorpo

rated heremn by reference

The drawmg i 8 schematic representanon of & pre
ferred embodiment of the process of this invention

With reference 10 the drawing 8 gesifier or gas gen
erator of the type descnibed in the above mentioned
US Pat No 3544 291 15 designated by reference nu
meral 5 Carbonaceows fuel which may compnse pul
venized ¢corl coke or solvent refined coal residue or a
heavy petroleum residuun 1s supplied to o gas generator
through supply line 6 Oxygen containing gas, prefera
bly commercially pure oxygen contamming 98% or more
frec oxygen 15 supplied into admixture with the fuel 1o
the gas generator through supply hne 7 Sicam or water”
1s supplied n adruxture with the fuel through supply
line 6 The feedstreams to the reaction zone preferably
comprise oxygen at a temperature m the range of am
ent 10 150 C (300 F) carbonaceous fuel at a tempera
ture 1n the mnge of 300*t0 400 C. (572 to 752 F) and
steam supplied to the gas generator at generator pres
sure and at a temperature n the range of 260 (0 650 C
{500°to 1200 F) The reaction u carned out in the high
pressure partial oxidation reactor 5 at & pressure n the
range of 35 to 170 bar (500 to 2500 ps1) at &n autogenous
temperature in the range of 980 to 1650 C. (1800 to
3000 F) with substantially complete comsemption of
the combustible portions of the solid fuel 10 oudes of
carbon to produce a high pressure fuel ges compnsing
carbon monoxide hydrogen and methane together
with smaller amounts of carbon dioxide, mitrogen and
gaseous sulfurcontamung compounds principally hy
drogen sulfide and carbonyl sulfide,

The high pressure raw fuel gas product stream dis-
charged from the gas generator 4 s passed to a slag trap
9 of sump to permit molten slag and large solid paru
cles to scparate from the gas stream The slag or other
solids may be discharged from the slag trap through line
11 Hot gases contumnng fly esh and soot are passed
through hoe 12 successively to a waste heat boiler 13
for the generstion of steam and then to regenerstive
heat exchangers 14 and 16 and a feed water heater 17
wherein the gases are cooled The cooled gases are
supplied to a punficaticn system 18 for the removal of
fly ash soot, and sulfur compounds from the fuel gas
stream as well ss water and part of the carbon dioxide
contamed 1n the raw fuel gas to produce a clean fuel
gas Water ash, and unconsumed carbon or sool re
moved from the fuel gas 1n the gas punification system
are discharged through bne 19 Hydrogen sulfide, to-
gether wath mare or Jess carbon dioxide separated from
the fuel gas stream 15 withdrawn through hne 21 for
disposal a3 by chemical processing for example, con
version to elemental sulfur sulfunc acid or sammonum
sulfate

The removal of scid gases from the fuel pas steam
the purtfication system 18 may be effected by any of th=
standard gas punfication processes, for example, by
scrubbing the gns stream with molten alkali salts or with
ar zqueous solution of hot potassium carbonate or wath
an aquecous solution of an amine such as ethanolamine
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The clean fucl gas so produced having a agher heat
ing value mn the range of 9 to 13 Ml/mJ (250 to 3150
Bw/fi3} s passed through hne 23 serally through re-
generative heat exchangem 16 and 14 ta a first pressure
let-down turbine 24 where the pressure 1s reduced by
expannon of the gases through the turbme with the
generation of power and simultaneous cooling of the
ges stream.

The gas streamn discharged from the first turbine 24,
suitably al & pressure in the range of 7 to 10 bar (100 to
150 psig) 18 passed through line 25 (o regenerative heat
exchanger 14 where 3t 1 rehested and then passed
through line 26 1o & second pressure let-down turbine
27 In the second gas turbine 27 the fuel gas stream 15
expanded with the production of power and simulta
neous cooling of the gas stream, to a pressure m the
range of 2tmosphenc to aear-atmosphenc pressure 102
to 1 4 bar (15 to 20 pma) The resulting low pressure fuel
gas 13 supplied to the firebox (FB) of a steam boiler 30

5

designed for finng with gas Aur for complete combus- 20

tion of the fuel 15 supphed to the firebox of the boller by
blower 31 through Line 32 ioto admixture with the fuel

The steam boiler (Hustrated disgrammaucally repre-
sents a relauvely standard demgn commercial utlity
power plant boiler having s vaponzing section 1n the
lower part of the botler a steam superheater sbove the
Vaponzing secuon and economizer sections so the upper
portion of the boiler including a feed water (FW) heat
ing section and a second steam generating gection sbove
the stearn super heater section. The boiler per se, forma
no part of the present inventon and may be of standard
design Steam from the boiler 18 discharged through line
34 conventionsl steam turhine 35 for the generation of
power Power in the form of electnical energy 1 gener
ated in generator 36 of conventional design As illus-
tratcd all of the turbines are connected with and supply
power to a single genemmtor 36 It wall be evident that
any number of turbines and generators may be cm
ployed sepamately or in combination

Exhaust sicam {rom the sicam turbine 35 15 dis
charged through line 36 to a condenser 37 supplied wath
cooling water and If desired o water leg condenser
Condenaate 13 pumped by pump 38 to the fecd water
system and may be recircalated to the boiler after heat
ing in feed water heater 17, the feed water (FW) heater
sectbn of boiler 30 or both

In an alternate preferred embodunent of the process
of this immvention, a portion of the clean fuel gas after
expansion mn the first let down turbine 24 1 passed
through hine 41 1o burner 42 of a combustion gas turbme
43 wheretn 1t 13 completely burned with 2 large excess
of ar supphcd to the combustor sechion 42 of the tur
bine from an ar compressor 44 preferably dnven by
the combustion gas turbine. The exhaust gas from com
bustion gas turbine 43 contains unreacted oxygen in
preheated condiion which when supplied o the boiler
1 admuxture with fuel from line 28 serves as a source of
preheaied oxygen contaming gas for combuwion of fuel
1n the boiler It wall be understood that combustor 42 of
the combustion gas turbme may be arranged n a con
ventional manner for example as m mrcraft jet engines
to bypass a portion of the air from sir compressor 44 to
exhaust linc 45 In this way any desired amount of air
may be passed through combustion gas turbine 43 and
ine 46 10 the boiler in one embodiment of this inven
non jliustrated 1n one of the following examples, all of
the air required for combustion 1s supphed to the steam
borler from compressor 44 o that blower 31 15 nol

n

45

35

&5

4
needed. 1t should be understood that enther blower 31 or
air compressor 44 may be used to supply all of the mir
requred for the boiler or that both may be used simul
taneously with part of the ar supplied by blower 31
and part supplied by compressor #4

EXAMPLE 1

An luudan 1 coxl saalymng 0.87 weight percent
nitrogen 1 78 percent sulfur 64,31 percent carbon 4 92
percent hydrogen 14 97percent oxygen and 13 14 per
cent ash and having & lower heating value of 26 17
MJ/Kg (11 510 Biu/1b) 15 charged st the rate of 41 116
Kg/br (90 645 Ib/hr) to a flow type gas generator or
gasifier of the type disclosed tn US Pat No 3 544 291
In the gas generator coal 15 subjected 10 & disperve
phase, nopcatalyne partia! omdahon reaction with
oxygen of 98 volume t punty suppled to the
reactar at the rate of 27 205 Kg/hr (59 976 Ib/hr) and
steamn supphed to the reactor wath the coal at the rate of
27 636 Xg/br (62 038 Tb/br) The oxygen 15 supplied to
the gas generator at 38 C. (100 F) while the coal and
steam in admuxture with ane anather are supplied to the
gas generator at 300° C, (575 F) The reachon 15 car
ried out in a lugh pressure reaction zons of gas geners
tor 3 at 8 pressure of 8§38 bar (1213 psia) and at an
sutogenous temperature of 1200° C (2200" F} n a fly
ash mode, producing a raw fuel gas of the following
composition

Zaw Fuel Gus
Companent Valume %
Carbon monoxide nu
Carbon dioslde 52
Sumam o
Hydrogen sulflde D48
Curbonyl sulfide 0.0
Hydragen W27
Nitroges oL
Argos 004
Methape 0.60

The mw fue! gas leaving the generator st 1200 C.
and 83 § bar Is conled to 93 C. (200" F ) and passed 10
the gas purificshion systern 18 at the rete of 87532
Kg/hr (192,929 ib/hr) The gas stream from the geners
tor carnes with it ash and onconsumed carbon amount
g to 2098 Kg/hr (4626 1b/hr) of ash and 1486 Kg/hr
(3273 b/hr) of unconverted carbon

The punfication system removes approximately 98
percent of the sul{fur-contaning compounds all of the
particulate ash and soot carried over from the gas gen
erator and substantially sll of the water a3 well as ap
proaunately 20 percent of the carbon dioxide from the
fuel ges stream. The punified fuel gas is discharged from
the gas punfication system 18 through line 23 at a pres-
sure of 82.1 bar (1190 psis) and 38 C. (100 F) at the
rate of 61 723 Kg/hr (136 075 Jb/hr) The punfied fue)
gas has the following composition

_Punfied Fuet Gas

Coamponent Volume %
Cartun manoade 4719
Cathon dinade 10.64
Water vapor 0.DR
Hydrogen sulfide am

C rhomyl ulfide L]
Hydrogen a0ns
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-continued
Punified Fuel Gas
Componcnt A olumie %
Nitrogen on
Argon 006
Methane 0B

6
Ib/hr) The combustion gas turbine generates power in
excess of that requred to drive the sir compressor
Exhaust gas from combustion gas turbine 43 has the
followang compomtion

The punfied gas stream from the gz punficzstion 10

zone 15 passed through line 23 and reversing heat ex
changers 16 and 14 where 1t 15 heated to ¢ tempermtore
of 871 C (1600 F ) and supplied at the rate of 61 721
kg/hr (136 075 1b/hr) to the nlel of a first gas turbine 24
where 1t 15 expanded to & pressure of 9 77 bar (1417
psia) with the production of power and the simulta
neous reduction of its temperature to 447 C (837 F)

In this example all of the exhaust gas from turbine 24
1s passed through Line 25 to regenerative heat exchanger
14 wheremn 1t 15 reheated to 871 C (1600 F) and deliv
ered 10 turbine 27 at & pressure of 9 48 ber (137 4 paa)
wherein 1ts pressure 13 further reduced to | 14 bar (16 3
psia) with the production of power and mmultaneous
reduction of its temperaturc to 447 C (837 F ) Exhaust
gas from turbine 27 15 passed at & rate of 61 723 kg/hr
(136 075 ib/hr) through line 28 to the fire box of gas
fired stcam boier 30 as fuel for the boiler Air i sup-
plied to the boiler from blower 31 through line 32 at a
pressure of 1 14 bar (16 5 psis) at a tempernture of 38 C
{100 F) and at the rate of 214 140 Ky/hr (472097
lb/hr) The clean fuel gas supplied to th boiler has a
lower heating value of 1009 MJ/m3 (270 75 Btu/f13)

In ths exemple 839720 MJ/hr (795943 XI1D°
Btu s/hr) of heat ere recovered 1n the bollers and feed
water heater for the production of steam. O thus
amount 72,238 MJ/hr (68 472 X 10° B s/hr) are re-
quired to produce steam for the gas generator § The
balance of the steam 1s converted to 336 990 MlI/hr
(290 988 X 10® Btu s/hr) of power 1o the steam turbine
35 An addrtional 94 040 MJ/hr (89 138 X108 s/hr) of
power are recovered from the pressure let down tur
bunes 24 and 27 for a total system net power output of
401 030 MJ/hr (380 016 X 103 Btu s/hr)

In this example, the plant delivers 111 4 thousand
kilowatts of electrical energy with an overall plant
cfficiency of 36.4 percent. Plant efficency u defined as
the amount of energy dehvered by the plunt i the form
of electne power divided by the wsnount of beat energy
supplied to the plant as fuel neglecung the energy re-
quirements of the oxygen plant needed to supply pure
oxygen o the system

EXAMPLE 2

In & second specific example of a preferred embod: s

ment of the present invention oxygen coal and steam
are reacted in the same proportions end under the same
conditions of pressure temperature and flow rates as 1n
Example 1 In this specific embodiment, & portion of the

clean fuel gus is withdrawn from the discharge of the 50

first turbine 24 through hne 41 atarateo 12,918 Kg/hr
(28 430 Ib/hr) and at a pressure of 9 77 bar (141 7 psia)
and & temperature of 447 C. (837°F ) and supphed o0
the burner 42 of a combuston gas wurbine 43 Aur s

compressed by an air compressor 44 dnv~n by the com &5

bustion gas turbine 43 and supplied to the burner 42 at
& pressure of L0 78 bar (141 7 paig) and a temperature of
351 C (665 F) at & rate of 212,111 } g/hr (467 624

Camponent Volume %
Carbon dioalde 516
Stesm 3
Qaygen 1595
Nurogen 7313

Exhaust gas from the combustion gas turbine 43 15
passed through line 46 to the steam bouler 30 at the rate
of 225 029 Kg/hr (496 104 Ib/hr) at a pressure of | 14
bar (16 5 psia) and & temperature of 532 C (989 F)for
complete combuston of the fuel gas supplied to the
boiler

The remamning portion of the clean fuel gas dis
charged from the first turbine 24 15 passed through line
25 at the rate of 48 804 Kg/hr (107 595 lo/hr) and at a
pressure of 9 77 bar (141 7 psia) and a tempersture of
447 C. (837 F) to regenerative hest exchanger 14
wheren 1t 15 heated 10 a temperature of 871 C (1600
F) and passed through line 26 to the sccond turbune 27
wherein its pressure 15 reduced from 9 48 bar to 1 14 bar
(137 4 paa 1o 16 5 psia) with the generation of power
and mmulianeous reduction 1n temperature of 447 C
(837 F) the cxhaust gas from turbine 27 15 passed
through bne 28 to the fircbox of the stcam boiler 30
where 1t 15 completely burned wath the oxygen-contain
ing gas supphed to the boiler from combustion gas tur
bine 43 through ke 46 In this example no mr 15 sup-
phed by blower 31

In this example, the first gas turbine recovers 47 020
MJ/hr (44 569 X 103 Btu/hr) and the second gas turbine
recovers 37 179 MJ/hr (35 241 x 10° Biu/hr) as power
An additional 51 056 MJ/hr (48 394 % 103 Btu/hr) are
recovered 1n the combustion gas tusbine as power In
this instance, 797 950 MJ/hr (756 352 % 10° Btu o/hr) of
heat are recovered 12 the boilers and feedwater heater
for the production of steam Of this amount 72 238
MI/hr (68 472 X105 Brus/hr) are requured for the
steam supphed to the gas generator The balence i
canverted to 290,285 MJ/hr (275 152 X 10% Btu 3/hr) of
power i the steam turbine. When added to the power
recovered by the two let down gas turbunes and the
combustion gas turbine, & total sysiem net power output
of 425 540 MJ/hr (403 356 »10° Btu s/hr) 15 obusined
The plant 1 capable of delivenng 118 2 thousand klo-
watts of electnerty wath an overall plant efficiency of
38 7 percent

The process of the present invention provides an
effective means for converting gas fired power plants to
coal while retmning ¢comparable overall plant efficien
cies Moreover,sigmiicant augmentation in oversl! plant
capacity 15 achieved by the addition of the gas turbines
and the various heat exchange units In the first exam
ple, the power generation capacity 5 mcreased by 26 2
percent as compared with the same power plent operat
g with natural gas under equivalent boiler conditions
In the case of the second example the power generation
capacity of the plant 13 increased by 41 3 percent by the
process of this invention

We claim

1 A process for the generation of power {rom a car
bonaceous fuel wheremn said fuel 15 subjected 10 partal
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oxidatior with oxygen at a pressure sbove 500 pse and
s temperature above 1800° F effeching converson of
aud carbonacecus fue! to a fue] gas stream baving a
hugher heating value in the range of 150 to 300.BTU/Rt?
camprising carbons monoxide, hydrogen, and methane 3
and contnning ash snd soot, which compnises cooling
said gas siream and separating unconverted carbon and
ash therefyom to produce & clean lutl gas stream re-
haating sald clean fuel gas stream, expanding sud re-
heated clean fuel gas stream wn an engine to produce & 10
first expanded fuel gas with the production of power
reheahng a portion of sad first expanded fuel gas and
expanding same m & second engine with the production
of power subjectung the expanded fuel gas from sard
second engme to substantially complete combusuon 18
with ar 1 a botler for the generation of ateam, and
expanding the resulting stcam n & steam turbme with
the generation of power
1 A process accordmg to clum 1 wherem said carbo-
naceous fuel contans sulfur and gaseous sulfur com 20
pounds arc scparated from said fuclgas stream 1n a gas
punfication step.
3 A process according to clum 1 wheremn sad carbo-
naceows fuel 15 coal
4 A process according to claun 1 wherem anid carbo- 28
naceous fuel 5 & petroleum remdoum.
5 A process accardmg ‘clmm 1 wheremn said carbona
ceous fuel 15 a residue from solvent refined of coal
6. A process for the generation-of power from a car-
bonaceous foel wherein sad fuel 15 subjected to partmi 30
oxdetion with oxygen at 2 pressure sbove 35 bars (300
psia) and & temperntre tn the moge of 980 to 1650° C

EL]

45

35

&3

167
8

(1800 to 300" F ) effecting convernon of sad carbons

ceous fuel to a high pressure fuel gas stream comprising
carbon monoude, hydrogen and methane having a
hugher heating value in the range of 5 o 11 MJ/m3 (150
to 300 BTU/NY) which compnses expanding sard ficel
gas stream 1n an engne to as intermedute pressure
wathin the range of 2 to 14 bars (30 10 500 psia) effecting
simulteneous cooling of sad fuel gas stream and pro-
duchioa of power subjecting & portion of sad fuel gas at
said prezsure of 2 to 14 bars to substantially complete
combustion with excess sir produciog a gas stream
contaning oxygen, mtrogen, and producis of combus-
tion, expanding sard oxygen-contamnmg pas in an engine
to substantially atmospheric pressure with the produc-
ton of power, cxpanding & second portion of md fuel
gas franr smd pressure of 2 to 14 bars to substantafly
atmosphenc pressure w an engine wath the generation
of power combmung sad expanded second postion of
saud fue) gus with sard expanded oxygen-containug gas
and subjecting sard expunded fuel gas to substantially
complete combustion with saxd oxygen-contanng gas
with the produchon of steam and expanding said steam
1n an enge with the producton of power, sald oxygen

conteunng gas supplying the oxygen necessary for the
combushon of said expanded fuel gax.

17 A process a3 defined m clasm & wherein sad inter
medmte pressure foel gas o Teheated by mdirect heat
exchange with said high pressnre fuel gac prior to ex
pansion to substzntially atmosphenc pressure m gud
cnginc.

-—————— .
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burned after removal of dust and sulfur and serves as a
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exchanger of the reactor can be used to perform work 1n
expansion turbines. The rest of the synthests gas 15 avayl
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1
PROCESS FOR GASIFYING COAL
FIELD AND BACKGROUND OF THE
INVENTION 5

The present invention relates i general to the field of
gustfication for carbon-contatnung fuel, and 1n parncular
to a new and wseful process and device for gamfying

carbon-contaumng fuel i parncular coal whereby a g

portion of the produced synthens gas = burned to heat
a fludized hed reactor 1n whuch the fuel Is gasified.
In coal gusmficaton, a dstmction 15 made between

autothermal™ and allothermal™ processes. In auto-
thermal gamfication, the heat nceded to sustain the gas- 15
formung reactions 13 produced by combustion reactions
that take place m the reactor mself Not juut coal and
steam, but air snd/or oxygen £4 well are fed into the
reactor 80 that meomplete or sub-stoichiometnc com
bustion of the coal occurs as syathems gas 15 produced 20
In practice, this means that a connderable portion, typs
cally sbout 30—40% of the coal » lost 1n the produchon
of heat and ouly the remmunder 13 converted mto avall
sble product gms. Another duadvantage % that the
available gas 11 losded with combustion products and,
nnless pure oxygen 18 used for procesning, the gas 1 also
loaded with g large proportion of ballast matenal n the
form of nrtrogen, which dwmmishes 15 usefulness and
means that the downstream punfication and desulfurz.
mg umts must be bnlt correspondingly larger m sixe
Finally the relatively lugh temperature produced mn the
reactor by the combustion reaction 13 also disadvanta
gcous, because 1t makes it more difficult to mauntun the
flwdized bed and may favor the formaton of mitrogen 3¢
oxides (NOy) barmful to the environment. Also know to
the art are aotothermal coal gesification processes
wherem a porfion of the gas produced 1 recycled to the
reactor and agun takes part in the reaction (¢ g German

Pat. No 32 23 W02) LY

In pllothermal gasfication, hest s supplied from an
outmde source. Apart from the coal dust, essenually
ounly steam 1 miroduced mto the reactor to act as a
reaction medium and to sustamn the fludized bed while

the reaction beat required for gasification 1s esgentully 45

provided by an exchange of heat by the reactor with a
hot heat exchange mediom fed 1n from the outnde In
thus process, the coal can be converted esseatially com
pictely into svallable gas, and the produced gas 13

largely free of combustion remdues, nitrogen ballast,

ete. Furthermore, the temperature 1n the reactor can be
kept at & lower or opamai level for the gas forming
reaction. The problem there, however 1s that to heat
the heat exchange medium 10 be fed into the reactor an
additional source of heat and hence s corresponding
demand for prunary encrgy 18 required. The allothermal
process # most advantageous tf & nuciear reactor i3
availsble to nct as such en add:tional source of encrgy

In such case, & secondary hehum cooling circust heated

by the primary hellum coolmg arcuit of the nuclear
reactor can serve both as a heat exchange medwmm for
heanng up the resctar can serve both as a heat exchange
medmum far heating up the reactor and also for the

production of the steam required m the reactor {see van 45

Heek and Kirchhoff In “HAT Vartragsverffenthichun
geo  (Flaus der Technik Lecture Publications) 453
1982, p 39)

£
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SUMMARY OF THE INVENTION

The present nventon provides a process of the kind
indicated that mekes use of the advantages of allother
mal gesification of the coel or fuel but requires no out
mide sources of heat, as well as a device with which to
perform the process

Accordingly an object of the present mvention s to
provide 2 process for gamfywog a carbon contuning
fuel, 1n particular coal, wath subsequent use of & praduct
gas therefrom compnsing supplying finely ground or
atomuzed carbon-contumng fuel to & fludized bed reac
tor gasifying the fuel wn the reactor by means of sn
essentially ailothermal gasification reaction and by feed
mg 10 steam to the reactor heatmg the reactor by mdu
rect heat exchange with 2 beat exchange medium with
synthens gas bemg preduced n the reacter from the
fuel removing dust end sulfar from the syathesis gas to
form puntfied synthesis gas, burmning at least a porton of
the punfied synthesis gas to form hot flue gas, and ustng
the resulting hot flne gs the heat exchange medium to
heat the reagtor

A further obsect of the present mvenuon is to provide
4 device {or perfforming this process which meludes a

3 fluudized bed reactor with a heat exchanger therem

feed means for feedusg grouad coal or other carbon
containung fuel to the reactor punfying means for pun

fying gus produced by the reactor to remove dust and
sulfur from the gas, steam producer means connected to

30 the resctor for producing steam and for supplymg steam

to the reactor, and heating means for heating up a heat
exchange medium to be fed to the heat exchanger the
heating means compnung s combustion chamber for
recerving the purified synthests ges to burn the gas and
form the heat exchange medium

The process of the mvention makes it possible to run
an allothermal gasfication reactor without the aid of an
additional heat source, becawse the requisite heat 1
obtamed by burming a portion of the available product
gas. In this process to be sure, ar 15 the case with the
antothermal process only part of the coal 15 ultimately
converted mto avalable gas, but the other disadvan
tages described ebove of the autothermal process are
avoided,

The process pursuant to the wvention 15 partcularly
advantageous when the flue gas obtaned by burming the
product synthess gas 1 used for power production, and
15 preferably used m one or more expansion gas turbmes
In such case, the product of the process as a whole 15 not
available product gas but electncal power and the sys-
tem as a whole constitutes a power plant Customanly
m coal firsd power plants the coal 15 bumned and the flue
gus uted 1o tun the gas turbines or produce steam 15
obtamned directly from that In companson the process
pursuant to the wvention whereby the coal 1 first de
gasified and the gas 15 then burned would scem at first
Blance to mvolve unnecessary extra expense The pro
cess pursuant to the mvenbon, however does offer
substantial advantages over durect cosl burung Since
the synthesss gag produced by degasificanon 15 already
punfied and desulfunzed, the flup gases denving from
the yubsequent burning of the gas do not requare further
punficsuon Since the volume of the synthesis gas 15
substanuaily smaller than that of the flue gases, the
expense mvolved 1n removing dust and salfur s corre
spondingly less. While the direct coal burmng flue gas
with 8 hugh NO, content 18 produced with coal gesifica
ton because of the substantally lower temperatures in
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the gasification reactor the formaton of uitrogen ox
ides 15 largely elimmated and even the subsequent burn
g of the synthesis gas can be controlled in such & wa 7
thst nitrogen oxide formation 15 submantially Jower than
with coal buming

‘The process pursuaat to the invention thus proves to
be particularly sound from an environmental stand
pouit A power plant opereting with such = process can
thus be run 1z whole or m part even an fuels that contam
heavy amounts of pollutants In particular solid house
bold or wdustriat refuse, waste oul or the hike, if neces
sary with an appropnate adpuxture of coal, can be fed
into the reactor The poilutants contamed 1 them re
mam for the most part in the solid adlag removed from
the reactor To the extent that they are transferred to
the product gas they are separated by gas punficabon
before the bunung step so that flue gas punfication 15
no longer necessary Such a power plant can therefon
be but in or near remdential areas, which 18 advants-
geous with respect to the power heat connection

Accordingly a furiber object of the mvention 15 to
prowide & process which efficiently gaafies carbon-con
tarung fuel end a device for performng that process
which 15 sumple 1n design rugged wn construction and
economucal ta manufscture

The vanous features of novelty which charactenzs
the mvention arc powcted out with parncelanty i the
claims annexed to and formung a part of thi disclosure
For & better understanding of the mvention, 1ts operat
ng advantages and specific abject attamed by s uses
reference 15 made 1o the accompanying drawings and
descriptive matter 1n which preferred embodiments of
the invention are ilustrated

BRIEF DESCRIFTION OF THE DRAWINGS

In the drawings

FIG 15 a flow chart of the process pursuant to the
mvennon where the synthesy gas 15 used for power
production,

FIG 215 & smular flow chart to that of FIG 1, but fer
2 differeat embodiment of the invention

FIG 315 a flow chari of a dufferent embodimeat of
the process with séveral gamification reactors connected
i series, and

25

0

B

4
order to be cooled m a condenser E to the pornt that it
can enter a surtable sulfur screbber F over a line 4

The desclfurized gas leaving the sulfur scrubber F
goes via line 5 to a combustion chamber G where 1t 15
burned super stoichiometncally 1o the point where the
resulung flue gea 3 at a temperature of about
850 ~1000 C Thus flue gas enters the heat exchanger 25
of the reactor B.

In reactor B the amount of heat required for the
gasificatior reaction 15 taken from the flue gas (a portion
of the heat supply alzo comes from the stcam/flue gas
muxture from H) The flue gas leaving the reactor via
hac 8 at, for instance, 750°-850 C enters another heat
exchanger chamber [ where it setves to reheat the flue
gas proceeding via hne 10 from the first step I to the
second step J: of an expansion turbine The Nue gas
leaving the heat exchanger chamber T via line 9 enters
the first step J; of the expansion turbine at a pressure of
for example 40 bar The flue gas leaving the second step
J3 via Iine 11 at, for example, a final pressure of 1 2 bar
and a temperature of 250 C 13 first fed into a heat
exchanger R to superheat the steam and then cooled 1n
& waste-heat boiler L and fed to a boder feed water
preheater M after a line 12 and subsequently to a clum
aey via hine 13

The steam produced in the waste-heat boilers L and
D 15 collected mn a steam collecung drum N and super
heated 1n R. The steam 15 then expanded through a
steam turbine O which drives & generator S The con
densation heat of the expanded steam 15 conveyed to a
cooling tower P over a line 20 and and via line 1S to 2
condensate treatment unit Q ‘s 15 the condensate from
E via hne 14 The treated condensate 15 then fed back
into the process via hme 19 The feed water conveyed
via line 16 from the preheater M 15 used for steam pro-
duction.

A portion of the steam leaving the steam collecting
drum N 1 conveyed via line 17 to the combustion
chamber H, where the steam 1s directly mixed and

40 thercby superheated, with hot flue gas that 1s denved

45
FIG 415 a flow chart for another embodiment of the

process pursuant to the inventhon where the synthasis
gas 15 used to produce emmona

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Refernng to the drawings n parucular the mventicn
embodied therein coraprises & process and device for
the lgnslﬁc.mon of carbon-contaimng fual, 1n parucular
coal

Coal ground in 2 coal mill A 18 coaveyed via ag ap-
propriate system of locks (with the wd of n propellant
sas) to a fludized bed reactor B The coal 15 gasfied
allothermically 1n the reactor by means of & steam/flue
gas muxture (primanly steam) produced 1n & combusticn
chamber H and conveyed to the reactor B via hoe 22
The requred reaction heat 15 supplied by indirect heat
exchange with (lue gas, which flows through a heating
cail or heat exchanger 25

The synthess gas jenving the reactor B vie ine 1 15
freed of dust in a cyclone separator C and correspond
g filter devices Via [me 2 the gas (at 800 -900 C.}
enters & wasteheat boier D and leaves it via ine 3 i

54
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from the combustion of a portion of the synthesis gas
that comes from hne § 15 conveyed wvia line & two the
combustion chamber and 18 burned with combusnon air
from compressor K

Combustion 1 H should preferably be stoichimetnc
but can also be super stoichiometnie If the operanng
method 5 super-stoichiomeinc the free oxygen serves
to provide additional heat by the combustion of C or
CO 1 the reactor B via the cozl feed Iine (by using air
as the propellant gus}

The quanmty of free oxygen that should be supplied
to the reactor B with the mr must be opumized n any
case (e p. the greater the quanury of oxygen that 1
brought 1nto the pracess in the air the greater the quan
ity of N2t the synthesis gas and hence the greater must
be the design capacity of umts C, D E, and F con
versely however the heat exchanger in B can be de
signed smaller)

1n such cases therefore, & certan amount of autother
mal heat production takes place tn the reactor B which
can also sffect the composiuon of the gas. This amount
however 18 0 small mn any case that the process does
not lose ints overall allothermal character

A further portion of the synthesis gas from line § can
be fed to the heat exchanger chember [ via ine 7 where
it 1s burned and produces extra hot flue gas which 1
muxed with the flue gas frora & so that the temperature
of the flue gas fed nto the gas turnbine Jy can be raised
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agum to for example, 900 -1000* C Higher tempera
tures than that are genemlly wmappropniate becanse of
the hest streas on the turbine blades

The expansion turbines Jj and J; that adout the fiue
gas dnive a generator T to produce electne cwrent. In 5
addition, the turbines may dnive compressor K that
compresses the combustion axr that 15 fed to combustzon
chambers G and H via line 21 to, for example, 40 bar
whereby the ur s amultaneously heated to & tempers

ture of aver 600" C. for example 10

The flue gas produced 1n combusuon chamber G s
mvolved anly mn an indirect heat exchange with the
reactor B It ia advantagecus to have the combusuon in
the combusbon chamber G camed out under heavily
supenstoichiometnic conditions so that, first of all the 15
volume of the gas 13 greater and the energy reicasc 1n
the expannon turbines Jy Ja2 is correspondingly 1o
creascd and secoudly the gas exiutng the heat ex
changer 25 viz line 8 stll cames surplus mir for the
combustion of the additional synthesis gas fed to the 20
heat exchange chamber I via Iine 7

With the aystem described which 158 used for power
producton, efficicacies {termmna) output) of 42-45%
can be achieved, depending on the application

The advantages of this combined power plant tn com 25
panson with convetonal caoal fired systems wath the
flue ges desulfurnization can be sumimanzed as follows

(2) better efficiencien,

(b) lower cost of producmg electric current,

(c) substantully lower water requrements 30

(d) reduced hest losses, mnd

(e) posmbility of Jocating the plant n the oty of
environmentally protected dustnicts.

If gasification in the reactor B u performed at temper
tures of between 700 and 800 C. and at pressurés of 15
around 40 bar one can obtam per ton of coal about
3,200 m? of product gas with approxmmately the follow
mg compomitwon (% by volume) 589 Hy, 2% CO 30%
COn, 109% CHa. The CO; content can be eliminated by

& CO; scrubber and the proportons of Ha and CHy 40

mereased to §3% end 14% by volume, respechvely
which means that & conversion step can be eliminated
that 1 necessary as a rule with gas obtamed by autother
mal gasification. The fact that no oxyges 15 requred for

In the embodiment shown n FIG 2, which differs m
wome details, the process warks »s follows

After miling and drymg (M1) the prepared coal
blown iwnto the ganfier (V1), where 1t 15 up to 57%

gustfied m & Qwdized bed with the wd of steam The 55

tteam enters the gasifier at a temperature of 850° C.,
after it hes passed through the hest exchanger Wid o
the combustion chamber BKL The heat required for
gamficanon i fed to the reachon chamber via the heat

exchanger W17 The nshes and the remduoal carbon 60

sluice and & system of locks (M2)
The nw gas leaving the gamfier V1 via s double
cyclone (Z1/Z2) 15 cooled by pasuing through the raw

gas cooling trun W1 to W7 and m the quencher T3 65

whereby the water vapor 1 condensed out of the raw
gns and the evaporation beat 18 thus utiized The con
densate 18 fed t0 & water treatment unit and 15 returned

6

to the process via a boiler feed water treatment. The use
of proceas water 15 thereby reduced to 8 mmumum The
cooling tram W1 to W6 15 used to produce mntermediate
pressure steam ot drum T1 (25 bar) or low pressure
steam at drum T2 (3 6 bar). The cooled raw gas 15 fed 10
a sulfur scrubber This scrubber operates according to
an ondative process. The HzS contained 1n the raw gas
15 converted directly into S by means of air (LO-CAT
process) The sulfur can be removed 10 solid form

Via the hest exchangers W7 and W16 & portton of
the now punfied raw gas (synthesis ges} goes to the
burner of the combustion chamber BK1 In this com
bustion chamber the synthesis gas 15 burned with ar
comng from the compressor K1/2 1n order to enter the
beat exchanger W17 of the genfier V1 et a tempemture
of 950 C after raw gas (F2/K3) or steam {from T1)
recirculated o the heat exchangers W15 or W16 has
been heated to 850" C.

The aur/flue gas mexture leaves reactor W17/V1ata
temperature of 800 C After passing through beat ex
changer W16 1t enters the first step GT1 of the expan
gaon turbine GT at 760 C In GT1 pressure 15 reduced
from 20 bar to 7.5 bar The off gas from GTLgoes toa
combusbon chamber BK2, which 1 hooked up up
stream of the second stzp GT2 and bested wath another
portion of the synthesis gns and the off gas 15 again
beated up (reheating) In the turbine or turbme step
GT2, pressure 15 reduced 10 3 bar In combustion chem
ber BE3 ths rest of the synthesis gas 15 bumed with the
residual oxygen m the flue gas from GT2 (Ind reheat
mg) In turbine GT3I pressnre 18 dropped 10 105 bar

The flue gas leaving the expanmon step GT3 at ap-
proxumately §00 C. enters a fiue gas cooler WR wath
beat exchangers W9 to W13 In drum and heat ex
changer combmation T5/W10 high pressure steam (45
bar) 1s prodgced that 1 superheated mn W9 t0 480 C. In
combmation T4/W1l low preasure steam (3 6 bax) 15
produced. The flve gas leaves WR after an economuzer
W13 at 105" C

Both the tugh-pressure and the low pressure steam
from T2 or T4 are fed mto & steam turbine DT1 Both
steam turbtne and the GT1 as well dnve the compressor
K/2 Both gus turboe steps GT2 and GT3 are coupled
with a generator G The condensate from the steam
turbine DT1 15 cooled by means of a cooling tower
KTL and pumped back mto the cycle,

For structoral and operanonal reasoos, the size and
hence the capacity of the gasficaton reactor Bor Vi
the embodiments pursuant o FIGS 1 and 2 are teces-
sanly limited, which means that the quantity of energy
produced or the ontput of the power plant 1s hmated as
well The process, however can reachly be expanded
for greater capacity by using severs] gasifiers. An exam
ple of such an embodiment 15 shown in FIG 3

The muxture of mr and flue gas exiung the first gas
producer V1 enters the combustion chamber BK2 of
the second gas producer V2 at 800° C There the
ar/flue gas mixture & reheated by combusuon of a
poruon of the synthesis gas the flue gas and steam are
hented to 850° C  and the flue gus which stll bas & high
oxygen content, 15 fed to the bheat exchanger of the
second gasfier V2 at 950 C Thus process can be re
pesnted wath sddiuonal ganfiers V3 and V4 and bumers
BKJ and EK4, Le. repented four umes, for example
unng as 8 basws the data gaven in FIG 1 The four gasifi
ers are thus hooked up 1w parallel with respect to fuel
feed and synthesis gas discharge but in senes with re
spect 10 flne gas feed to the heat exchangers

O
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The flue gas (with an O» content of §%) exinng the
last heat exchanger 15 fed to an expanswon turbine This
expansion turbine dnves the ar compressor The sur
plus power of 12 MW can be given out (to the nerwork)
The flue gas, which still has a Lemperature of approx
mately 350 C s used to produce steam.

The synthes:s gns produced 13 fed mio the combusuion
chamber of a gas turbane umit (after desulfunzation)
Electnc power production by means aof this combined
power plant 18 sinular to that shown i FIG 2

If the plant shown m FIGS 1 2 or 3 1 run with less
output surpius synthesis gas can be produced wiuch 15
put under pressure of for example 200 bar via gaother
compressor and conveyed to a storage contamner (FIG
3) If electne current production must be mcreased
suddenly the synthesis gas 15 expanded out of the stor
age container 1ato the combustion chamber of the gas
turbige The gas turbmne can thus be brought up very
quickly The storage capacity must be great enough that
the gasifier can be brought up to full capacity within
that space of time

The invention 1 not hmited to the embodiments de
scribed which are used only for power production. The
synthesss gas produced by the coal gasification can also
be used as process gas for downstream processes 1o the
extent that it is not burned up 1n heating the reactor If
the process is altered 1n this way the combustion shown
1 FIG 1 of the surplus synthesis gas conveyed via ine
7 m the heat cxchanger I would be ehminsted and
nstead of that the process gas line of a downstream
processing step would be hooked up to line 7 One
would continue however to use the flue gases leaving
the heat exchanger coil of the reactor B via line 8 to
perform work 1o expansion turbines I J; wiieh could
alsa serve for power production, but at the least for
dnving the compressor K.

As examples of other uses for the unburned surplus of
syntheses gas, we sught mention

Use as Town Gas

After the CO3 15 removed by scrubbmg the product
gas produced 1n the reactor B alrcady meets the specafi
cattons for town &s in terms of its calanfic value Can
version and methanation are not necessary

Production of Spange Iron

Alfter removal of the CO; by scrubbing the product
#as can be fed nto the reducing gas circun of & reduc
bon reactor for sponge ron  Another hook op with the
process schema depicted 1n the drawing 15 possible and
consisis of having the reducing gas circwt flow through
a heat exchanger coil placed i the heat exchanger
chamber I and by thercby heated in an ndirect ex
change of heat by the flue gases exiting the reactor B

Production of Steel

Agun o this wstance, the product gas 15 fed via line
7 to & reduction reactor which it passes through only
once The furnace gas that results in the reduction reac:
tor can be fed to the heat exchanger chamber 1 and
there burned, so that exta hot flue gas 15 abtained to be
admitted mnto the expansion turbines J; J3 With the
cwrent produced m generators Sand T the sponge wornt
can be melted together with scrap iron 1n an electne arce
furnace The result 1 2 i steel plant which 1 suinable
for regions with poor guality scrap and poar electric
power supply and 13 particularly safe for the environ
ment.
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In addition the product gas produced n the reactor
B 15 particularly surtable to be methanized for produc
uon of SNG or to be converted directiy into methanol

Another example of the use of the synthens gas 15
shown 1n FIG 4. Here the synthests gas 13 used 1o pro-
duce ammona. In ths case, two ganfies V1 V2 are
provided whch are hooked up 1n senes in the same
way as descnbed for FIG 3 Part of the synthesis gas
discharged from each gasifier V1 V2 5 recycled m
order to use the water vapor contaned in it 28 process
steamm The rest of the synthesis gas 15 subjecied to a
sulfur scrubbing and then to a molecular sieve PSA
procest 1 which the H; hydrogen 1s separated out of
the synthesis gas The remainder of the synthests gas
consisting pnmarily of CO; 1s conveyed to the combus
uon chambers BK1 and BK2 in order to produce the
flue gas for the indirect beating of the gasifiers V1 V2

From the total flue gas discharged from the second
gasifier V21, a poruon 15 diverted and conveyed to &
combustion chamber BK3 where it 15 after burned
stoichiometnically with a poruon of the synthesis gas
comng from the molecular meve PSA process, so that
the resulung flue gas now contmns essentally only Nj
and CO; Afier cooling the COj 18 removed by a CO
scrubber The remsming mtrogen 13 maxed wath the
hydrogen from the molecular sieve PSA process and
condensed by a compressor K to 200 bar heated and fed
to an NHj contact reactor KO where the reaction be
tween hydrogen and mrogen results in the formauon of
acnmomnia, which i then washed out by a NH3 scrubber

The process may be taken further by cawsng the
produced ammonia to react with the sulfur derived
from the desulfurization of the synthesis gas m order to
produce ammonm sulfate The result 5 an ervron
mentally safe artificial fertlizer plant that can also
produce process steam and perhaps power as well

While specific embodiments of the mvention have
been shown and described 1o detml to illustrate the
applcaton of the principles of the invention, 1t will be
understood that the inventon may be embodied other
wise without departing from such prnciples

What 18 claymed 15

1 Process for producing electnicity from carbona
ceous fuel comprising the steps of supplyng finely
atomuzed carbon-contammg fuel to a flurdized bed reac
tor gesifying the fuel 1o the reactor by means of an
easentially allothermal gasification reacuon to produce
syuthesis gas withdrawing the synthesis pas from smd
reacto~ and punfying the synthesis gas 50 as to remove
dust pnd sulfur from the synthesis gas combustng a
first pornon of the punfied synthesis gas and producing
a first portion of flue gas heating the reactor by indurect
heat excheange by conveymng the first portion of fiue gas
through a heat exchanger 1 smd reactor for production
of synthems gas allothermally burning a second portion
of the punfied syntheqis gas 1o produce a second portion
of flue gas moxing the first portion of flue gas with the
second portion of flue gas to form a combined flue pas
stream, directing savd combined flue gas stream into an
expansion turbine for rotation upon expansion of smd
combined flue gas stream, and, dnving an electne gen
erator with the expansion turbine.

2 A process according to clam 1 wherein steam 15
mtroduced 1nto the fludized bed reactor and a thurd
porton of the punfied synthes:is gas s combusied to
produce a third portien of flue ges and 1s muxed with the
steam and introduced together with the steam into the
reactor
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3 A process according to claum 2, wheran the steam
ntroduced into the resctor 1 produced by meeans of
heat obtmned from cooling the synthess gas produced
in the resctor

4 A process accordmg to clatm 1, wherein the fimst
poruan of flue gas is produced by superstoichiometne
combustion of the first portion of the punfied synthesis
gus, & third porucn of the punfied syntheus gas is
burned tn & muxture combustion chamber to form: a thurd
portion of flue gus which 15 muxed with steam and mtro-
duced mto the flmdized bed reactor and the sccond
poruon of the punfied synthesis gas 1s directed 10 2
superheaung combustion chamber and 15 bumed m
admixture with the first portion of flue gas having sur
plus arr sud second portion of punfied synthesu gas
being burned by means of the surplus air

5 A process according to clam 1 wheren the ex
panded combtned flue gas strewm exity the expansnion
turbine and 15 reheated by at least one of en mdirect
exchange of heat with the first poruon of flue gas em
ployed m the heat exchanger prior to being introduced
mto the expansion turtine and the second portion of
flue gas produced by combustion of the second poroon
of the purified synthesis gas end feeding the reheated
flue gns comung from the expansion turbine 1nte a sec-
ond turbine

6. A process according to clmm 1 wherewn the first
porton of fue gas employed m the heat exchanger 1s
conveyed to the reactor at a temperature of abom 850°
;osg'dg‘ C. and leaves at & temperature of abount 750 to

7 A process according to clam § wherenn the first
partion of flue gas employed in the heat exchanger 15
heated to a temperature of about 900 to 1000 C before
entenng the expansion turbine by the admuxture therero
of the second portion of flue gas

§ A process according 0 clmm 2 wheren at least
one of the first porticn of fiue gas employed m the heat

10

exchanger and the third portion of flue gas mixed with
the steam 15 produced by combustion with compressed
ar

% A process according to elaim 2, ncluding using the
heat of the expanded flue gas strezm afier exiung the
expanmon turbme 1o at lesst one of superheat the steam,
to produce the steam and to preheat feed water of a
steam producing unit to produce the steam

10 A ptocess sccording to clmm 1, wheren the pro-
duced synthesis gas includet steam as & component, and
a portion of the produced synthesis gas leaving the
Teactor 15 deverted pror 1o punficaion and belore
cooling below the coadensation pownt of the steam and
wtroduced wito the reactor so that the steam contuned
thermn can be used for the reaction wath the fuel

11 A process sccordmg to claim 10 wheremn a third
portion of the punfied synthesis ges that s temporanly
nat needed tn the process 18 stored tn & contmner under
pressure.

12 A process eccording to clarm 1 wherein the reac
tor and the purified synthesis ges 15 kept under pressure
of about 40 bar

13 A process sccording to clam 1 including osing st
least one of combusuble solid wastes hquid wastes and
;“:l:ture of wastes with coal as the carbon contuning

14 A process according to clawm 1 wherein hydrogen
contuned mn the purified synthesis gas 15 partally sepa
rated out of the punfisd synthess gay and » portion of
the combined flue gas stream s diverted prior to expan
sion and directed to a carbon dionide scrubber for pro-
ducing & nitrogen nch gas stream which is reecied with
the hydrogen to produce ammoma.

15 A process according to clam 14 wheremn the
smmonia 16 converted nito ammonium sulfate by reac
tidn wath sulfur obtawned from punfication of the syn
thesis gas withdrawn from the reactor
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economig incentives 10 make such repowenng commer
METHOD FOR REPOWERING EXISTING cully vuable,

ELECTRIC POWER PLANT Yet another object of the present mvention 15 10 re
power the exisung coal burming faciliues used m the
BACKGROUND 3 generauon of electnc power wm such a way s to de

This invenuon 1s a division of the row pending apph
canon of the applicant bearing Ser No 07/198 862 filed
on May 26, 1988 U S. Pat No 4 609 541

‘This pending application, among other mveations
also discloses the repowenag of an existing coal buring
¢lecine power generwung facility wheremn the co-pro-
ducton of clean fuel and electric power results in cost
effecuve benefits which not only provide acteptable
pollunien controls for such facihity but elso mn cash flows
which are large enough to pay for the repowenng of the
exisung caal burning facihty

‘The disclosure 1n saud pending application covers the
pressunized pyrolyzation of coal to produce a rich gas
made up of gases and vapors, and & residue 1n the form
of & char which 18 gasified under pressure with ar to
produce a lean gas The nch gas and the lean gas are
segregated and are cleancd while hot in a hot gas
cleanup system to co produce & ciean nch gas (syngas)
suitable for use as a feedstock for the making of chems
cals including fuel grade methanol and 2 clean lean gas
which after expanston i1s sustable us a very clean fuel for
burung 1 the existing botler which convenuonally
burns coal this boiler compnsing the major companent
of the existtng power generation facility This invenhon
therefore makes use of the coal handling system, the
bouer the generator and the mun services of the exist
g facility and replaces the pulvenzed coal burners by
low Bru burners m order to burn the said lean gas n
stend of puivenzed coal .

Since B5% of the transhoundary SO2 emusions w hich
cause acid ran onginate from coel burming utility boil
ers it 1s essennal to drastically curta)l the emussions
from thesz boders and yet do this in an environmentally
and cost effecuve manner Currently legisiation 15
being enacted m Congress to control the SO? emusions
from 107 power planis One methed for the conirol of
such ermssions consists in the mstallanon of scrubbers
Another solution 15 the use of complance coal whose
content of sulfur must be quite Jow The inswllanon of
scrubbers 1s a very cosdy program produces solid
waste adds to mantenance costs, end reduces the effi
ciency of the plant The use of comphance coal adds to
the cost of the fuel and climnates mimng jobs 1 the
high sulfur coal fields causing unemployment

OBJECTIVES OF THE INYENTION

The instant invention solves the above dissdvantages
and yet uses high suifur coal in an economically and
environmentally acceptable manner thereby salvaging
the existing coal burming facthuies.

Therefore the man object of the present imvention 1
to repower the existing coal bumning faciites used in
the peneration of elecine power while providing poliu
tion control for such facilities with mmimum change to
the facilines themselves

Another object of the present invention 15 {0 repower
the existing ccal burung facilities uged 1n the generation
of elecinc power at no out-of pocket expenditure for
such repowenng

Sull another object of the present mvenuon 1 10
repower the existing coal burung factities used 1 the
gencranon of elecinc power 1 such 2 way as 10 yield

25

K}

9

43

30

(1]

mand the mmmum shut-down of said facihues dunng
such repowenng

It 1s therefore another object of the instant invention
to repower the existing coal burmng facibuies used 1n
the generation of clectnic power 1n such & way as 10
tcrease the capacity of smd fecibities

It 11 51l another object of the présent nvennon 10
tepower the exsung coal burning faciliies used in the
generaton of electric power m such a way as to make
said facihes more efficient

It 15 yet another object of the present mvention to
tepower the extsung coal burmng facthues used n the
generation of electnic power 1 such & way as to reduce
the maintenance of saud facylives as well as exaend the
useful hfe of sad facilinies

These and other objeers of the mstant mvention will
become more spparent to those skilled in the art 10
which this mvention pertuns and particularly from the
following descnption and appended claims

SUMMARY OF THE INVENTION

The insunt invenuon repowers the exisung coal
burmng fcilmes used i the generanon of electrie
power in the manner illustrated tn the following de-
scniphion of a facility whose cprenty 5, by way of exam
ple e 509 MW Plant This plant mamiy possesses coal
receipt storage and supply a steamd boiler equpped
with pulvenzaton mills, pulverized coal burners and
bottom ash handhing’ & preciprtator for paruculste re
moval, and a steam turbine atiached to a turbogenera
tor The repowenng conasts of the mstallabon of a coal
sasificanion plant of a umque design 10 co-produce hig
wid transport fuel and a lean gas under pressure The
lean gas after cleanup 13 divided into two streams the
first stream 15 directed through sn expander and 1nto the
boifer where this lean ges 15 burned nstead of pulver
1zed coal and the second stream while sull under pres-
sure 15 directed to a pewly mnsialled gas turbine which s
accomparued by s waste heat boiler followed by a steam
rbine the gas turbune, waste beat boiler and steam
turbine configuranon 13 commonly known as combined
cycle Since the burnmg of l¢an gas in a boller which is
denigned 10 burn coal, causes s derate of the boiler by as
much as 409 the loss of tus raung 1s made up by the
added capacity from an expander preceeding the bouer
and by the combined cycle

By burning clean gas in the boiier the followang
advaniages sasue
1) Elimunavion of ash from the boiler
2) Ehmunation of the pulvenzauon mlls
3) Elmmnation of the preaipitator and
4) Increase tn the avalabiiity of the boller

These sdvantages plus an increase in capacity to
gether wath the credins denved from the sale of the
wransport fuel makes the repowenng 2 very prafitable
venture 1n addition to solving the problem of pollution
from power generation facilities caused by the oxides of
sulfur and mirogen

Relerence 1s now made to the accompanving draw
ings formung a part of this specification wherein hle
reference characters demgnate corresponding parts in
the vanous visws i 13 1o be nored that the embod
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ments shown herein are for the purpose of descnpuon
and not hmtatigon

BRIEF DESCRIPTION OF DRAWINGS

4
the Jean gas prior to s combusnon in botler 11 A hqud
fuel storage 1s provided in tanks as represented by nu
meral 19 A conveyor represented by numeral 20 15
sdded to direct coal from storage 10 to pyrolysis/gasifi

FIG 1:sa genera process flow diagram in wuch the 3 canon 13
boxes marked by double border lines represent custing Refernng 10 FIG 3 for a more detmied description of
facihities and 1o which the boxes marked by sinzie bor the power generstion combined cycie complex nu
der lines represent the newiy added faciities meral 16 s the gas turbine cycle and numerai 17 15 the
FIG 215 a plan view of the repowered power piantin~ steam cycle numeral 18 represents the expander for the
which the factlines shown in phantorn are the facihities 10 existing boiler Gas wrbine cvecle 16 s made up meinly
which exist and which are left ntact the facilities of four (4) components & combustion chamber repre
shown in solid [ines are the faciities that are added and sented by numeral 21 a compressor represented by
the boiler whuch 15 shightly modified numeral 22 an expander represented by numeral 23 and
FIG 315 a flow diagram showing the vanous ~lectnc a generator represented bv numeral 24 Steam turbine
power generation umts of the repowered plant 13 cycle 17 15 made up mawmnly of steam turbine 25 and
FIG 415 the gasification system used for the ~o-pro generator 26 A waste heat boiler also known as a heat
ducnion of a nch gas for the making of bquid fuel and of  recovery steam generator represenied by numeral 27 15
4 lean gas used i the repowering of the faciluy for the interposed between expander 23 and steam turbne 25
efficient generation of electne power this waste heat botler recovers thermal energy from the
FIG 515 the hot gas cleenup system for treauing the 20 {lue gas which leaves the gas wurbine 1o gensrate steam
lean gas and treating and cracking of the nch gas 10 which steam 15 used to dnve sieam turbine 25 thus in
make 1t sunable as a feed stock for iquid fuel produc creasing the cfficiency of the entire svstem Aur from
tion used in the repowerng compressor 22 15 divided o rwo poruions One porton
FIG 613 an alternate arrangement for the hot gas 1s directed to combusuon chamber 21 and the second
cleanup system for treating the gases 25 portion to a booster-compressor represented by nu
Before procecding with the detaled descripion of  meral 28 An suxilhary compressor denoted bv numeral
the invention by means of the drawings 1t 1s to be noted 29 15 also provided Both booster compressor 18 and
that far the sake of clanty reference will be mace wath auxilbary compressor 2% arc required to supply the ar
numerals (o represent the vanous componenis of the for the gastfier which i1s shown in FIG 4 which shall be
invention 30 described heremafier To balance the svstem @ second
DETAILED DESCRIPTION OF THE :2: e:xgmder l't:’rI ;1;: gas trbine s provided and de
DRAWINGS y numerd
Refernng to FIG 4 for the detailed descnpuon of
In FIG 1 reference numers] 1015 the receipt storage the coal processing mio gases and thetr cleanup coal 15
and supply of the coal 1o the plant and reference nu 33 delivered {rom a bunker represented by numerai 32 toa
meral 11 1s the existing boiter in which the pulvenzed lockhopper which 15 represenied by reference numeral
coal burners have been replaced by lean gas bumners 33 Lockhopper 3315 equipped with feeder 34 and upper
Reference numeral 12 represents the steam cycle and  1solation valve 35 and lower solation valve 36 A pack
the turbo-generator The equipment representsd by ing ram represented by numeral 37 pushes the coal mio
numerals 10 11 and 12 are existing components of the 40 an accumulator which 15 represented by numeral 38
plant Accumuletor 38 preferably takes the shape of a revolv
Reference numeral 13 15 the pant of the plant used to ing wheel having mulu holes which 1 rotated by means
make a rich gas from coal via pyroiyns and a fewn gas  of dnive 39 As coal 15 packed 1nto each one of the plu
from the resttual char of the coel via gasification using rality of holes 1n accumulator 38 the accumulator 18
ar as the oxidamt Reference numeral 14 15 the hat gas 45 indexed 50 as to ahgn the packed holes wath pyrolysis
cleanup for both the nch gas and the lean gas The nch tubes which are denoted by reference numeral 40 Each
gas 15 cracked and treated for sulfur removal ard the  pyrolysis tube 15 mdividually charged wiath coal by
lean gas 15 treated for sulfur removal i the component means of individual pushing rams which are represented
of the repowered plant represcnted by numeral 14 by numeral 41
Reference numeral 15 represents the synthesis piant for 530 Pyrolysis tubes 40 which preferably are substantially
meking hiquid fuel such as mathanol from the nc1 gas honzonta! are grouped together in & bundle such as
Synthesis plant 15 may be used to make other chernicals bundle 42 and each bundle may be enveioped 1n a pres
such as synthebc natural gas gasoltne hydrogen am sure shell as denoted by numeral 43a Pyrolysis tubes 40
monia, ctc msiead of methanol Reference numeral 16 are heated individually and indirectly in order to heat
1s the combustion gas turbine intcgrated to a wasie heat 55 the coal uniformly as the coal 1s pushed along the length
boiler and reference numeral 17 i the stear cycle  of each tube Assuch heatmg of the coal takes place the
which s opernted with steam from the waste heat bouer volatile matter 15 driven out of the coddl A mamfold
which mn turn rmses steam wath flue gas from the gas system 15 provided to collect the volaule matter such
turbine mamfold 1s represented by numeral 43 The volanle
Refernng 10 FIG 2 10 1s the receipt storage and 60 matter which is also called nch gas leaves via 2 duct
supply of the coal 10 the plant 11 15 the exising basler which i1s represented by numera! 44 The residual char
and 12 15 the exisung steam c\vole tied 10 the turbo gen rematming after the pyrolysis of the coal w discharged
emwr Reference numeral 13 15 the pyrolys:s and gasifi through elbows 45 via duct 46 nto the gasification
canon components of the plant and 14 15 the bot gas vesse) which 15 represented by reference numeral 47
clesnup Reference numeral 15 15 the methanol plant 65 Gauification vessel 47 is an clongated verucal shaft
and numerals 16 and 17 represent the combined ¢ ycle equipped with tuyeres 48 for the njection of an oxidant
configuration for the genersvon of power to-make up such as air or pure oxygen a slag discharge nozzle 49 a
far the derate Reference numeral 18 15 an expander for  slag quenching happer 50 and a slag lockhopper 51
W
.
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Compressed air from booster-compressor 28 snd auxilh
ary compressor 29 shown m FIG 3 supply the mir to
tuyeres 48 At the top of ganficauon vessel 47 a duct
denoted by numeral 52 1s provided to collect the gas
produced from the gasication of the char Thms gag
which 15 also known a5 lean gas 15 passed through a
cyclone denoted by reference numeral 53 which serves
to remove paruculate maner from the lean gas prior to
ns cleanup 10 the hot gas system shown m FIG 5 or
FIG 6 This lean gas leaves the top of cyclone 53 via
duct 54

Referning to FIG 5 the lean gas from duct 54 (exten
sion of duct 54 FIG 4) enters a coniactor represented
by numeral 55 which serves to clean the lean gas, the
nich gas from duct 44 (extenmion of duct 44 FIG 4)
enters & cracker represented by numeral 5§ which
serves lo sumultaneously erack and desulfunze the nch
gas Both contactor 55 and cracker 56 contiun u sorbent
57 such as ime {CaQ) which 1s used as a desulfunzing
agent and as a catalyst for cracking hydrocsrbons con
tained m the gnset The lean gas leaving the top of
gasification vessel 47 15 qune hot around 1900 F -2000
F snd this hot lean gas heats sorbent 57 1n contactor 55
as 1t filters through snd exits contactor 85 via duct 58
Any particulate matter entrained 1n the lean gas 15 re
moved 11 a cyclone which s denoted by numerat 59
The heated sorbent 57 in contactor 55 flows downward
by grawvity into cracker 56 where i 1 used 1o desuliunze
the neh gas which rich gas enters the bottors of cracker
56 through duct 44 and exits cracker 56 through duct
60 the thermal energy for the endotherrme reaction of
cracking the hydrocarbons mn the nch gas 15 provided
by the hot sorbent 57 which was pre heated by direct
contact tn contactor 55 by means af the lean gas pnar to
the descent of sorbent 57 from contactor 55 1o cracker
§6 A cyclone dencted by numeral 61 15 provided 10
remove any paruculate from the hot nch gas whch
now i in the form of & syngas leaving cracker 56
Cracker 56 serves to desulfunze the nch gas and emack
all of the hydrocarbons to yeld & clean syngas essen
tally made-up of Hy and CO

Sorbent 57 descends from cracker 56 to a sorbent
regenerator which o represented by reference numeral
61 Regenerator 6215 equpped with means for the injec
uon of air through duct 63 and steamn through duct 64 to
regenerate sorbent 57 The exil regencration gas jeaves
regenerator 62 via duct 82 and enter & sulfur condenser
for the precipitation of clemental sulfur which 15 de
noted by numeral 83 Sorbent 57 recirculates from the
bottom of regenerator 62 to the top of clasmfier 65
which feeds sorbent 57 to contactor 55 The recirculat
Ing means may be any one of known systems such as &
poeumatic system which 15 represented by numeral 66
which mmnly compraes compressor §7 feeder 68 and
conveying ducting 69 and Tla

Refernng to FIG €, to describe the alternate aysiein
for the hot gas cleanup two columss are provided
columa 70 to be used for absorption and column 71 to
be used for regeneration Column 70 comprises a lock
hopper denoted by & numera) 72 and conwcior 55 and
cracker 56 which have been described above Column
70 also possesses sorbent recicrulaung conveyor
(bucket elevator) represented by numeral 73 and leeder
74 1n order 10 recirculate the sorbent between cracker
56 and contactor 55 ynul the sorbent 15 spent a1 which
tume conveyor 73 ducharges the spent sorbent 1o an
clevating conveyor which 15 denoted by numeral 75
which 1n turn feeds the spent sorbent to honzontal con

0

0

3

o

5

43

50

35

&0

63

6

veyor 76 Cooveyor 76 13 used to uansfer the spent
sorhent 1o regeneraucn colume 71

Column 71 compnises a lockhopper abave regenera
tor 62 which 15 denoted by numeral 77 and a surge
hopper below regenerator 62 which 1s denoted by nu
meral 78 Using feeder 79 which o locazed ar the bottom
of surge hopper 78 1n comjuncuion with elevator con
veyor denoted by numernl 80 and honzontal conveyor
£1 the sorbent 15 after regeneraton transferred from
regeneranon column 71 to absorption column 70

Operauan

In repowenng the power plant referred to above
whose current capacity 18 509 MWe and shown in FIG
210 plan view the complex for gaufication represented
by numoerals 13 and 14 the methanol plant represented
by numeral 15 and the combued cycle represented by
numersls 16 and 17 are first constructed 1n & penod of
about 2 years without disturbing the generauon of
power from the coal burmng boiler which s repre-
sented by numeral 11 Once the new complex 1s shaken
down, the combined cycle takes over while boiler 11 13
shut down for the installauon of the low Btu (leen) gas
fue! burmners mto the exsung suxilbary air compart
ments, after the removal of the pulvenzed coal bumners
By boiler 11 uting the low Bru gas {or fuel it u esu
mated that the boder wall be derated from 509 MWe to
310 MWe 1t 18 for this reason thet the combined cycle
15 added to make-up this derste The combined cycle
capabiiity as shown m FIG 3 s as {oilows

Expander 18 431 MWe
Expander }) 77T MWe
Gus Turbine 23 11400 MWe
Steamn Turbioe .8 9.0 MWe
Sub-ttanl M10 M\Ve
Lem
Compressor Baoner 28 118 MWe
Aunlary Compresor 19 712 MWe
Net Combmed Cycle 2930 MWe
Total Camacuy of Plant
Boiler 1} an Lesn Gas 3D MWe
Comizned Cycle Net 253 MWe
Tokal New Capacny 55 MW e
Met guin by repowenng 54} MWe
-~ 309 MWe
34 MWe

Net Gam o Peroent M x 1007509 = 10 6%

Since the only ¢hange to boiler 11 contists of replace
ment of the pulvenized coal burners by lean gas burner
nozzles the cast for such conversion & miumal and
would take around 90 days, dunng which ume the
boiler will not be available By repowenng boder 11 to0
burn lean gas mstead of pulvenzed coal sulfur emis
sions would be drestically reduced and the oxides of
nitrogen (NOx) wall be at a mumuem (20 parts/milhon)
by virtue that low-Btu (lean) gas produces very litle
NOy because 1t burns cooler

The procedure for repowermg disclosed herain
which consists of the co-producnon of electne power
and metheno! will result 1n increasing the avalabihny of
bodler 11 from 73% 10 90% (hustoneally gas fired bailers
have better than 905 capacity factor) the decrease in
mainicnance because of the ehmination of the pulvenz
ers the precipitators and the ash from boiler 11 metha
nol 15 used as a backup fuel for both boiler 11 and eom
bined cyele 16 to augment rekability and the decrease
in operuting costs because of the cash credis denved
from the sale of the methanol
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Bes:des making repowenng of existing coal burming
clecinc power plants a profitable venture while ar the
same tume drastically reducing emussions from them at
no out-of pocket costs the co-production of methanol
or other hquid fuels to substitule petroleum hquids
would be of great importance 10 the economy and secu
nty of the United States When methanol 15 converted
1o gasolinc as 1n the process of Mobile Ol (MTG pro
cess) the quentity of imported petroleum liquids could
be drastically curtatled

1 clam

1 A method of increasing the efficiency of ar exisung
coal burming faciity while reducing emissions from
same t a cost effecuve manner compnising the follow
mg steps

a) Installing a coa] processing means capable of pyro-

Iyung coal under pressure to produce a jaw nch
gas and a hot char and said processing means being
also capable of gasifving the hot char to produce a
raw lean gas

b) Instalhing & hot gas processing means capable of

desuvlfunzing and cracking said raw nch gus under
pressure 1o yield a syngas which s subsianually
made up of Hi and CO m composition

c) Installing faeshties that are capable of converting

said syngas 1nto & markelable chenmcal

d) Installing a hot gas processing means capable of

desulfunzing said hot lean gas under pressure to
yield a clean hot low Btu pas

¢) Replacmg the pulvenzed coal burmers of th= botler

contained 1n said facility with bumers adapted to
the burning of low Btu gas in order to burn low
Btu gas instead of pulvenzed coal in said botler

f) Splinng said cleen hot low Btu gas tnto a firse

stream and a second stream

g) Expanding the low Btu gas in said first stream to

accommodate the pressure requirement of sad
boiler

h} Combusting the exapanded low Btu gas 1n sad

baoiler to produce stzam wh:ch in turn generates
elecineity by turming the steam turbine tied to the
generator which exist in saud facilny

1) Combusting the low Btu gas in said second itream

n a8 newly installed gas combustion turbine to gen
erate additional electnic power to make up lor the
derate sustained by said boiler when low Btu gas 15
burned instead of coal in smid botler

2 The method as set forth in claim 1 wherein said
step of combusting the low Btu gas m said sccond
stream 1t o newly mnstalled gas combustion turbine to
generate additional electne power 15 further character
1zed by the step of directing the products of comb astion
from said gas combusuon turbine 10 8 heat recovery
Steam generator (0 raise steam which is 1o turm dizected
to & steam turbine ted to a generator in order tn gener
ate sull more electric power via the combineu cycle
mode

3 The method as set forth in claim 1 wherem the step
of nstalling a coal processing means capable of pytolyz
ing coal under pressure to produce a raw nich jas 18
further charactenzed by the step of providing muk
tubes grouped 1n a bundle wheretn each tube 15 inclivid
ually charged with coal and 15 indrvidually heat d in
order to result in umlorm pyrolyziauon of the coal

4 The method as set forth in claim 3 wherain the sicp
of providing mult: tubes grouped in & bundle wh rem
each tube 15 individually charged with coal and 15 indi
vidually heated 15 further charactenzed by the step of
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carrying out the charging of the coal and the heatng
thercof under pressure

§ The method as sex forth in clasm 1 wherein saud
step of nstalling a coal processing means capable of
gesifying 1he hat char with air 1o produce 2 hot raw
lean gas s further charactenized by the sicp of carrying
out the gasificauoa of said char under such pressurc 2s
10 sccommodate the pressure requred by a gas combus
uon turbine

& The method as set forth m clarm 1 wheremn the step
of installing a hot gas processing mesns capable of de
sulfunzing and cracking said nch gas under pressure
and the step of insalling 8 hot gas processing means
capabie of desulfunzing samid hot lean gas under pressure
are forther characienzed by the step of lifung & sorbent
which serves as a desulfunzing agent from said means
capable of desulfuriung and cracling said nich gas to
sard means capable of desulfunzng suid hot lean gus and
by the step of gravitauonally feeding said sorbent from
said means capabie of desullunzing said hot lean gas to
said means capable of desulfunzning and cracking said
nch gas in order 10 provide a recirculating pattern to
said sorbent

7 The method as sel forth 10 clasm 6 wherein sad
step of hftung said sorbent from said means capable of
desulfuntzing and cracking said nch gas 10 said means
capable of desulfunzing said hot lean gas 15 further
charactenized by the siep of heating said sorbent by
means of said hot lean gas in smid means capable of
desulfurizang said hot lean gas to such an cxient as to
have the sorbent at such an clevated temperature suffi
clent 1o crack hydrocarbons

8 The method a5 set forth in claim 7 wherem smid
step of heating said sorbent by means of said hot lean
gas m said means capable of desulfurizing said hot lean
gas to such an extent as to have the heated sorbent at
such temperature sufficient to crack hydrocarbons 18
further charactenzed by the step of employing the ther
mal energy contauned n said sprbent 1o crack the hy
dracarbons contaned i the nch gas passed through
said means capabie of desulfunzing and cracking said
nch gas

9 The method as set forth in claim 7 wherem sud
step of heating said sorbent by means of said hot lean
pas m said means capable of desulfunzing said hot lean
gas to such an exient as to have the heated sorbent at
such an elevated temperature sufficient 10 crack hydro
carbons 15 further characierized by the step of gravita
tionally fecding said heated sorbent from said means
capeble of desulfunizing said hot lean gas to said means
capeble of desulfunzing and cracking said nch gas

10 The method as set forth 1n clum 6 wherem said
sicp of lfung said sorbent which serves as a desulfunz
mg agent from sad means capable of desuifunzing and
cracking saud nch gas to said means capable of desutfur
1zing said hot lean gas 15 further characienzed by the
step of direcung said sorbent to a sarbent regeneration
means {rom saud means capable of desulfunzing and
cracking said rich gas when said sorbent becomes spent

11 The method as set forth m claim 10 wheremn sud
siep of direcung said sorbent 10 2 sorbent regeneranion
means is further charactenzed by the step of returming
said sorbent after us regeneration to sawd means capable
of desulfunzing said hat lean gas

12 The method as set forth in claim 3 wheremn said
step of providing mults tubes grouped m a bundle
wherein each tube 15 individually charged with coal and
5 individually heated in order to result in umform
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pyroiyzation of the coal 1 furthier charactenzed by the
step of wndirectly heaung the coal in each ndividuat
tube

13 The method a3 st forth 1n claun 1 wheren the step
of instaliing factlities that are capeble of converting said
8YNgas into & marketsble chemical 15 further character
1zed by the step of converung smd syngas to a fyel

14 The methed 13 szt forth m clam 1 wherem the
step of mytalling facilitiss that are capable of converting
said syngas into & markemable chermcal 1s further char
actenzed by the step of converung said syngas to syn
thetic natural gas

15 The method as set forth in claim 1 wherein the
step of installing facilities that are capable of converung
sud syngas into a markerable chemucal 1s further char
actenzed by the step of convernng said syngas to meth
anol

16. The method as set forth m clazm 1 wherein the
step of installing facilities that are capable of converung

3

13

said syngas into a marketable chepucal 15 further char 20

actenzed by the step of converting said syngas to gaso-
hine

17 The method as set forth 1n cimm 1 wherein the
step of instalhing facilines that are capable of converting
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taxd syngas mto a marketable chenucal 1 further char
actenzed by the step of converuag sawd syngas to hy
drogen

18 The method as set forth m clmm 1 wherem the
step of mstalling facilines that are capable of convernng
said syngas wnto a marketable chemecal s further char
actenzed by the step of converting said syngas to am
mon.

19 The method as set forth m clam ) wherein the
step of providing mulb tubes grouped 1 & bundle
wherein each tube 15 individually charged with coaf 15
further charactenzed by the step of providing a revolv
ing means adapted 10 take coa! and having indexing
features for alignment with each individual tube o be
charged

20 The method as set forth m claim 1 wheremn the
step of providing a revolving means adapted o take
coal and having indexing features for ahignment with
each mdividual tube 1o be charged 15 further character
1zed by the step of turmng said revolving means for
ahgnment being performed without loss of pressure
from the vessel within which said revolviog means 1
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METHOD AND APPARATUS FOR
GENERATING ELECTRICAL ENERGY
UTILIZING A BOILER AND A GAS TURBINE
POWERED BY A CARBONIZER

BACKGROUND OF THE INVENTION

This invention rclates to an apparatus and mcthod for
repowenng a coal fired steam gencratar aud, more paricu
larly 10 such an apparatus and method 1n whuch the com
bustion or boiler 15 repowered by wcorporahng 2 partal
gastfier or carbomzer that produces & low Btu fuel gas to
power 2 gas wrbine and & partially desulfunzed char to be
fired 1w the boder

Although coal fired boilers have emjoyed ccnsiderable
succeay 16 pupplying beat energy to steam turbines 1o ublity
plents for producing elecincal energy it hae al #ays been
dufficult to keep them 10 complignce with federal and state
cmsuons stancderds This 15 especistly true wath respect to
the itroductson of sulfur products into the mr especially
when ¢ertmin coals having high sulfur coatents are used

Since gas turbines are farrly efficient even when dnven by
a relatively low Btu gas they also lend themselves to the
produchon of clectncal enagy In these amangements the
coal 15 mibally introduced to & parnal gasifier or carbomzer
which produces a relatively low Btu gas which 18 passed to
the gas rurbine and a char which 15 passed elwewhere 1n the
plan. However one duadvantage of carbomzess is that,
with same coals only & fraction of the thermal eoergy 1o the
coal can be extracted 1n the form of gas while the jcmmumng
perceatage laaves the carbonizer i the form of caar

The present invenhon 16 & reselt of the recogmnan thatthe
char obtaned from the carbonzer under the above-descnbed
conditons can, when propesly treated be unhzed to dnve
the above-described boilers 11 & menner to conmderahly
reduce the production of sulfur ermsmon: Most umportently
U mnvennon wlows repowenng of an exiting sicam gen
erator ancreasing the total plant output of electne energy
while rasang the plant efficency and reducing sulrur emus
sions to the atmosphene

SUMMARY OF THE INVENTION

It 13 therefore an obyect of the present invennon tc provide
an apparatus and method which incorporates a cerboruzer to
provide a low Bm gas which 15 used 10 power a ga) turbine
and a parually desulfunzed char winch 15 fired 1n 1 bodder

It 15 further a further object to provide a method and
apparatt of the above type m whuch the gas turbine 15
decoupled from the bofler and niflizes the Jow B gas from
the carbonizer es 1ta anly source aof fuel

It 15 further object of the present wnvennon o prewide an
apparatus and method of the ahove type 1o winch the char
pasaing from the carhonuzer to the botler 1 treatsd 1n g
manner 30 that the levels of sulfur released 1nio th atmo-
sphers by the borler are relatively low

It 15 & fusther object of the present invennon to provide an
apparatus and method of the sbove type 10 whach a relanvely
hpgh efficiency 13 obtmned.

Toward the: fulfillment of these and other objects, iccond
1ng to the apparstus aod method of the present mnveaton a
carboruzer 18 yuiized for the generation aof low Btu § 23 and
solid char The low Btu gases are passed to 3 combushon
chamber where they are ouxed with compressed air to rase
the temperature of the gases before they arc passed to a gas
turbine for dnving same The char 15 passed to 3 bofler which
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operaies 10 produce hot gases that are passed in a beat
exchange reletion with water 1o produce steam. The gas
turbine nulizes the low Btu gases as i1s sole source of power
and 15 opernied independently of the boder

BRIEF DESCRIFTION OF THE DRAWINGS

The sbove bnef descnpuon as well as further objects
features and advantages of the present wvenhon wall be
more fully apprecaated by reference to the following detailed
description of the presently preferred but nonetheless 1llus
trabve embodiment 1n eccordence wath the preseat invenuon
when taker mn conjunction wath the drawing which 15 a
schemanc diagram of the systern of the present invenuon

DESCRIFTION OF THE PREFERRED
EMBODIMENT

1o the drawing the reference numerals 10 and 12 refer n
general to a boter system and a carbontzer system, respec
tively The carbomzer system 12 15 compnsed of a gas
turbimne 14 that 18 dnvingly connected to an aar compressor
16 snd to an electneal generator 18 1o dnve seme 1o a
conventiona] manner The air compressor 16 receives amn
cut ar from ao inlet condurt 20 and openates to compress the
ar which 15 passed through a condant 22 extending from the
ontlet of the 2ur compressar 16 1o a carbopuzer 24

A feeder 26 miroduces parneulate fuel, such as coal oo
the carbomizer 24 ft being understood that ather feeders can
be astomzted with the carbomzer 24 for distribunng Lune
stone ar ather particulate adsorbent matenal into the car
bonzer 24 s nceded The carbamzer 24 funcuons wn a
convenhonal manner to parbally gasify the fue] matenal and
convert ftanto fuel gas and a char and to ensble the mestone
to absorb the sulfur gencrated 1n the gesification process

A condust 28 regusters with an outlet formed 1 the
carhonyzer 24 Lo commnmente: 1t with & cyclone separator 30
dusposed adjacent the carbomzer 24 The scparator 30 thus
recoives the low By gas generated 1 the carbonzzer end
entrained solids pamely the sohd char gad rescted Lime-
stone from the carbonizer 24 and operates 1n 4 conventional
manner io discogage the sohds from the low Btu gas due to
the centrifugal forces created 1n the scparator 30 As cyclone
eeparators are well known 1o the art, the separator 30 wall not
be described 1n any further detail.

‘The separated low Bru gases which are suhstannally free
of char enter a condut 32 projecting upwardly through the
upper partion of the separator 30 for passage 1nto 2 Wopping
combustor 34 A condwnat 36 connects the conduat 22 t the
toppag combusior 34 which operates 1n a convenntonsl
manner to combust the Jow B gases 1n the presence of the
compressed ar recerved from the conduit 22 The gas outlet
of the combustor M4 15 connected, by & conduit 38 to the
wlet of the ges turbine 14 for passing the heated gases to the
turhine to dove the nabine

The scparated sohds incleding the char and the reacted
hmestone dram by grawvity from the scparator 30 w00 &
condmt 40 which extends 1mo a reactor 42 disposed adjacent
the scparator 30 In the reactor the sphds are mixed with &
reagoat which 35 mtroduced into the reactor 42 for the
purpose of removing sulfur from the reacted hmestone by
chemucal extraction. A condust 46 connects the combustian
syitem 10 o the carbomzer system 12 and, more partcu
larly the reactor 42 10 a pulvenzer (if requared) 44 1o pass
the treated char and treated hmestone to the pulvenzer The
removed sulfur which 18 1n the form of H,S s passed to a
clans unit 45 or equvalent, which converts the H,S o
clemental gnlfur
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A condint 48 sxtends Som the pulverzer 44 and regsters
with an opening formed 10 a boiter 46 to pass tic treated
char which has a mgmficant Btz content, to the boder 46 A
conduit 49 extends mto the boder 46 for introducing a
makeup fuel such g5 coal mio the boder zlong with an
adsorbent, such as raw hmestone (CaCO,) for adsorbing
sulfur products by the combuston of the fuel Ambient mr
15 ntroduced 1nto the bosler 46 viz a fan 50 or the hike 10
wupport the burning or combustion of the muxtue of char
and coal rescted hmestone end makeup hmestone if
required. The botler 46 includes a water/sieem flow curewat
which passes the water/steam 10 an absorbing relation with
the heat generated 1o the boiler as a result of the sbove
combustion. This erremt includes a steam mirbine 52 which
reccives steam fyrom the boiler via a conduat 54 and which
dnives an electrical generator 55 1n & conventions! matmer
A condut 56 passes the exhaust steam from the tarbine 52
to a condenser 58 and the water from the condenser i
rerurned to the boiler 46 via a condwt 60 2 pump 62 and a
condwat 64 respectively Since these type of bolers are well
known 1n the industry the boiler 46 wall not be de. enbed 1n
further detml

The exhanst gases from the hoder 46 pass via a conduit
66 to a baghouse 68 which operates to separate any sohds
such as coal ashes, or the like, from the gases before the
gases are passed, via a condmt 70 to a stack 72 for
exhanstion to the atmosphere.

The hot exhanst gases from the outlet of the arbine 14 are
passed, by a conduit 74 1o a heat recovery steem generalor
76 The hest recovery stezm gensreator 76 transfers heat from
these gases to water flowang through the generator 76 1n &
convenhonal maaner to produce steam, A conduit 78 paases
the steam generated 1n the generator 76 to 2 steam turbine
B0 which operates m a conventional menner to dnive a
generator 81 The outlet of the sizam turbine BO 18 con
pected by a condmit 82 to & sondenser 84 where the steam
is convented to walcr The converted waler 3s then passed 1o
the heat recovery steam generator 76 via & condmt 86 &
pump 88 and a condwit 90 The remauming exheust gases

€

from the turbine 80 apd the beat recovery steam generator 76
- are vented from the system via B congust 92 and a stack 94
\J In operation, amiient mr 15 mirodnced 1oto the air com

pressor 16 wioch 13 dniven by the gas nmbine 14 to compress
the ar in order 1o ralse it» pressure A porten of the
compressed @mr 13 passed from the compressor 16 to the
combustor 34 wiile thc remaming air 18 passd to the
carbomzer 24

In the carbomzer 24 the peraculate fuel 18 cartomzed to
produce low Bty fuel gases snd char while the imestone
reacts with the pulfur generated dunng the process aod
adsorhs the sulfur The low Bro gases and the emrmned
solids from the cerbomzer 24 are passed to the separaior 30
which operates 10 a conventional manner to scperate the
solids from the geses with the solids being introduced to the
reactor 42 and the pases to the combustor 34

In the combusior 34 the gases are anxed with a porhon
of the air from the cornpressor 16 xod combusted to mse the
lemperature of the low Btu gas 1o the (emperature required
far mexiroum efficency of the twrbing 14 The gases are then
mtroduced to the ges turbme 14 to dnve same with an
mcreased mass and volume to ensble the gas turtune 14
dnve the sr compressor 16 and the clectnical geasrator 18

The exhanst paces from the gas nubine 14 are dureeted 10
the generater 76 In the generator 76 the heat from the
exhaust pascs 15 transferred 1o water 1o the manner descnbed
sbove thereby producing steam which dnves the steam
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turbune B0 which, 1o um dnves the generator 81 all ina
conventional manner The cooled exbaust gases from the
heat recovery steam generator are vented from the system
wiz the stack 34

Sulfur 15 removed from the separated hmestone 10 the
reactor 42 by the reagent before the mxture of char and
Iimestone 15 pulvenzed m the pulvenzer 44 and 1ntroduced
mio the bowler 46 where 1t 1» muxed with ambent air along
with makeup coel and Limestone from the feeder 49 as
needed. The char 15 combusied 1o the boller 46 10 & con
ventional manner 10 heat the watee/steam muxture crrculaung
through the boiler The steam 15 passed to the turbine 52 for
dnving the wubme which 1n um dnves the electneal
generator 85 The exhanst stearn from the wriine 52 15
passed in a beat cxchange relanoasiup with water i the
condenser 58 and converted to water befare 1t 18 passed back
to the boider 46 The exhaust gases from the boiler 46 are
passed through the baghouse 68 which operates to separate
any sohds from the gases before the latter are passed 1o the
stack 72

The system and method of the present invenuon thus have
several advantages over the prior art. By adding the carbon
1zer/gas urbme system to the boder the char from the
carbomzer (along with some makeup coal end raw hme
stone At needed) can be used to power the boler whle s
relanvely large amount of sulfur can be caprured by the
hmestone 1n the carbomzer 24 and removed at the reactor
42 thus conmdersbly reducing the sulfur emissions by the
botler Also the low B gas from the carbomzer is the sole
source of fiel for the wrnne 14 and thus allows the necbine,
and 1ts assoqated combustor w be decoupled from the
boler and operate independently

in addition, the exhgust gases from the turbme 14 can be
supphed to the heat recovery stesm generator 76 for the
production of steam to dnve the steam turhine 80 resulung
m the recovery of the thermal energy stored i the exhavst
gases thereby efficiently umng the cxbaust from the gas
turbine by not ventng the exhaust to the atmosphere

Although not specifically illustrated i the druwing 1t 1s
understood that additonal necegsary equpment wall be
provided and that these and all components described above
gre amanged m an appropnate fashion to form a comples
end operabive BysienL

1t 18 understood that vaniations mey be made 1 the method
of the present mvennhon without deparhing from the scape of
the mnvention For example, the heat recovery syslem gen
erator 76 could be &l munsted, angd a condmt 98 provided to
pass the gases ducharged from the gas mrinne 14 to the
boiler 46 Swmmce the latter pases are relanvely lugh 1o oxygen
content, they could be used in place of the ambrent mr
normally supplied to the bofler 46 by the fan 50 Addion
glly a beat exchanger may be added hetween the carbamzer
24 and the separatar 30 to cool the ges sohds stream, thereby
slipwing the condensation of alkabis Furthermore & bamer
fier may be added downstream of the separator 30 to
remove fme particulates that escape the scpamior Also a
scrubber can be disposed between the baghouse 68 and the
stack 72 for removang sulfur products from the gases before
they zre exhansted to the atmasphere

It should be noted that the amount of char produced in the
carbonizer 24 will depend on the size or ratng of the pas
tarbine which nses the fuel gas from the carbomzer as s
sole source of fuel Therefore n some cases the char
praduced may only represent a small porton of the total fusl
mput 10 the existing boder In otber cases 1t may rcprescns
2 larger percentage of the total fuel to the boler
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Other modificaons changes and substitutions are
tatended 1 the foregomng disclosure and 1 some 1nstances
some featires of the nvention will be employ ed without a
corresponding use of other features Accordingly it 15 appro-
pnaie that the appended claims be construed broadly and in
8 manner consistent with the scope of the ;nvention
What 1 ¢lumed ts
L Apparatus for generating energy said apparatus com
pnang:
means for carbomzing fue} i the presence of imestane 1o
generate fuel gas and char including bmestone contain
g sulfur generated during smd carbomzing

8 separator for receaving said fuel gas and char from said
carbomzing means and for scparahng sud char from
sad fue) gas

a gas trbine

means for pasaing sad fucl gas to smd gas wrbe for

dnving same

means operauvely connected to smd gas turbme for

generatuap electrical energy

f Teactor

means for passing sad char to sad reactor for removing

sad sudfur from said lunestooe,

a boiler

means for passiog sad cher from sad reator o swd

boiler for powenng said botler and,

means operatively connected ta said botler for geaeraung

electrical encrgy

2. The sapparstus of claum 1 further compriuny means for
passing the exhanst gases from sad turbine 10 aid borler

3. The apparatus of clmm 1 fimher compnsing a steam
generator and means for passmg the exhanat gases from smd
turbune to smd steam generator to generate steam.

4 The apparatus of clam 2 further compnainy means for
receiving the steam from said steam gencrator and generat
mg additona) electnical energy

5 The epparatus of clam 1 further compnis.og & com
bustor for recerving sud fuel gas from smd separator and

5

10
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combustng said fuel gas to mcrease the temperatere of smd
fuel pas before sad fuel pas 15 passed to smd gas mrbine

6 The spparatus of clmm § further compnsing an r
compressor for receiving and compressing ambient air
means for passing a partion of smd compressed mr from sad
compressor W said carbomzing means to support the gen
eration of sad fuel gas and means for pasiing mnother
portion of said compressed air to smd combustor so that said
fue} gas 18 combustzed 1n the presence of said ar

7 A method of generating energy compnsing the steps of

carbonrzing fuel in the presence of bmestone to generate
fuel gas end char including limestone contanung sulfur
gencrmied dunng saud carbomnng,

separsting smd char from said fuel gas

passing said fuel gas to a gas turbine for dnviog same and
generaung electneal energy

passing smd char to e reactor for removing said sulfur
from seid imesione, and

passing said char from said reactor to a boiler for pow
enng said boiler and gencrabhng additional electncal

Ccnergy

8 The method of claim 7 further coropnsing the siep of
passing the cxhanst gases from said turbine 10 smid boiler

9 The method of clatm 7 further compnsiog the siep of
pasnng the exhaust gases from sad mrbme to 8 stcam
genertor (o generale stcam.

10 The method of claim 9 fusther compnsing the step of
ntliznng smd steam o generate additonal electnical energy

11 The method of clem 7 furtber compnsmg the step of
combusung sad fuel gas to mcrease the emperature of sad
fuel'gas before smd fuel gas 15 passed to said gas turbme

12 The method of clmm 11 further compnming the steps
of compressmg ambnent mr unhzing 2 porbon of sad
compressed mr in sad step of carbomzing and uhlizing
another pornon of sa:d compressed wy wn swd siep of
combusting

\\\\J
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! The undersigned requests that the present
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; sccording to the Patent Cooperation Treaty Name of receving Office and  PCT International Application
Appheant s or agent s file reference
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Box No | TITLE OF INVENTION
i METHOD FOR PRODUCING CLEAN ENERGY FROM COAL
] BoxNe 11  APPLICANT D This person 18 aiso mventor
l Name and address (Family name followed by grvenname foralegalentiny full official designation | Telephone No
The address must include posial code and nome of country  The cowniry of the address wndicated tn thes 419) 354-4632
1 C’ Baz 15 the applicant s State (that s country) of residence [fnd Staie of resdence is indicated below.} (
CALDERON ENERGY COMPANY OF BOWLING GREEN, INC , an |FicsmileNe
Ohio corporation (419 353-6293
500 Lehman Avenue Teleprinter No
Bowling Green, Ohlo 43402
United States of America Applicant sregistrationNo with the Office
{ Swne (that 1s courry) of nationality Us State (that 1s cownry ) of residence us
This persan I} d ted th dicated
fan:he purpc::e:pgf[’lum E lllllseﬁlmmd E] 8 the lﬁ:li?:: Stllsetll:)efs:;a:g:‘.l 'OPFA%:‘BIEI;S(:I:E;’ lh: g‘:pl;f;r:e:\cl:‘l B(I!:"
Box Ne HI  FURTHER APPLICANT(S) AND/OR (FLIRTHER) INVENTOR(S)
N d add i ollowed by 7 ! al d
i acgrec ot mchue Pl cou ond e o sountty. Thecotbay of s s e mcsssyvn oo | THIS pFSan s
: Box s ihe applicant s Stase (tharis couniry) of residence if no State of residance u indrcated beiow .} D spphcant only
! CALDERON, ALEERT -
} 1065 Melrose D apphcant and invenior
Bowling Green, Ohio 43402 m wnventor only (If this check box
ts marked, do not filf in below )

United States of America

Apphicant sregistrationNo with the Office

Swate (that 15 courury) of nationaiity State (that 15 country) of residence
This person 15 applicant dl designated Il d ted Stax t the United States the States mdicated
for th‘::cpurposespgf D Swatzs o D the lﬁll'tg:; Staiez of ﬁfnfr‘?u of America only the Supplema:-l?il 352

E Further epplicants and/or {further) mventors are indicated on a continuanon sheet

Box No IV AGENT OR COMMON RCPRESENTATIVE OR ADDRESS FOR CORRESPONDLNCE

The person idenufied below 15 hereby/has been apromted to ect on behalf @ agent comnion
of the apphcant(s) before the competent Internatior al Authorities as g representative

Name and aeddress (Family namejoliow Jgnﬁ:n nam faralega! entipy full official designannn. | Telephone No
The address must incl) and name of coumiry .} (419) 249-7145
MARSHALL & MELHORN, LLC

SCHURR, Donald A4 , DOLGORUKOV, D Edward, OBERLIN, Facsimile No
Phillip S , HIXON, Mark A , EViNS, Stephem P , and (419) 249-7151

COLWELL, Angelica M Telepnnter No

Four SeaGate ~ 8th Floor

Toledo, Ohio 43604

United States of America %&eﬂ&"ﬁw“ﬂowt’awmfaa%gge

44 766 47 281 46 637

D Address for correspondence  Marlk this chech box where no n%em or common representative 18has been appointed and the
space abave 15 used mstead to indicate a special sddress to which correspondence should be semt
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ShectNo 2

Cortinustion of Box No 1II FURTHER ATPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

If none of the following sub boxes 15 wsed, this vheet should not be included in the request

Name and address (Famuly mame followed bypvennmne rora legalemg!. Jull afficial designarion. | This person 1s

The addrexs must include postel cods and name

LAUBIS, TERRY JAMES
14377 Powell Road
Portage, Ohio 43451
United States of America

afcounry The
Boxeseheapphican: s Swe (thatis caunny}afmldnmmm&mq’ 3

wiry ress indicared in this
u{m i

ndicased below,) D applicunt only

D apphicant and mventor
m mventor only (If this check box

1s marked do not fill in below )
Applicant s registration N with the Office

Smte (that 15 cownry) of nationaliy

State frhat 15 country) of residence

This person 15 applicant

il designated
for the purposes of D States

the Swtes mdweated 1n

I::l all designated Smtes except the Suppl I B
upplemenal Box

D the United States
the United Stares of America

of America enly

The eddress-must inchude pastal code and name of coun
Bax 15 the appheont 5 Siate (thot\s couniry} of residence

Name and address (Family name foliowed by grvennam  foralegalennn full official designarion

This person s
D apphceant only

D epplicant and inventor
D mventor only (7f thus check box

15 marhed do not fill 1 below }
Applicant s registraion No wath the Office

The country of the address indicased in thus
'noState of residence s indicated below )

State (that 15 counry) of nationality

State (thar 1t country} of resydence

This person 15 apphcant
for the purposes of

D all desigmated
States

the Unied Steies

the Seles indicated n
of Americo only I:I the Supplemeral Bax

all desighated Stares except
E] the United States of Amenea

e address nust snchale
Baxuthe apphcani s Sune (thar s counny) of rendence

Name and address (Fomilynome followed by givenname foraiegalennty full qfficial dengnation.
Th 1 cods and name of | mum(z}y The coumry of the address idicated in tey

This person 18

D apphicant only
D apphcant and inventor

L]

Applicant sregisiration No withthe Office

no Siate of renidance s indicated balow |

wnvenior only (If ths check box
is marked do not fill In below )

State (that 15 couriry) of nanonaliny

State (that u country} of residence

This person 18 applicant

i1 dulgmlcd
for the purpoges of* D

the Unned States
of America only

the Steves indicared in

Ei all designated States except
the Supplemental Box

the United States of America

Name end address (Family name followed by pivenname  for alegal entiny full official designanon
The address must melude pm?;l mdej;nd mm?;?cmww L epalenn Bl i
Box 13 the applicant s State (thatis country) of residence [fno Stawe of residence yindicated below. }

This person 15
D applicant onlv

D applicant and inventor
D mventar only (If this check bux

counm qf the address indicaied i ths

Is marked, do not fill in below )
Applicent sregistraionNo with the Office

State (that 1s couniry) of nationaliny

State (that 15 couniry ) of residence

This person ts applicant nll de:lgnal:d

for the purposes of

the Siates indicaied
the Supplemental Box

the Unied Swates

of Amenca only

all desipnated States cxcept
D the Unned States of America

D Further epplicants and/or (further) inventors are indicated on another continuation sheet

Form PCT/R0O/101 (continuetion sheat) (March

gt ¥

2001 reprint July 2002) See Notes 1o the request form



Sheet Na 3

DESIGNATION OF STATES Marl. the applicable checl. boxes below af least one must be marked

Box No V

The following designations are hereby made under Rule 4 9(a}

Rezional Patent

B AP ARIPO Patent GH Ghanz GM Gambia KE kenya LS Lesotha MW Malawi MZ Mozambique SD Sudan
SL Sierra Leone SZ Swaziland TZ Umited Republic of Tanzania, UG Ugande. ZM Zambin, ZW Zimbahwe and any other
Siate which is 8 Contracting State of thy Herare Protocel and of the PCT (f ather kind of protection or ireatment desired
specifvon dotted Iine)

Eurasian Potent AM Armenia, AZ Azerbajan BY Belarus hG hyrgyzsun hZ Kezakhstan MD Republic of Moldave,
RU Russian Federation TJ Taptkistan TM Turkmenisten and any other State which 15 a Contracting State of the Eurnsian
Patent Convention and of the PCT

European Patent AT Ausirie, BEBelgium BG Bulgane, CH & LI Switzeriend and Liechtenstein CY Cyprus CZ Czech
Republic DE Germany Dh Denmark, EE Estoma ES Spain FI Finland FR France GB Umited kangdom CR Greece

1E Ireland, IT ltaly LU Luxembourg MC Monaco NL Netherlands T Portugal SE Sweden Sh Slovekie, TR Turkey and
any other State which 1s a Contracting State of the European Patent Convention end of the PCT

OAPI Patent BF Burkine Faso BJ Benun CF Central Afncan Republic CG Congo C] Chie d Ivoire CM Cameroon

GA Gabon GN Gumen, GQ Equatoral Guines GW Guinea Biszau ML Mali MR Mauritama, NE Nizer SN Senegel

TD Chad TG Togo and any other State which 15 a member State of QAP] and & Contracting State of the PCT (if orher dind
of prawection or reaiment desired Specyy wt dottad lme)

® Ea

B Ep

X oa

National Patent ([ other kind of protection or wreaiment desired specifi on dotted line)

AE United Arab Emurates
AG Antigua and Barbuda

Givl Gambia
HR Crootia

NZ New Zealand
E] OM Oman

AL Albama H1) Hungary El pH Pmlippmes
B AM Arments ID Indonesia PL Poland
Bd AT Austrie IL lsme! E T Porugal
kK AU Ausirain IN inda Bl RO Romani
AZ Azerbayan IS Jceland K] RU Russian Federanion
BA Basnia and Herzepovina ke Japan
K] BB Berbadas fxl KE Kenya SD Sudan
A BG Bulgarm &! KC Kvrgyzsun SE Sweden
BR Braxnl hP Democratic People s Repubhic Xl SG Singapore
= By Belarus of horea §1 Slavenia
BZ Belze KR Republic of horea Sk Slovakia
CA Caneda hZ Kazahhsten SL Siera Leone _
CH & L! Swizeriand and Liechtenstein & LC Samt Lucia TJ Taukisten
& ch Chine LK Sn Lanka & T™ Turkmenistan
CQO Colombua LR Libena TN Tunise
CR Cosu Rica LS Lesotho TR Turkey
L CU Cuba LT Lihuania TT Trimdad and Tobagn
CZ Czech Republic & LU Luxembourg
Kl DE Germany LV Latvia &l TZ Unied Republic of Tanzama
&l Dh Denmark MA Morocco Kl UA Ukrzine
k] DM Dominies MD Republic of Moldova UG Uganda
DZ Algena O us Unned Siates of Amenca
&d EC Ecuador & MG Madeagascar
id EE Estone & MW The former Yugoslav Republic af UZ Uzbehisien
ES Spamn Macedonia VN Viet Nam
Fl Finland i MN Mangolie YU Yugoslavia
GB United hangdom MW Malaw ZA South Africa
GD Grenada MM Mexico ZM Zsmbia
GE Georgna K MZ Mozambique ZW Zimhabwe
GH Ghana i NO Norway
Chech boxes below reserved for designating States which have hecome party 1o the PCT afier ssuance of this sheet
a O |
O ] 0

Precavtionary Designation Statement 1n eddition to the designations made ahove the applicent alse makes under Rule 4 9(b) al)
other designations which would be permitied under the PCT except any designation(s) indicated 1n the Supplemental Bo, as being
excluded from the scope of this statement The applicant declares that those addiuonal designations are subjzet to confinmetion and that
any designanon which 1s not confirmed before the expiration of 15 months from the prionty date 15 to be regarded as withdrawn by the

epphcant at the expiration of that ume imit  (Confirmation (including faes) nnust reach the recerving Office within the 15 month ime hrut )

Form PCT/RO/10) (second sheet) (July 2002)
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Sneet No 4

!
BoxNe V1  PRIORITY CLAIM

The priority of the followinp earher apphication( ) i1s hereby clarmed

Filing date ; INumh!-'-ll' Where earlier applicenon 1§
f egri t
° (m:eﬂ::ﬂ)ﬂn of curlier application ';‘:;“‘I :E'hhg:nt'g; regianal application * | international epphcation
'E’r WTO regional Office receiving Office

tlem (1)

(09 07 01) 09/901,55+ Us
09 July 2001
ttem (2)
item (3)
e {4)
nem (5)

D Further prionty claims are indicated in the Supplemental Box

The receiving Office 15 requested 10 prepare and 1ransmit to the International Burcau a certified copy of the earlier applicationis) (onh
{fthe earher applicanon was filed with the Qffice waich for the purposes of this iiernational application is the recenang Qffice} 1denufied
sbove B3

D all items m tiern (1) D itam (2) D nem (3) D 1em (4) D nem (5) gw;;l:nelznml Box

* Where the earlier apphcation is an ARIPO apphicanon indicate at least one country par ty 1o the Paris Conventian for the Protection of
Industrial Property or one Member of the World T-ade Organizanion for which tha: earlter applicanon was filed (Rwde 4 10{B) (1))

}

Box No VIT INTERMNATIONAL SEARCHING AUTHORITY

Chaoice of International Searching Authonty (16A) (i two or more Imternational Searching Authorities are competent to carry oul the
mrernanonal search ndicate the Authoriny chosen the two letier code may be use

ISA /US

Request to use results of carlier scarch reference to that search (i an earhter search has been carried out by or requested from the
International Searching Authority)
Date {dawmonth/vear} Number Country (or regional Qffice)

Box No VII1 DECLARATIONS

?,,,..

- g
[ .4',;'
‘!?", - ,{.'}

{:m T Kansht A

The following declarations gre contamed 1n Boxes Nos VIIT (1) wo (v) (mark the qpplicable Number of
chec boxes below and indicate 1n the right column he number aof each npe of declaration) deciarationg
D Box No VIII (1) Declaration as to the identity of the inventar

D Box No VIIL (u) Declaration as to the applhicant s entitlement, as m the internauional filing

date to apply for end be granted a patent

D Box No VIII {11} Declaration as to th  applicant s entitiement as at the international filing
date to ciemn the priontv of the earhier apphication

D Box Na VI (iv) Declaration of nveniorship (only for the purposes of the designation of the
Unned States of Amence)
D Box No VIII (v) Declaration as 10 non prejudicinl disclosures or excepuons to lack of noveln
Form PCT/RO/101 (third sheet) (July 2002) See Notes 10 the request form
“'ﬂ
H
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Total number of sheets

{b) sequence listing part of description filed in
compuler reatdable form

(N ] only {under Section 801 (a}(1))

(1) O 1 addimon 10 bemg filed in peper
form (under Section 801(a)(i1))

Type and number of carmers (disketie

CD ROM, CD R or other) on which the
sequence hisung part 15 contzined {addifional
copies io be indicated under nem 9(u1) m
right columy)

and number of carmiers (diskette CD ROM CD R orather ))
(1) [J copy submmied for the purposes of international sesrch
under Rule 137er only (and not as part of the
internauonal application)

() O fond v here check box (B)(1) or (B)(n) 15 marked 1n left
column) additional copies mcluding where apphcable
the copy for the purpases of imemational search under
Rule 13er

(m) [ together with relevant statement as to the identity
of the copy or copies with the sequence hsung part
mentioned in left calumn return card , 2

10 [N other (specy) Express mail certificate

Figure of the druwings which
should accompany the abstract

Language of filing of the English
mternetional application

Boaho A SIGNATURE OF AI PLICANT ACENT OR COMMON RE! RESENTATIVE
Next 10 each sygnaure indicare the name af the person sigrumy and the eopacity inwhich the person signs (if surh copacire is not abwious from reading the reauest)

CALDERON/ENERGY C OF BOWLING GREEN, INC
¥ Yol
fAlb

t Calderon, President\—)

For receiving Office use onhy

1 Date of actual recerpt of the purported
international appheation

1 Drawings

D recerved

the purported international applicetion

2 Corrected date of acrual receipt due 10 later but
timely recerved papers or drawings compleling

4  Date of umely recelgt of the required
corrections under PCT Article 11(2)

D not received

5 Intemanonal Searching Authorny
{1 two or more are competent)  ]SA /

6 Tronsminial of search copy delayed
D untsl search fee 1s paid ™ Y

Fo Intemanional Bureau use only

Date of receipt of the record copy
by the International Bureau

Form PCT/RO/101 (last sheet) {March 2001

reprint Januery 2002) See Noics to the request form

&

Sheer No 5
Box No I\ CHLCK LIST LANGUAGE OF FILING '{
Thus mternanonal application contamns This internationa) apphication 1s secompanied by the following Number
ntem(s) (mark the apphcable check baxes belonw ond indheate 1n of nems

@ :}':i:ﬂl::wl::g :ru ’r';l:: of right column the mumber of each item)

request (including 1 fee calcutation sheet 1

declaranon sheets) 5 2 [J ongnal separate power of anomey

::;ﬁ:‘g;oﬁs(::;':s:;g 10 3 [ orpmal general power of attorney 1

claims 4 [] copy of gencral power of attomey reference number

abstract 1 if eny

drswimgs 3 5 [ statement explainmg lack of signature

Sub-total number of sheets 25 6 O rtl::]?g document(s} idenufied in Box No Vlos

sequence histing part of

description (actual mumber 7 [J trenslanon of miernational application into

?sh.esm if fled m paper (fangunge)

orm whether or not also 8 [J separete indications concerning deposited microorgamsm
ﬁ;ﬂ""‘:‘:’(’g‘ﬁ’! ;‘;""’b" or other biolopical material
25 9 [] sequence Listing 1n computer readable form (indicate also type



PCT

POWER OF ATTORNEY

(for an internanional applicanon filed under the Patent Cooperation Treary)
(PCT Rule 90 4)

C

The undersigned applicant(s) (Names should be ir dicaied as thev appear in the request)

CALDERON ENERGY COMPANY OF BOWLING GREEN, INC
An Ohilo corporation

500 Lehman Avenue

Bowling Green, Ohio 43402

United States of America

hereby appoints (appomt) the following person es m agent D commoan representative

Name and address
(Family name followed by grvenname for a legal entity full official designanion  The address must include postal code and name of covminy )

SCHURR Donald A Reg No 34 247 COLGORUKQV D Edward Reg Neo 26 266 OBERLIN
Philip S Reg No 19066 HIXON Mark A Reg No 44 766 EVANS Siephen P Reg No 47 281
and COLWELL Angelica M Reg No 46 637 all of the law firm of

MARSHALL & MELHORM LLC

Four SeaGate 8th Floor

Tolado Ohio 43604

United States of Amenca

1
to represent the undersigned before m alt the competent Intemational Authorities

D the ll"nemntlonal Searching Authonity only

D the Intemational Prelmimnary Examiming Authority only

m connection with the international apphication 1dentified below

Title of the invention METHOD FOR PRODUCING CLEAN ENERGY FROM COAL

Applicant s or agent s file reference  53-15755

International apphcation number (Iif already available)

filed wath the following Office UNITED STATES PATENT AND TRADEMARK OFFICE as receiving Office
and to make or recerve payments on behzlf of the undersigned

Signature of the applicant(s) Avhere there are sevaral opplicans each of them muti s;gn  next fo each signature indscate the nome of the person sigming a ul
the capucity in which the serson signs {f such capacin w not obvious fram raading the reques: or thu power)

/@/mm

AYbert Calderon, President

@/ 18,2002

Form PCT/Mode! Jf power of anomey (for a piven intemational apphication) (July 1992)

——

w %
o )
Y 'p a“,’ » Y
‘!{"? g -.a
;""J’Mh;;;} B ﬁiﬂn"

aa

}(P\



| PCT

FEE CALCULATION SHEET

)
This sheel 15 not por | of and does not count as a sheet of the nernational apphcanon

Inierneuonal Applicanon No

A©

For receiving Office use oniy

1 Annex to the Request

Applicant s or agent 5
! file reference

53-15755

Date stamp of the receiving Office

Apphcant

CALDERON ENERGY COMPANY OF BOWLING GREEN, INC

CALCULATION OF PRESCRIBED FLES
I TRANSMITTAL FEE

2 SEARCH FEE

International search to be carried out by I8A/00S

3 INTERNATIONAL FEE
Basnic Fee

Where item (b) of Box Ne TX epplies enter Sub total number of sheets

240 00

|

450 00

Where nem (b) of Box No IX does not apply enter Total number of sheets

(1 two or more Internauonal Searching Authorines are compeient fo carry 0wl the internanonal
search, mdicaie the name of the Authority which s chosen 1> carry owt the wternationol search )

y 25

m excess of 30

eddmonal component (only 1f sequence histing part of description
1s filed 1n computer readable form under Secion B01(a)(1) or
bath in that form end on paper under Secuan 811(e)(u))

400 x =]

E first 30 sheets l 407 00 m
D x $9 00 - | 0 00 [ﬁ]
number of sheers fee per sheet

] . _

fee per shect

Add umounts entered at bl b2and b3 and enter total at B I 407 00
Designaticn Fees
‘The nternationa) spplication confamns _92 designations _ _
5 x__$ 88 00 - 440 00 Tp)
number of designation fees amount of designanon fee
payable {maximum 5)
- Add amounts entered at B and Dand enter total st | l 847 Q00 m
l"_; (Apphcants {mm ceriam Siztes are entitled to o reduchion of 75% of the
miernationa ere Where the aﬂ:ﬂmﬂs ‘orall aoplicants are) soentitled the total
1 be entered at J 15 25% of the sum of the amounts eniered al Bund D )
4 FEE FOR PRIORITY DOCUMENT (if appheable) l 15 00 F]
5 TOTAL FEES PAYABLE § 1,552 00
Add smounts entered at T S Tand P and enier 1om] i the TOTAL box TOTAL

[C] The designauon fees ere not paid at this ume

MODE OT PAYMENT

m euthorization to charge
deposit aceount (see below)

m cheque D bunk draft

[ postal money order

D cash

O revenne slamps

] coupons
D ather (specify)

AUTHORIZATION TO CHARGE (OR CREDIT) DET OSIT ACCOUNT
(This mode of pavment may not be avatlabie at all recerving Qffices)

[ Authorzation to charge the total fees indicated shove

E (This check box may be marked only 1f the condinions for depostt accounts
of the receiving Office so permitt) Authonzaton to charge any deficiency
or credit any overpayment in the total fees indicated above

[J Authonzation to cherge the fee for priorty document.

Recerving Office RO/US
13~-]Bi6
Date _ Julv 8 2002

Namz,_Donald Aé f?urr 7
Signature Q ‘_ﬂh‘\ S-/

<«

Depasit Account Na

Ll

Form PCT/RO/101 {Annex) (Ianuary 2002 reprint July 2002)

Tr— - - -
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See Notes 10 the jee calenlation sheet
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From the

PATENT COOPERATIONTREATY

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To

DONALD A SCHURR
MARSHALL & MELHORN LLC
FOUR SEAGATE 8TH FLOOR
TOLEDO OHIO 43604

PCT

NOTIFICATION OF RECEIPT
OF DEMAND BY COMPETENT INTERNATIONAL
PRELIMINARY EXAMINING AUTHORITY

(PCTRules 59 3(e)and 6] 1(b) firstsenience
and Admimstrative Instructions  Section 6(1(a))

Detc of mailing

5 MAD 2003

{dawmonthrvear)
Apphicant s or ageni s file reference IMPORTANT NOTIFICATION
53 15755
Intemational application No Internetional filing daie (dawmonth/vear) Priority dete (dowmornsfvyear}
PCT/US02/21099 08 Jul 2002 09 Jul 2001

Applicant

CALDERON ENERGY COMPANY OF BOWLING GREEN INC AN OHIO CORPORATION

2 That date of receipt s

03 Feb 2003

I The uppheant ix hereby notified that this Intemational Prefiminary Examining Authonty considers the following date s the dale
of recerpt of the demand for tnternational preliminsry examimation of the mtemanonal application

Izl the aciuul date of receipt of the dumand by this Authority (Rule 61 1(b))
D the actusl date of reccipt of the demard on behalf of this Authority (Rule 59 3(e))

D the date on which this Authonty hus 1n response to the mviation te correct defects in the dumand (Form
PCT/IPEA/404) received the required corrections

] D ATTENTION That date of receipl 1s AFTER the expiration of 19 months from the prionty date  Consequently the
¢electian(s) made 1 the demand does (do) not have the cffect of posipaning the entry into the national phase until 30 months
from the prionity date (or later in some Offices) (Article 39(1)) Therefare the acts for entry into the nauanal phase must
be perfarmed within 20 months from the pr omy dute (or later in same Offices) (Arucle 22) For detals scc the FCT
Applicant s Guide Volume il

D fIf applicable) This notificavron confinns the mformation given by telephene facsimile transmission o m peTSon on

4 Only where paragraph 3 applics & copv of this nouficanon has bezn sent 10 the Intermational Bureau

Namc and muiling address of the IPEAS

Assistant Commissioner for Patent Box PCT

Washington DC 20231 Ann RO/US
FecsimileNo 703 305 3230

Authanzed officer

Jeryl McDowell

Telephane No 703 305 3639

Form PCT/IPEA/402 (July 1998)

)2 - dou \

iECEIVEL

WAR 1 0 2803

MARSHALL & MR HORN



The demund maust be filed directly with the competent Internanonal Prelgmnary Examirurg Avthoruv ar if two or more Authorittes are comperent
with the one chosen by the applicont The fidl nome or two-fetier code of that Authority may be indicated by the applicont on the hne below

IPEA’ US

PCT

DEMAND

CHAPTER 1]

under Article 31 of the Patent Cooperation Treaty

The undersigned requests that the mternanonal application spectfied below be the subject of
mternanonal preliminary exammation according to the Patent Cooperauan Treary end
hereby clects all eligible States (except where atherwise indicated)

Identification of [PEA

For Intemation il Prehrnm:T

Examining Authority use only

Date of receipt of DEMAND

BoxNo I  IDENTIFICATION OF THE INTERNATIONAL APPLICATION

Applicant 5 or agent & file reference

53-15755

International application No

. PCT/US02/21009

Internanoral filing date (@dmvinnnth/vear)
08 July 2002 (08 07 02)

Tutle of nvention

(Esrhiest) Pronrty date {len /monthivear)
08 July 2001 {09 07 01)

METHOD FOR PRODUCING CLEAN ENERGY FROM COAL

Box No 1l APPLICANT(S)

500 Lehman Avenue

United States of America

Bowling Green Ohio 43402

Name end address (Famiy nnm; ﬂlm gvet mame o @ legal enngy fll officsal destgrenon

The
CALDERON ENERGY COM
GREEN INC an Ohio corparation

tal code and rame of
APANY OF BOWLING

Telephone No
(419) 354-4632

Facsimile No

(419) 353 6293

Telepnnier No

Applicant sregistration No waththe Office

Siute (that ts counrry) of nationalety

us

us

State (thai s counrry) of residence

Name and address (Femily name followed by given name  for a lagal entity full offteial designatian. The asdress muat include postal code and name of coumiry )

State (that 15 country) of nononahiry

State (thai 15 country) of residence

Numec and address (Fanty nmne foflowed by given name  for 1 legd eminyfill afficw] desigratron The addrexs must fne fuch, pastal code ond name: of cawen )

State (that 15 country) of nauonaliry

State {thar s conmry) of residence

D Further apphcants are tndicated on a continusnon sheet

Form PCT/IPEA/40] (first sheet) (March 2001 reprint Januery 2003)

See Notes 1o the demand form



2 Interaanonal upplicntion Na

Sheet No PCT/US02/21099

Bax No Il  AGENT OR COMMON REPRESENTATIVE OR ADDRESS FOR CORRESPONDENCE

The following person 15 E agent D common representative
and E has been appointed earlier and represents the sppheani(s) elso for international preliminary examinanon
D 15 hereby appointed and eny earher appointment of (an) ageni(s)/common representative 15 hereby revoked

D 15 hereby appomted specifically for the procedure before the International Preliminary Exarmning Authonty 1n addiuan to
the agent{s)/common representative appointed carher

Name and eddress {Famr.’v nome fallowed b dy given nam  for a legal entity full officral desigranon | Telephone No
The address must inciude pastal code and name of couniry ) ( 41 Q) 249-7145
MARSHALL & MELHORN, LLC

SCHURR, Donald A , DOLGORUKOV, D Edward, OBERLIN, |FeesimileNe
Phillip S , HIXON, Mark A , EVANS, Stephen P , and |(419) 249-7151
COLWELL, Angelica M Teleprinter No
Four SeaGate - 8th Floor
L Toledo, Ohlo 43604 AgeLymer g on p enth e Qflics
United States of America M,’-,“’ i ’ ' '

D Address for correspondence  Mark this check box where no agent or common represcnuuv: 1sfhas been eppointed and the
space above 15 used instead to indicate a special eddress 1o which correspondence should be sent

Box No IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerming amendments
1 The applicani wishes the intemnational preliminary exammation to start on the basis of
the intecmauonul appheation as orginally filed
the desenption E 85 anpinally filed
#5 amendcd under Arucle 34

the claims @ as ongnally filed
D as amended under Article 19 (logether with any accompanying sutement)
D as amended under Article 34

the drawings [E as ongnally filed
D a5 amended under Article 34

2 D The apphcant wishes any smeridment to the ¢laims under Article 19 to be considered s reversed

L 3 D The apphicant wishes the start of the internationat preliminary examsnation to be postponed untit the expiration of 20 months
from the prionty date unless the Internatioral Preliminary Examumng Authority receives a copy of any omendments made
under Article 19 or a notice from the applicent that he does not wish to make such amendments (Rule 69 1(d)) (This check
box may be marked only where the ttme im ! under Arucle 19 har nol vet expired )

Where no check box 15 marked nternatienal pr liminary examination wili start on the basis of the intemantonal applicauion
85 orynnally fited or where a copy of amendments 10 the claims under Article 19 and/or smendments of the intematonal appheation
under Article 34 are received by the Intemanonal Prelimimary Examining Awthonity before it has begun 1o draw up a wniten opinion
or the iniernational prehiminary examination repon as so amended

Language far the purposes of internationsl preliminary exmmination  Enghsh
whith 18 the language in which the internanonal sppitcation was filed
D which 1§ the lungunge of 2 tronslanon furnished for the purposes of intcrnstional senrch
D which 15 the language of publicatian of the intemnational apphicaton
D which 15 the language of the trunslauon (1o be) furmished for the purposes of intemanional prelimmery exommnanon

Box No ¥V ELECTION OF STATES

The appheant hercby elects al) ehglble States (that s alt States which have been denignated and which are hound by Chapier 1} of
the PCT)

excluding, the following States which the apphicant vishes not to elect

Form PCT/IPEA/401 (secand sheet) (March 2001 repnin Jenuary 2003) See Notes o the demand fmm
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SheetNo 3

Internanonal apphicabon No

PCT/US02/21099

Bax No VI CHECK LIST

The demand 1s saccompanied by the follawing elements 1n the |anguage referred toin
Box No IV far the purposes of miemauonal preliminary examination

1 wanslanon of internanenal application sheeis
2 smendments under Amcle 34 sheels

3 copy {or where required translation) of
amendments under Amicle 19 sheels

4 copy (or where required translanon) of

statement under Article 19 shects
5 letter sheets
6 other specyy) sheets

For Intemanional Prehminary
Examimng Authanty use only
recerved nol received

uao o o
oot O oo

The demand i also eecompanied by the item(s) marked below

1 fee coleulation sheet 5 D staicment explaiming lack of signature

2 [7] ongnal separate pawer of attomney 6 [] sequence hstings in computer readable form

3 7] ongmal geners! power of attormey 7 [J tables 1n computer readable form related 1o

4 [ copy of generl power of attorney Seasmes ImtmgsEx ress mall certificate
reference number 1f any 8 m ather (specify) P

Box No VIl SIGNATURE OF APPLICANT AGENT OR COMMON REPRESENTATIVE
Next 1o each signature mdicate the name of the persan signiny, anc ihe capachy in which the peryun sy ns (if tach copecin 1 nos rviows fro +revd ng the demend)

0 Dy f—

“"Donald A Schurr Reg No 34 247
Attorney for Applicant

1 Date of actual receipt of DEMAND

For Intemetianal Preliminary Examimng, Authority use only

[

Adjustcd date of receipt of demand due
to CORRECTIONS under Rule 60 1(b)

3 D The date af receipt of the demand 15 AFTER. the expiration of 19 months
from the prionty date and 1tem 4 or 3 belox does not apply

D The applicant has heen
informed accordingly

Rule 80 5

4 D The daie of receipt of the demand 158 WITHIN the penod of 19 months from the prionty daic 8s exicnded by vinue of

15 EXCUSED pursuunt 10 Rule 82

5 D Although the date of receipt of the demand 15 after the expiration of 19 months from the prionity date the delav in amval

For Internanonal Burcau use only

Demand received from IPEA on

Form PCT/IPEA/401 (last sheet) (Fanuary 2003)

-

f:, ‘-‘:5:
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Sce Nates o the demund form



CHAPTER 11

PCT

Ik E CALCULATION SHEET

Annex to the Demand

= For International Prelimmnary Exannming, Authority usc only e

e PCT/US02/21099

Apphcant s or ngent 5
file reference 53-15755 Date stamp of the [PEA

Applicant

CALDERON ENERGY COMPANY OF BOWLING GREEN INC

CALCULATION OF PRESCRIBED FELS

1 Preliminary examination fee ' 490 00 m

2 Handuing fee (dpphconis from certain Siaias are
entitled to a reduction of 75% of the handing fee
Where the applicant is for all appiicants are] so
entitled the amount to be entered at H 1s 25% of the | | H l
handling fee ) 146 00

3 Total of prescnbed fees

Add the amounts entered at P and H
and enter total 11 the TOTAL box 636 00

TOTAL

MODE OF PAYMENT
E anthonzation 1o charge deposit D cash
account with the IPEA (see below)
E cheque D revenue stamps
D postal mancy arder D caupans
D bank draft D other (specify)

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
(This mode of paymeni may not be availoble at all IPEAs,

PEA/ US
] Authonzavonio charge the woto! fees indicated above Deposnt Account Na 13 1816
[ Tk checl box muy bemarked onbv if the conditions for Dae 03 February 2003
deposn accounts of the IPEA so permir) Authonzation
to charpe any deficiency or credst any averpuyment in Neme Donald A Sch U r
the total fees indicated above Q‘ ! f ! ; /N
Signature -;
Formm PCT/IPEA/401 {Annex) (March 2001 repnint January 2003) See Notes 10 the fee calenlanon sheet



-

AT T .-

PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To

DONALD A SCHURR
MARSHALL & MELORN LILC
FOUR SEAGATE 8TH FLOOR
TOLEDO OH 43604

PCT

NOTIFICATION OF TRANSMITTAL OF
INTERNATIONAL PRELIMINARY

u Internauonal application No

PCT/US02/21099

08 July 2002 (DB 07 2002)

EXAMINATION REPORT
(PCT Rule 71 1)

Date of Maling

waymoniyears ()7 APR 2003
Appiicant s or agent 5 file reference

IMPORTANT NOTIFICATION
53 15755
Imernational filing date (day/month/vear) Priority date {day/month/year)

09 July 2001 (09 07 2001)

Applicam

CALDERON ENERGY COMPANY OF BOWLING GREEN INC

all the elected Offices

4 REMINDER

s The applicant must enter the ratonal phase before each elected Office by performung certamn acts (filing
translations and paying nanonal fees) within 30 months from the prionity date {or later 1n some Offices)(Arucie
39(1))(see also the remuinder sent by the Internauonal Bureau with Form PCT/IB/301)

Apphcant 5 Guide

1  The applicant 1s hereby noufied that tms International Prelimunary Examuning Authonty transmits herewith the
mternational preliminary exanunation report and its annexes 1f any estabhshed on the internanonal applicanon

2 A copy of the report and its annexes 1if any 15 bewng transrmtied to the International Bureau for commumcaton to

3 Where required by any of the elected Offices the International Bureau wall prepare an Enghsh ranslanon of the
report (but not of any annexes) and will transmut such translation to those Offices

Where a ranslanon of the international applicason must be furmished 1o an elected Office that translation must
contan a ranslanon of any annexes to the mternational prelumnary exammaton report It 15 the applicant s
responsibility to prepare and furmsh such translation direcily 10 each elected Office concerned

For further details on the apphicable ume limuts and r.quirements of the elected Offices see Volume II of the PCT
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Name and mailing address of the [PEA/US
Commusoner of Paienis and Trademarks
Boa PCT
Washinpten O C 20231

Facsimile No (703)305 3230

1
I 1
theglzed offige!
%Jl idley

Telephone No  (703) 308-0661

Form PCT/IPEA/416 (July 1992)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)
Appiicant s or agent 5 file reference
FOR FURTHER ACTION lS:c.eINouﬁcagt:: of Transnunal of lnmmptéqrn;lp .
53 15755 relimunary Examination Repont (Form )]
Internanuional applicaiion No Imernational filing daw: (day/month/year) Priority date (day/monthivear}
PCT/US02/21099 08 July 2002 (08 07 2002) 09 July 2001 (09 07 2001)

Internaucnal Patent Classification (EPC) or national classification and IPC

IPC(7) C10J 3/08 and US C1 487210 101 107 119 202 203 422/232 236 60/3901 39 12

Apphicant

%
\
b CALDERON ENERGY COMPANY OF BOWLING GREEN INC

1 This mernational prelumnary exammnation report has been prepared by this Internanonal Prelimunary
Examining Autbornty and 15 transmutied to the applicent according to Article 36

2 This REPORT consists of a total of i sheets including thas cover sheet

[:l This report 15 also eccompanied by ANNEXES 1e¢ sheets of the descripuon claims and/or drawings
which have been amended and are the basis for this report and/or sheets contaming rectifications made
before this Authority (see Rule 70 16 and Secuon 607 of the Admunistranve Instrucuons under the PCT)

These annexes consist of a total of-ﬁ"&'heets

n DPnonty

3 Ths report contains wmdications relating to the fcllowing items

I & Basis of the report

1] D Non establishment of report with regard to novelty inventve step and industnial appheabiliry

s v D Lack of unity of mvenuon

v E Reasoned statement under Arucle 35(") with regard to novelty venuve step or industrial
apphcability citabons and explanations supporting such statement

Vi l:l Certamn documents cited
Vi D Certaun defects in the miernational applicanon

Vil D Certam observauons on the internanonal applicaton

03 February 2003 (03 02 2003)

Date of subrussion of the demand

Date of completon of this report

21 March 2003 (21 03 2003)

Bax PCT
Waghinpton D C 20231

Facsimile No (703)305 3230

Name and maitling address of the IPEA/US
Commusiioncr of Paents znd Trademarks

Telephone No  (703) 308 0661

Form PCINPEAJ4ADS (cover sheet)(July 1958)



International application No
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCTIUSO2/21099

l' I Basis of the report

1 With regard to the elements of the imemationat zpplication
E the mtemational application as origmnally filed
IE the descripuon

pages 1 10 as onginally filed
pages NONE filed with the demand
pages NONE filed with the lenter of
@ the claims
peges 11 16 , as ongmnally filed
pages NONE as amended (together with any statemnent) under Article 19
pages NONE filed with the demand
pages NONE filed with the letier of
- E the drawings
w pages 13 as onginally filed
pages NONE filed with the demand
pages NONE filed with the letter of
I:I the sequence lisung pan of the description
pages NONE , a5 ongnally filed
pages NONE filed with the demand
pages NONE filed with the letter of

2 With regard to the language al! the elements marked above were available or furushed to this Authorty in the
language in which the nternational applicauon was filed unless otherwise indicared under tus nem
These elements were available or furmished to this Authority in the following language which 1s

D the language of a trapslation furmushed for the purposes of international search (under Rule23 1(b))
D the language of publication of the international apphicauon (under Rule 48 3(b))

the language of the translaton furnished for the parposes of international prefumnary examunstion{under Rules
55 2 and/or 55 3)

3 With regard to any nucleotide and/or armuno acid sequence disclosed i the internanonat apphicanon the
internanonal prehmnary examunauon was camed out on the basis of the sequence lisung

D contamed 1n the internauonal application in printed form

L D filed together with the international application in computer readable form
D furnmished subsequently to this Authority 1in wriner form

D furmshed subsequently to this Authority 1n computer readable form

D The statement that the subsequently furnished wriiten sequence hsung does not go beyond the disclosure n the
mtermnational appheanon as filed has been furmshed

D The statement that the information recorded i computer readable form 1s wdenueal to the wrinten sequence lisung
has been furnished

4 D The amendments have resulied in the cancetiation of

I:] the description pages NONE
D the claims Nos NONE
D the d-awings sheets/fiz NONE
5 D This report has been estzblished as 1f (some of) th amendments had not been made since they have been considersd to o

beyond the disclosure as filed as indicated in the Supplemental Box (Rule 70 2(c)) ="

* Replacement sheets which have been furushed to the recerving Office in response 10 an invetation under Aruicle 14 are referred to in
this report as  onginaliv filed and are nor annexed 1o thus report since they do noi contain amendments (Rules 70 16 and 70 17)
* Any replacemen: sheer comainng such amendments must be referred (o under liem I and annexed to this report

Form PCT/IPEA/409 (Box 1) (July 1998)
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International applicauion No
INTERNATIONAL PRELIMINARY EXAMINATION REPORT PCT/US02/21099

1| ¥V Reasoned statement under Rule 66 2{a)(u) with regard to novelty, tnventive step or industrial apphicabihity,
citations and expianations supporting such statemnt

1 STATEMENT
Novelry (N) Clauns 1 38 YES
Claimns NONE NO
Inventive Step (IS) Claims 138 YES
Clams NONE NO
Industrial Applicabily {IA) Clams 1 38 YES
Claams NONE NO

6 2 CITATIONS AND EXPLANATIONS

Cluims 1 38 meet the criteria set out in PCT Arucle 33(2) (3) because the prior art does not teach or fairly sugpest a method
comprising feeding coal mto a chamber which 15 scaled w the atmosphere moving the coat within said chamber towards discharging
end tnjecting essentally pure oxygen mn such a way as to combust a poruon of the coal while mainisining a pressurnized reduced
atmosphere 10 cause release of high levels of thermal energy 10 devolanlize the coal and to yield 2 pressurized hydrogen rich raw pas
comasmng coal denved cancer causing disultates and hydrocarbons gether with hot char cracking the coal denved cancer causing
distillates and hydrocarbons contained in the hydrogen rich raw vas to make a hydrogen rich cracked gas which after desulfunzauon
becomes clean hydrogen nich synthesis gas direcning the hot char 1o a gasifier which 15 sealed o the aimosphere gasifying the hot
char with air » said gasifier w yield a raw fuel gas and molten slag  flowtng the raw fuel gas together wath the molten slag through a
common port out of said gasifier 1o mamtamn said pont open for the free flow of the raw fuel gas and the molten slag separaung the
raw fuel gas from the molten slag after exinng from said common port directing the raw fuel gas to cleanup system o clean 1t and
thus yield clean fuel gas sunable for combustion with low NOx formation and qucni:hmg the molien slag to covent 1 10 an non
leaching solid

Claims | 38 meet creena of industrial apphicability under PCT A rucle 33(4) because claimed sysiem can be used 1o provide fuel for
fuel cell und therefore for electric power production

Form PCT/IPEA/40% (Box V) (July 1998)
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LAW OFFICES OF
MARSHALL & MRLHORN LLC

1 JUBTICE O JONNBGN A & QONALD A BCHURK Four SEAGATE €OWIN o MaARSHALL 73 19481
l THOMAR W PALMER AMY N NATYBHAK DONALD F mMELHORN I8RO (9741
METH J WHITL
| THOWAS P RELAN oyl EIGHTH FLOOR cou x
yauonh A womeET, KEMNETH J MAUER DONALD P HMELWORN JR
MARSHALL & RENNETT JR ::;:::":'.;:::"z. ToLEDD OHIO 43604 PAUL M KRAUB

| RUTK A MEAEHAN

PHILLI™ B OBERLIN
| Lom W DECKER

CLAAT A BMITM

MICHAEL A ODNZALEZ -
Ry e o vaon e rnser
J GERARDD O ROLLIson MARK A HIXON TELECOPIER i@} 24B-715] MONROE MICHIGAN 4818
DAVID L O GOMNELL BRIDOETT 4 ROOT
| JEMNIFER J DAWBDM AMUELICA M COLWELL 4 FIRM | MAIL sttomeys® marchal-relhomcom I734] 457 2444
JAMEER H IRMEN KRAIBTEN A CONNELLY
b EDWARD DOLGORUMOV & JOWN A BOREKLL JR hap: e el melhomoom
MARK H ROBIS JANICE K YOON
ADMT EQ O RACTICE SC OmME
Snruo ADwi TED wa kAN December 10, 2003
The International Bureau of WIPO VIA FEDERAL EXPRESS
34 chemin des Colombeties # 8428 2088 2376

1211 Geneva 20, Switzerland

Re Internauonal Applicanon No PCT/US02/21099 filed 08 Tuty 2002
Q Request For Recording Of Change of Applicant Under Rule 92°*
Title Method for Producins; Clean Energy From Coal
Applicant Calderon Energy Company of Bowling Green Inc
(Our File 53-15755)

. i —I..n-—-..“m—_%‘“"

Dear Sit/Madam

Pursuant to Rule 92", Applicant requests The International Bureau of WIPO to record a
Change of Applicant from that appeaning in 1the Request as onginally filed The Applicant
Calderon Energy Company of Bowling Green, Inc has assigned their entire nghts to Calderon
Syngas Company as noted below

New Apphicant  Calderon Syngas Company, an Ohio corporation
500 Lehman Avenue
Bowling Green, Ohio 43402

. United States of Amenca

State of Nationality US
State of Residence US

Phone (419)354-4632 Fax (419) 353-6293

- e et e E—— S WAk Ym & Bk

This Request under Rule 92™ s being filed prior to the 30-month deadline date of
Tanuary 9 2004 and due to the upcorring nanonal phase filing Apphcant respectfully requests
an expeditious recording of change of Applicant and issuance of PCT/IB/306

- ———
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The Internanonal Bureau of WIPO
December 10 2003
Page 2

A copy of the Assignment from Calderon Energy Company of Bowling Green, Inc the
Applicant in the subject international application to Calderon Syngas Company 1s attached
hereto, along with a newly executed PCT Power of Attorney document for the new Apphcant

Calderon Syngas Company

Please record the change of Applicant 1dentified above to ensure 11 1s on record with the
International Bureau of WIPQ 1n respect of the above captioned intemational application

Respectfully yours,
MARSHALL & MELHORN LLC

= KA

Donald A Schurr
Attorney for Applicant, Reg No 34 247

DAS/Am
Attachments
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State of Ohio )

) ss
County of Lucas )

a8

Rt

I, Donald A Schurr, a Notary Public in and of the State of Ohio, mamntaming my office
at Four SeaGate - 8th Floor, Toledo, Ohio, USA, do hereby certify that the attached 1s a true
and correct copy of the Assignment document dated December 5, 2003, whereby CALDERON
ENERGY COMPANY OF BOWLING GREEN, INC , a corporation of the State of Oho, sold,
assigned and transferred their entire right, title and interest in, to and under the invention
foundin U S Application No 09/901,554 filed July 9, 2001, and PCT International Apphcation
Nao PCT/US02/21099 filed July 8, 2002, entitled "Method For Producing Clean Energy From

o Coal", to CALDERON SYNGAS COMPANY, a corporation of the State of Ohio, residing at
. 500 Lehman Avenue, Bowhing Green, Ohio 43402 USA, for the Unrted States and its territorial

possessions and in all foreign countries, including all rghts to clarm priority, and any legal
equivalent thereof i a foreign country

i
W
Signed 1n Toledo, Ohua, tlus?-l’ day of December, 2003

—Apcf—

Notary Public

Notary Pubfic -~ State of Ohlo
My commlasion has no expiration data,
Secuon 14703 RC.

¥~  DONALD A SCHURR

—————p—— - —— e —
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f2/85/2083 14 43 4193536293 LALLERUN ENERGY LU R

)

f 1

Attorney's Docket Nos _[ 15755 & &3-

._.
L
-3
[

PATI N1

For _x US and/or _» _Foregn Raghts
For _x US Applcation o

___1JS Prowvisional Applicaunn
For _ U S Patent
For _x PCT Apphcation

By _ Inventor(s) or _»_Iresent Owner
ASSIGNMENT OF INVENTION

in consideratiin of the payment by ASSIGNEE to ASSIGNORS of the um of One Dallir
(81 00) the receipt s | which 1s hereby acknowledged and for other good and vi luable
consideration,

&~ ASSIGNORS Inventors or persons or entihes who vwn the invention

__CALDERON ENI RGY COMPANY OF BOWLING GREEN, INC_
500  EHMAN AV NUE

_BOWLING GRE} N OHIO 43402

AN OHIO CQRP(IRATION US A
Nationahty

by virtue of an assignmint recorded on May 2 2003 at Reel 012869 and Frame 0564 herein
sells assigns and tra; ~fers to

ASSIGNFE  _( Al DERON SYNGAS COMPANY
_300 | EHMAN AVENUE
_BOWILING GREEN, OHIO 43402

— -y — — e

—_— e e - — —

— st ma ameee — —

W AN OO CORPORATION A ——— —_— e e -
N itinahty

and the successors 1 vigns and legal representatives of the ASSIGNEL
the entire nght tile  n | imterest, and 1n all foreign countries, includmng all 1ght, o claim priont
m and 1o any and «ll improvements which are disclosed mn the mnvention entitled

e METHOD | OOR PRODUCING CLEAN ENERGY FROM COAL
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1‘2:’55!28@3 14 43 4193536233 CALDZRON ENERGY CO SAGE 83

A

Attorney's Dochet Na« _} 15755 & 53-

15755

Name of mventors ALBERT CAIDERON and TERRY JAMES LAURIS

and which 1s found 1 'S Senal No 09/901,554 filed July 9, 2001, and in PC { application Na
PCT/US02/21099 filed fuly 8, 2003, and any legal equivalent thereof 1n a forei,n country
including the nght 1¢ «laum pnonty, and, i and 1o, all Letters Patent to be obtained for said
mvention by the i1bevo apphcation or any continuation. division, renewal or sunstitute thereod
and as to letters patun’ any reissue or re-examunation thereof

ASSIGNOR h reby covenants that no assignment, sale, agreemen! or ¢ cumbrance has
been or will be made or entered mto which would confiict with this assignment

ASSIGNOR further covenants that ASSIGNEE wall, upon its request, v provided
promptly with all pertinent facts and documents relating to said mvention and said [ etiers Palt nt
and legal equivalents u« may be known and accessible to ASSIGNOR and will 1 stify as to the
same in any interferenc e, tigation or procesdmg related thereto and will prompily execute arxl
dibiver to ASSIGNTE | or its legal representatives any and all papers, instrumen  or afhdavits
requured 1o apply for obtamn, mamtam, 1ssu. and enforce said application, smd invention and wud
Letters Patent and <aw! equivalents thereof which may be necessary or deswrable to carry out the
purposes thercof

ASSIGNOR

alderon Energy Company Of Bowlhng {neen. inc
By Albert Calderon, President

- ———— - ——— —_
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PCT )

POWER OF ATTORNEY
ifor anante sanionad apphe non filed under the Paenr Cooperanon Treaty)

(PCT Rule 90 5)

LJ he undessigned appls ant 3) (NGnes sheuld be indicased ay they appear in the request)

Calasron Syngas Company an Ohlo corporation
500 Lenman Avenue

Bowing Gresen Onio 43482

Unitea Siates of America

herehy wppn are fappouwmi | the fallowang person as m agent [j COmMMON Feprescniativa

Name and addren
(Tarub wame foliovsed by g ven nome for aleeal crmn full officlel dessgnanor: The address st inc hude postal cods and name o7 country )

SCHURR Donald A Reg No 34 247 DOLGORUKOV D Edward Reg No 26,266 OBERLIN Pnihp
S Reg No 19066 HIXON Mark A g No 44 766 EVANS, Stapnen P Reg No 47 281 COLWELL
AngelicaM Reg No 46 637 and KIVMET Stephen G Reg Nc 52 488 ali of the law firm of

MARSHALL & MELHORN LLC

Four SeaGate B8th Finor

Tolede Omo 43604

Unlted Siates of Amenca

10 represent the wedersigned before @ all the comperent [ntzmstunal Amhontia
D the Inrcmunional Searchmyg Authorty only

D the Intemnalional Prehmmary Exanunming Authonty only

n copnécnion with te wternanaonul applicuon identified below
Tule ﬂflh! invennon Mﬂmﬂi fOf Pmdl-ldﬂg Clean Enefgy FrCllTl CDII

Applunut’s or agent’s Merefercnce  53-15755

Internanional apphiention number (if alvsndy availuhic) PCT/US02/21099

filed wath the following Office  Linited Staips Patent and Trademark Office a8 recaving OfTie

and 10 miK. o~ recerve ayments on bunalf of the undemsigned

Signsturc of the appUcuntis) (v cre there an several appienns, vich of them Bunisign Wl 10 ook hulure Wiahear tha dunc of e jier=or s gnon, nd
she eapacs n wheh the perstn rgra i wen capaciry 1 not whvigey Jram routhng the reuest ar e gorver)

¥ W
?én Calaeron Presicent

/2/@%5003

Dare X

Forr PCT/viede of power 0f L 10MEY (f0 2 gIveD micmuhonal appheatun) (July 1992)

-
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A -- H . kadicacion 3 HARBOTRE  MAHARAE hiiss (55
S - ‘ :  Fecha (AHD) T 20B41-15 Losiiaed .
Jf . ! Urvanite  : WY RCE-PAIRND 379 HOE BT AL mmmm,%
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o REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL

TRAMITE

"

- USUARIC  RADICADOR

PATENTE DE :NVENC!ON?/ MODELO DE UTILIDAD () (/

-~ Indicacion de que se solicita {a concesion de una patenie. L {) {
-Datos de identificacion del;soficifante o de ta persona que se presenta la solicifed.  { ) (
(

{

. - Descripcion de lainvencién, . { ) o '
- Dibujos e ser eslos pertinenies. P ‘ I . B
- Comprobante de Pago de Jas tasas establecidas. . ? . L .
(_»  COMPLETA T / : ~ INCOMPLETA { ) () . L
N . -'

DISERO INDUSTRIAL ( )

o

.

STy
ot T

- Indicacion de que se solicita el registro de Disefio Industrial

- Datos de identificacion del solicitante o de la’persona que presenta
- la solicitud. ‘ # B
Representacion grafica y fotografica del Disefio Industrial o muestra del . i
Material que incorpora el diseiio. ( ) ) 03
Comprobante de pago de Jas tasas establecidas { ) O I 3

.
—
—_——
—
.
T
el

COMPLETA () . " INCOMPLETA () ()

0
ESQUEMA DE TRAZADO (| . S

@ - - Indicacién de que solicita el registro de un Esquema de trazado. { ) () Ce ;
™ - Datos de identificaclon del solcitante o de ta persona gue presenta
La solicitud,

Representacion grafica del esquema de trazado ‘( ) { ) 4
Comprobante de pago de las tasas estabteg;das. { ) {) c

COMPLETA (| INCOMPLETA () () ‘ i3

Firma Responsable:
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AN

A

Industria y Comercio
SUPERINTENDENCIA
2020 ) '5“\
Bogot4, DG, ?,S
Doctora Oficlo N° _
Diia Marfa Rodnguez D'Aleman 04750
Apoderada
Calderon Syngas Company
ASUNTO Radicacitn N° 04-2782
Solictud intemacional PCTAUS2002/21099
Fecha mcio fase naconal 09/02/2004
Tramite m
Evento 379
Actuacién 430
Folios 001

CGomo resuttado del examen de forma, realizado con fundamento el el articulo 38 de la Decisidn 486 de la
Comisibn de la Comundad Andina, articulo 27 del Tralado de Cooperacidn en Matena de Patentes (PCT),
regla 51 bis del Reglamento y Circular Unica de la Supenntendencia de Industna y Comercio, se le comunica
que

0 La solciud no conbene la copia del docurnento en que consta la cesidn del derecho a la patente del
inventor al solictante 0 a su causante (Art 26-k) Decisién 486)

D La soliciud no contiene el poder debidamente otorgado, con el lleno de los requisitos exigdos por los
arhculos 63 y subsiguientes del Codigo de Procedimiento Cvil Adicionalmente, deberd presentar el
documento que acredita la existencia y representacion legal de la sociedad solictante, cuando ésta fuere
persona juridica

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le requiere para que dentro del
térmuino de dos meses siguientes a la fecha de notficacién del presente oficio, complete los requistos
antenormente enunciados En caso de no dar cumplmiento al presente requenmiento, la solictud se
considerara abandonada y perdera su prelacidn

Notriquese el presente oficio conforme a lo dispuesto en el numeral 5.2, Iiteral e}, del capitulo quinto del
titulo pnmero de la Circular Unica N° 10 de 2001

87 My 2004
El antenor requenmiento fue notificado por fijacion en lista de fecha




