NETHCD OF | NCI NERATI NG WASTE MATERI AL BY WAY OF DRY DI STI LLATI ANB?C
GASI FI CATI ON BACKGROUND OF THE | NVENTI ON Fi el d of the Invention o
‘presént invention relates to a nethod of in- cinerating waste mat e@ﬂ
such as waste tires, for exanple, through dry distillation and gasi ation
by thermally de- conposing and gasifying a waste material by way of dry
dis- tillation to produd&ETHGFINCINERJTINGHUASTRQMATEREAnbUS- ti bl e gas,
and inparting the heat of combustion to a heat source such as a boiler or

the like. Descripti oB%fWATHOMDRY DASTILEATIRNOAND pEREEEECAPIOMCi ner at i ng

waste materials such as waste tires, for exanple, is disclosed in Japanese
| ai d-open patent publication No. 5- 296427 According to the disclosed

process, a waste material is asi fication. furnace
and a portion of the waste né#%ﬂ&ﬁgghﬂingghh aﬁkﬁﬁ¥g°$he remai nder of the
wast e naterlgi i& 5Pegﬂgn$) %k%} Qposed through dry distillation wth t he

heat of conbus A Co e gas produced by the waste ma- terial when

it is thermally decorm@ﬁsd Fésént ' SEGRCidd FRIR0Y B sRlkhea beraace into
a conbustion furnace posi - tloned outside of the gasification furnace, and

the intro- dyerérgeimysiaste mterialilisieh a8 Wasteoghees| OfofUeRaffle,
During the above incinerating process, the gasifi- cation furnace is
suppl i ed wi t hoaygkndtyidisticklfsion dnd gasification by thermally de-
composing and gasifying a waste material by way of dry dis-
tillation to produce a combustible gas, burning the combus-
tible gas, and imparting the heat of combustion to a heat
source such as a boiler or the like.
Description of the Prior Art:
One known process of incinerating waste materials
such as waste tires, for example, is disclosed in Japanese
- laid-open patent publication No. 5-296427. According to the
disclosed process, a waste material is placed in a fully
closed gasification furnacé and a portion of the waste mate-
rial is burned while the remainder of the waste material is
thermally decomposed through dry distillation with the heat
of combustion. A combustible gas produced by the waste ma-
terial when it is thermally decomposed ié introduced from
the gasification furnace into a combuétion furnace posi-
tioned outside of the gasification furnace, and the intro-
duced combustible gas is burned in the combustion furnace.
During the above incinerating process, the gasifi-

cation furnace is supplied with oxygen (air) necessary to
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£~carry out the dry distillation through an oxygen supply pas- sage, and

t he tenperature at which the conbustible-gas is burned in the conbustion

faurnace i s detected. The opening of a valve disposed in the oxygen supply

passage is con- trolled depending on the detected tenperature through a

f eedback | oop so that the detected tenp@rature will be equalized to a

certain substFEY QY e Armhdisdiddasione thraugheannoxygent supply qpass,

the tenperature at_ which the conbustible gqs is burned in the conbustion

fur- nace, iS3ges 13 dhd EURSTaAIFSe A%t WhACBr thaecomhnstiblbe cga@isis vari es

as indicated by the, sol.id-line curve Jerr] in FI.G -2 of the acconpanying

dr awi ngs. S&é'i’%(q?£aﬁq fh"af“t%‘?ri’“é"tﬂ'&nt ifhﬁné}’et he detected: erflPléﬂ’ ‘PPP’H]‘F]S
asificatio . been jgnited, starting d distillation, the

gorrbust i on P.éfnrggesga?ﬁfgu@%o%%q@o%&?sPﬂﬁgngﬁgp’?ﬂtB%s‘%%u%? i PP ur nace
radu- ally 4 qis%%sna e S e gas

gr adual l'y i n%%%%g: er# J{hﬁe%%&s?}é E%Ctg gﬁpé%ﬁ%?égﬁgtﬁégé%?}gu%t I bl e gas
reaches a presedidit NSbE Y AU the EQ?EEES&:T%@?%& ré!a\lzi’flf'ﬂbthe oxygen

supply passage. is con- trolled to kee e Cco n tenperature

conti nuous! yeqialiedrisiel Wdtivads sapaeantiatly VheAstift MCombOfw . t he
wast e naterié?imhich can be thermally deconpos%d I s reduced i n anpunt as
the dry distillation iEitheriagiamratsing protessotht etmpegatarat 8¢
conmbusti bl e gas is reduced even though

which the combustible gas is burned in the combustion fur-.

nace, i.e., the combustion temperature of the combustible
gas, varies as indicated by the solid-line curve a, in FIG. 2
of the accompanying drawings. Specifically, after a portion
of the waste material in the gasification furnace'has been
ignited, starting dry distillation, the combustion tempera-
ture of the combustible gas in the combustion furnace gradu-
ally increases as the amount of a gener#ted combustible gas
gradually increases. When the combustion temperature of the
combustible éas reaches a predetermined temperature, the
opening of the valve in the oxygen supply passage is con-
trolled to keep the combustion temperature continuously at
the predetermined temperature. When the remainder of the
waste material which can be thermally decomposed is reduced
in amount as the dry distillation is in progress, since the
amount of a generated combustible gas is reduced even though
the opening of the valve is controlled, the combustion tem-
perature.of the combustible gas in the combustion furnace

gradually decreases from the predetermined temperature.



t he opening of the valve is controlled, the conbustion tem perature of the
combusti bl e gas in the conbustion furnace gradually decreases fromthe
predet erm ned tenperature. 3 According to the above incinerating
“process, the waste material can be incinerated in a manner to prevent gases
such as NOx, etc. which are harnful to3environnments frombeing emtted when
t he predetern ned tenpecardingi tosthe tabave uincibier atdmge pxogess, the
Furthernore, the heat of conmbus- tion of the conbustible gas can

ef f ecti vel ywast@tpateriplyiean jhe jinqinereted io a mannesolecpPrevenh
apparatus which util- izes heat enerqgy, such as a boiler or the like. The
appar a- t us93%@% 3uCh 3% ¥Q%, HtqH@FhIqh: arg, hgamiyd, 5P-8NELIPBR@RESy duri ng

iod of tinme, ip which th ombusti on tenperature of the conbystible gas
TS’ mai nt ai nEEOS PeHRd SLEted when, the, SEedetesmIneg; LPBDOFALHEE (18 98h ¢ t o

rocess. 11600 AERRIS ety BnetoiorinER o Faeghedf o nOBBRbuCr on
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efficiently;oves PmpRPtedUyca iddSdlirdd Bt aleppalatisdaniBy GeifEt by
I ncreasing the capac- 1ty of the gasification and Conbustion furnaces for
process- izes heat energy, such as a boiler or the like. The appara-

tus such as a boiler or the like caﬁ be operated efficiently

during a period of time in which the combustion temperature

of the combustible gas is maintained at the substantially

constant temperature.

It is desirable to process a large amount of waste

material efficiently in the incinerating process. If the

heat of combustion of the combustible gaé in the combustion

furnace is utilized as the heat source of the apparatus such

as a boiler or the like, it is also preferable to be able to

operate the apparatus efficiently over a continuous period

of time. These demands may be met by increasing the capac-

ity of the gasification and combustion furnaces for process-

ing a large amount of waste material. However, a large

amount of waste material placed in the gasification furnace

generally prevents the heat from being smoothly propagated

for dry distillation, making it difficult to thermally de-

compose the waste material stably and sufficiently through

dry distillation. When this happens, the amount of a gener-

ated combustible gas is unstable, and the combustion tem-



ing a | arge anmount of waste material. However, a |arge anount of waste
material placed in the gasification furnace generally prevents the heat
from being snoothly propagated for dry distillation, nmaking it difficult to
“thermal |y de- conpose the waste material stably and sufficiently through
dry distillation. Wien this happens, t e anount of .a gener- ated

conbust i bl epgaatiurseunft théecombuist Hele gazusin dhet @ombustdiopefuarnaceofist he
conbustible gas in the conbustion furnace is also unstable, tending to
gener at e undésprupstableestendingsto@enaxate andlesdinable gasesasnghopsrat e
t he apparatus such as a _boiler or the like efficiently. In view of the

“above probl BRE, eke-i aAnEnfailing t@gkakiy PRATRKEhe, \GPPRIASHE SBER of

gasi fication_and co bustjon rnaces, .and _thermally deconpose a waste
Tacer| ol t nASUBNDRLIeE: GE | bhel 1K AL IRAERSYy oduced conbust bl 6 gas
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~ through dry distillation and burn a produced combustible gas
successively or alternately at suitable times in the gasifi-
cation and combustion furnaces of the sets, for thereby
processing a large amount of waste material and imparting
the heat of combustion of the combustible gas successively
or alternately from the combustion furnaces to the heat
source of an apparatus such as a boiler or the like, so that
the apparatus can operate continuously over a long period of
time.

More specifically, if there are two sets of gasi-
fication and combustion furnaces aﬁailable, then a waste
material is thermally decomposed through dry distillation
and a generated combustible gas is burned in one of the two
sets of gasification and combustion furnaces, and the heat
of combustion of the combustible gas is imparted to the heat
source of an apparatus such as a boiler or the like. When
the dry distillation of the waste materidl in the gasifica-
tion furnace is finished, alwaste material starts being
thermally decomposed thréugh dry distillation and a gener-

ated combustible gas starts being burned in the other set of



More specifically, if there are two sets of gasi- fication and conbustion
furnaces available, then a waste material is thermally deconposed through
dry distillation and a generated conbustible gas is burned in one of the
fwo sets of gasification and conbustion_furnaces, and the heat of
conbustion of the conmbustible gas' is inparted to the heat source of an
appar at us sugds Bficaticn @andrconbasitiion. fuireacese @ng thetheéattobrean-t he
waste nmaterial in the gasifica- tion furnace is finished, a waste nateri al
starts bei ndpusteiom|of; the cenbustibtleoggs dsylmpgttedat@ohh%rim%t gener -
ated conbusti bl e as starts bei ng burned in the other set of
gaS|f|caI|cnP%HEF HQHQ€§§e§u°§néstﬁebﬁéﬁ?ro?rc5h$ %H@?1on of the
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a boiler or the like is operated using t
tus such as a boiler or the 11ke, resulting in an increased
period of time during which the apparatus can operate con-
tinuously. |
When the waste material is incinerated and the
apparatus such as a boilef or the like is operated using the
two sets of gasification and combustion furnaces, the other
next set of gasification and combustion furnaces should
preferably begin to operate with sﬁch timing that when the
combustion temperature (see the solid-line curve a, in FIG.
2) of the cOﬁbustible gas produced by the operation of the
first set of gasification and combustion furnaces starts
being lowered from-the predetermined temperature, the com-
bustion temperature of the combustible gas produced by the
operation of the next set of gasification and combustion
furnaces rises to the predetermined temperature as indicated
by the broken-line curve a, in FIG. 2. With such starting of
operation of the next or subsequent set of gasification and
combustion furnaces, thé temperature of the heat of combus-
tion imparted to the apparatus such as a boiler or the like

is kept at the predetermined temperature after the combus-



two sets of gasification and conbustion furnaces, the other next set of

gasi f.icati on and conbustion furnaces should preferably begin to operate
with such timng that when the conbustion tenperature (see the solid-Iline
curve [err] in FIG 2) of the conbustible gas produced by the operation of
the first set of gasification and conbufion furnaces starts being | owered
fromthe pretidoar tempdratuperaf uthe ¢dmbusitibl®ijasorin dinec combustdbdbnt he
combusti bl e gas produced by the operation of the next set of gasification
and conbust i §urhaceacfsthesprioy see has keaghad dhe prnederermingd tem-cat ed
by the broken-line curve [err] in FIG 2. Wth such starting of operation

of the next BPragB¥equakilsthe Fombustientempanaturainfsthe, combugsdblet he
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constant, sotjlatyt bBenaRAALRt H6 €RAL SLRE| ApheraARA can stably be oper-

ated efficiently over a prolonged period of time.

'If the time to operate the subsequent set of gasi-
fication and combustion furnaces is delayed from the above
timing, i.e., if the combustion temperature of the combusti-
ble gas in the combustion furnace of the subsequent set
reaches the predetermined temperature, as indicated by the
imaginary-line curve a, in FIG. 2, after the combustion tem-
perature of the combustible gas in the combustion furnace of
‘the prior set has dropped a certainllevel from the predeter-
mined temperature, then since the temperature of the heat of

| combustion imparted to the apparatus such as a boiler or the
like temporarily falls greatly, the apparatus tends to oper-
ate unstably. If, on the 6ther hand, the combustion tem-
perature of the combustible gas in the combuétion furnace of
the subsequent set reaches the predetermined temperature, as
indicated by the imaginary-line curve a, in FIG. 2, while the
combustion temperature of the combustible gas in the combus-
tion furnace of the prior set is being still maintained at

the predetermined temperature, i.e., if the periods in which



ated efficiently over a prolonged period of time. If the time to operate

t he subsequent set of gasi- fication and conbustion furnaces is del ayed
fromthe above timng, i.e., if the conbustion tenperature of the conbusti-
ble gas in the conbustion furnace of thg subsequent set reaches the
predeterm ned tenperature, as indicatedmgg the inmaginary-line curve [err]
in FIG 2, athercemeusbtionstemperatures qft hhe combustibdeugasblin the in the
conmbustion furnace of the prior set has dropped a certain |evel fromthe
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tenperature, i.e., if the periods in which 7 the c I on tenperatures
of the conbuapphrat@éspérn Mt ceitisid @xdddgivedy Qarigecinr tAe avdrlap-

subsequent sets are maintained at the predeterm ned ténperature overlap

each other, phag périodspewbthrthefrdsulthadiatotheoappairatasi fends to
operate unstably. In this case, the period of time in which
the required heat of combustion is continuously imparted to
the apparatus such as a boiler or the like is shorter than
if the gasification and combustidn furnaces of_thé suﬁse-
quent set start to operate with appropriate timiné as de-
scribed above.

~ The inventor'predicted that if the amount of a

waste material accommodated in the gasification furnace
(which corresponds to the capacity of the gasification fur-
nace) remains the same, then the period of time (hereinafter
referred t6 as a “temperature-constant time”) in which the
combustion temperature of the combustible gas is maintained
at the predetermined temperature is substantially constant,
and the period of time (hereinafter referred to as a
“temperature-rising time”) in which the combustion tempera-
ture of the combustible gas rises to the predetermined tem-
perature after the gasification and combustion furnaces have
started to operafe is also substantially constant, and esti-

mated and established a temperature-constant time and a tem-



parted to the apparatus such as a boiler or the like is maintained, but the
amount of thermal energy inparted to the apparatus per unit tine is
excessively large in the overlap- ping periods, with the result that the
apparatus tends to operate unstably. In éhis case, the period of tinme in
whi ch the required heat of conbustion is continuously inparted to the
appar at us su@eraturesgiilsdingtimecbased 08B therabkove presumptiomasiTieat i on
and conbustion furnaces of the subse- quent set start to operate with
appropri at e tinvenfars ajgo atteppiedbtoestant operaking peheligasifigatian the
anount of a waste material accommodated in the gasification furnace (which
corresponds tahd [gombustdon, fyrnages gl the subsequent {ek ) upaglapseof -
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substantially constant, and esti- mated and established a

t enper at ur e- aeRRiiRid thepredétariniéied teMperature. |

As a result of various research efforts, the in-

ventor has found out that while the temperature-rising time
is not largely affected by the manner in which the waste
material is stored in the gasification furnace, the tempera-
ture-constant time may not necessary remain constant even if
the amount of waste material stored in the gasification fur-
nace is.ihe same, and is likely to vary relatively greatly
depending on the manner in which the waste material is
stored in the gasification furnace. Therefore, even if the
gasification and coﬁbustion furnaces of the subsequent set
start operating based on the temperature-constant time and
Ithe temperature-rising time as described above, the gasifi-
cation and combustion furnaces may start operating too late
or too early with respect to the appropriate timing. Conse-
quently, it has been difficult to operate the gasification
and combustion furnaces of the subsequent set reliably with

suitable timing.

.SUMMARY OF THE INVENTION



perature-rising tine based on the above presunption. The inventor also
attenpted to start operating the gasification and conbustion furnaces of
the subsequent set upon el apse of atime that is calculated by subtracting
the tenperature- rising tine fromthe tgnperature-constant time which has
started fromthe tinme when the conbustidn tenperature of the conbustible
gas in the conbustion Itr#hactherefoxe mn wbjaat adadihed preseptedaventiond
tenperature. As a result of various research efforts, the in- ventor has
found out thE® DWPY%ﬂQFﬁam@#ﬁﬁﬂeﬁﬁnﬁﬁqmnﬁﬂig1P9nﬁaﬁsenm@t¢§i§&$ytbxﬁﬁghed by
the manner in which the waste nmaterial is stored in the gasification
furnace, the F%d%%ﬁ%ﬂl¥iﬁ¥PQxﬁﬂ9zﬂﬂs%ﬂ#ﬁ§ﬁﬁﬁF Ryt operatingyatcheast cbmat ant
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the tenperature-rising tine as above catron and
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mnth suitable timng. SUMWARY OF THE | NVE
nately, and the heat of combustion of combustion gases gen-
erated by the combustion furnaces is imparted continuously
to a heat source of the apparatus such as a boiler or the
like.

As a result of various résearch activities, the
inventor has made the following findings: When the opening
of a valve disposed in an oxygen supply passage connected to
a gasification furnace is controlled so aé to keep the com-
bustion temperature of a combustible gas in a combustion
furnace at a constant temperature, the amount of thé combus-
tible gas is reduced at an ending stage of drying distilla-
tion of a waste material in the gasification furnace, and
hence the opening of the valve is increased to increase the
amount of the combustible gas that is produced. In a stage
where the opening of the valve increases, the period of time
spent after the opening of the valve has increased to a pre-
determined opening until the combustion temperature of the
combustible gas in the'combustion furnace starts to drop is

substantially constant regardless of the manner in which the



9 It is therefore an object of the present invention to provide a nmethod of

I ncinerating waste materials through dry distillation and gasification by
gperating at |east two sets of gasification and combustion furnaces
reliably with appropriate timng for thereby operating an apparatus such as
a boiler or the like stably and efficieﬂ“\y over a long period of tinme when
t he gasifi cawasteamdterihlsisoatbredairnsthd gadwifiicdtdam flumpacet.s are
operat ed successively or alter- nately, and the heat of conbustion of
conbusti on gTberefome,cdint 8t bptenwaloimuwhichh the epening ofrhe ¥alve
continuously to a heat source of the apparatus such as a boiler or the
like. As a r84gpesedl jar tBasOREgen  SWPRLY iRAsage qannectedh o thes IRsds t he
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where the opening of t ve increases, the period of time spent after
the openi ng Qopititidn ¢utAdcenNst82E80té0dPop ' Gorresponds to the opening

of the valve at the certain time. Consequently, in the case
where two sets or combinations of gasification and combus-
tion furnaces are successively to be operated,'if the gasi-
fication and combustion furnaces of the subsequent set start
to operaﬁe depending on the opening of the valve in the oxy-
gen supply passage_connected to the gasification furnace of
the prior set, and also if the opening of the valve which
starts to operate the gasification and combustion furnaces
of the subsequent set is set to an appropriate opening, then
it is possible to substantially equalize the period of time
after gasification and combustion furnaces of the subsequent
set have started to operate until the combustion temperaturé
of the combustible gas in the combustion furnace of the
prior set starts to drop to the period of time required un-
til the combustion temperature of the combustible gas in the
combustion furnace of the subsequent set rises to a prede-
termined temperature.

To achieve the above object, there is provided in

accordance with the present invention a method of incinerat-



determ ned opening until the conmbustion tenperature of the conbustible gas
I n the conbustion furnace starts to drop is substantially constant
regardl ess of the nmanner in which the 10 waste material is stored in the
gasification furnace. Therefore, in an interval in which the opening of the
val ve di sposed in the oxygen supply pas%%ge connected to the gasi- fication
furnace is liaga iwadste mtdriglsthgeugh dryi dijstiklaticon candgadifioa-wast e
material in the gasification furnace, the period of tine after a certain
tinme in the tiony omprising thee stepsuefi ¢a)t theomally cdegonpasingitaust i bl e
gas in the conbustion furnace starts to drop corresponds to the opening of
the val ve atwaske dwatesinl steredoddcaufarsy, Japlifieatior HHAIACe wo sets or
conbi nations of g Si#yc%i[jj on.and ,conmbus- tion furpaces are sucgessively to
Si%

be oper at ed, th¥oy stiiddatdAna (bl o ABHEPHRALIRY & Bitie gas
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| be heated, (c) controlling the opening of a valve disposed
in an oxygen supply passage connected to the first gasifica—
tion furnace to supply an amount of oxygen required to ther-
mally decompose the waste material in the first gasification
furnace through dry distillation in order to keep the com-
bustion temperature of the combustible gas in the first com-
bustion furnace at a substantially constant combustion tem-
perature upon the dry distillation of the waste material in
the first gasification furnace, (d) starting to thermally
decompose a waste materiallstored in a second gasification
furnace through dry distillation when the opening of the
valve disposed in the oxygen supply passage connected to the
first gasification furnace increases and becomes greater
than a predetermined opening at an ending stage of the dry
distillation of the waste material in the first gasification
furnace, (e) introducing a combustible gas produced in the
second gasification furnace by the dry distillation into a

second combustion furnace, combusting the combustible gas in

the second combustion furnace, and imparting the heat of



of the conbustible gas in the combustion furnace of the prior set starts to
drop.to the period of tinme required un- til the conbustion tenperature of
the conbustible gas in the conmbustion furnace of the subsequent set rises
to a prede- term ned tenperature. To achi eve the above object, there is
provided in accordance with the presentt? nvention a nethod of incinerat-
ing a wast e conabtistdont ootthle Hegtdssurdé adf orhensb st fic e tHedted,
conprising the steps of (a) thermally deconposing a waste naterial stored
in a first gasl f(ifgacomtroliliagethar opghingyofli atvales idigpgsaed iim maduci ng a
conbustible gas produced in the first gasification furnace by the dry dis-
tillation i PXYgeN supplyopassagenconnaated tobhetsegpndgasbieatiione gas
in the first conbustion furnace, and inpart- ing the heat of conbustion to
a heat sour dAIFRCE tEhSEPPLYo 2Bc aMEURE (OL (@FYESR t FRAUIrRA (1R tharmaddYof a

val ve di sposed in an oxygen suppl assage connected.to the first sifica-
{ion fur nacdaGSMRGRS Fih wATEEnRabeELa] oOR F0%95eond SasiEicafiqn, Fur-
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temperature upon the dry distillation of the waste material

in the second gasification furnace.

Each of the steps (a) and (d) comprises the steps
‘'of igniting and burning a portion of the waste material; and
thermally decomposing the remainder of the waste material
with the heat of combustion of the portion of the waste ma-
terial. ~

Each of the steps (c¢) and (f) comprises the steps
of reducing the opening of the valve when the combustion
temperature of the combustible gaé in the combustion furnace
is higher than a given temperature preset as the substan-
tially constant combustién temperature, and increasing the
opening of the valve when the combustion temperature of the
combustible gas in the combustion furnace is lower than the
given temperature. |

Each-of the steps (b) and (e) comprises the step
of mixing the combustible gas introduced from the gasifica-
tion furnace into the combustion furnace with oxygen re-

quired to combust the combustible gas to combust the combus-



deconpose a waste material stored in a second gasification furnace through
dry distillation when the opening of the valve disposed in the oxygen
supply passage connected to the first gasification furnace increases and
becones greater than a predetermi ned opening at an ending stage of the dry
distillation of the waste material in tBd first gasification furnace, (e)

i ntroduci ng tibbebgasi bhethascommsicioh ifurtacesecond gasi fication furnace
by the dry distillation into a second conbustion furnace, conbusting the
conbusti bl e gas in t heThecopeningbaftthe valveichisposed hparthengxyigenheat of
12 conbustion to_the heat source of the object to be heated, and (f)
control | i ng SAPPdPcpasgage conngcked|itmpdhel firsin, gamifdnatippl fupnacage
connected to the second gasification furnace _to supply an amount of oxygen

requi red to fheFhel timgRbptarting b dhermaldy; decompose sBeowaste

ificati fur-, th h disti]Jlati,on in.,order to keep the
o (1 onmabREAAL Srored B he drdand, idasidd ot i0n, FEEEaRR. EBRPUSNS! | on

(yrnace o ot BEy B EELbELN, PTG N TS e R RABA R ERAATE “e
O b ReFhoRr (Glag UPaheSitidl e RpalinPe A SREviLaRbte
‘the waste mMa§fir Ak oxygen supply passage connected to the first gasifi-
cation furnace has increased to the predetermined opening
until the combustion temperature of the combustible gas in
the first combustion furnace starts to drop from the sub-
stantially-constant combustion temperature is substantially
equal td a period of time spent after the dry distillation
of the waste material stored in the second gasification fur-
nace has been started until the combustion temperature of
the combustible gas in the second combustion furnace in-
creases to the substantially constanf combustion tempera-
ture.

With the arrangement of the present invention,
when. the opening of the valve disposed in the oxygen supply
passage connected to the first gasification furnace in-
creases and is greater than the predetermined opening at the
ending stage of the dry distillation of the waste material
in the first gasification furnace, the dry distillation of
the waste material stored in the second gasification furnace
is started. By setting the predetermined opening for the

valve to an appropriate value, it is possible to substan-



with the heat of conbustion of the portion of the waste ma- terial. Each of
the steps (c) and (f) conprises the steps of reducing the opening of the
val ve when the conbustion tenperature of the conbustible gas in the
conmbustion furnace is higher than a giv tenperature preset as the
substan- tially constant conbustion teng rature, and increasing the opening
of the val vetidEly téegmakide) sthe iperdade oft timeoSpeht afhbnsthéldryadis+ t he
conmbustion furnace is |ower than the given tenperature. Each of the steps
(b) and (e) Ebkrtien ofdhe afpsie matexdalhdncbhgusecond gasificabipred
fromthe gasifica- tion furnace intQ the conbustion furnace with oxggen re-

quired to coHbERICe H@%cﬁﬁﬂk’-’ﬁ%l‘@%% combustipRctepmperature af Hg) ¢
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furnace has {@eé egf ckhd TdnbustitAY ¥a¥ Had +tABC8EB8nd combustion furnace
increases to the substantially constant combustion tempera-
ture, regardless of the manner in which the waste materials
‘are stored in the first and second gasification furnaces.
With the predetermined opening for the valve being thus set
to an appropriate value, the heat of combustion at a sub-
stantially constant temperature can be imparted continuously
from the first and second combustion furnaces to the heat
source of the object to be heated, such as a boiler, and the
quantity of heat imparted per unit time can be uniformized
continuously upon a shift from the combustion of the combus-
tible gas in the first combustion furnace to the combustion
of the combustible gas in the second combustion furnace.
Therefbre, the sets of the gasification and combustion fur-
naces can be operated successively or alternately to impart
the heat of combustion at a substantially constant tempera-
ture continuously to_the heat source of the object'to be
heated over a long period of time, with the result that an
apparatus such as a boiler 6r the like which is tp be heated
can be operated stably and efficiently over a long period of

time.



until -the conbustion tenperature of the conbustible gas in the first
combustion furnace starts to drop fromthe sub- stantially constant
combustion tenperature is substantially equal to a period of time spent
after the dry distillation of the waste material stored in the second
gasification fur- nace has been started-until the conbustlon t enperature of
the conbusti bl e gas i nFur¥hescandordihasto otheé present ninvarntaors, tapdnhe
substantially constant conbustion tenpera- ture. Wth the arrangenent of
the present ¥H9eﬁﬂ’ ofisththatien REhe Wﬁsffi% éllé\mr\l];eld iiopsbed serontle oxyggn
suppl assa nnected o the first gasification_furnace in- creases an
ispgrga?er taﬁﬁl ﬁEaBFQHe%%FH@ﬁ%d YREHW@ﬁfQﬂWﬂﬁ%?N@ﬂdﬁﬁ@egt&getbﬂ Ehsstry
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stored in the first gasification furnace starts being ther-
mally decomposed through dry distillation when the.opening
of the valve disposed in the oxygen supply passage connected
to the second gasification furnace increases and becomes
greater than a predetermined opening. Thereafter, the dry
distillation of the waste materials in the first énd second
gasificatién-furnaces is alternately repeated. When the set
of the first gasification and combustion.furnaces and the
set of the second gasification and combustion furnaces are
alternately operated repeatedly with the aforesaid timing,
the period of time during which the~apparatus sﬁch as a
boiler or the like continuously operates stably and effi-
ciently can be greatly increased, and a large amount of
waste material can be incinerated using the two sets of
- gasification and combustion furnaces.
Moreover, when the opening of the valve disposed
in the oxygen supply passage connected to one of the first
and second gasificaﬁion furnaces in which the waste material
is thermally decomposed through dry distillation is greater

than the predetermined opening continuously for a predeter-



to the period of tinme required until the conbustion tenpera- ture of the
conbusti ble gas in the second conbustion furnace increases to the
Substantially constant combustion tenpera- ture, regardl ess of the manner
in which the waste materials are stored_,in the first and second
gasification furnaces. Wth the predete}ﬁ1ned opening for the valve belng

t hus set to minesbpeampioditaf timeg, thecwhehe vatevidlisstoreditim theéh-other

stantially constant tenperature can be |nparted continuously fromthe first
and second cfhithe ifirstuanst second: gasificationcEurhaces %‘Eﬁl@?ﬂ heing

heat ed, such as a hoiler, and the uantlty of .heat_inparted unit tine
can be uni fcﬁ'qﬁ%]d'orﬂqw Rughsdry: disbidlakionny W%fmac%

conbus- tible gas in t| i rst_cqQnbus fur ace to the nmbusti on of the
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efficiently over a long period of tine urther according to the
present invef\irfdces'Phe gasification and combustion furnaces of the
subsequent set do not start to operate, but start to operate
reliably with the foregoing timing.

The above and other objects, features, and advan-
tages of the present invention will become apparent from
the following description when taken in conjunction with
the accompanying drawings which illustrate a preferred em-
bodiment of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an incinerating
apparatus for carrying out a method of incinerating a waste
material through dry distillation and gasification according
to the present invention;

FIG. 2 is a diagram illustrative of the manner in
which the incinerating apparatus shown in FIG. 1 operates;
and

FIG. 3 is a diagram illustrative of the manner in
which the incinerating épparatus shown in FIG. 1 operates.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



the dry distillation of the waste material in the second gasification
furnace, the waste material ashed in the first gasification furnace is
renmoved and then a waste material is newly stored in the first gasification
furnace. At an end- ing stage of the dry distillation of the waste
material in the second gasification furhbce, the waste materi al new y
stored in the first gaiafinainexrafingappayaiuss fori cgrrging outl| §
deconposed through dry distillation when the. opening of the valve disposed
in the oxygeretthgshlof pinsingratdnge &t waste materiabnthreuwghidny idistiknace

I ncreases and becones_greater than a predeterm ned opening. Thereafter, the
dry distill 3P rand gagdicakdon, ageerdingqtor thet PEegeRe chgention

gach 1 on [ gt o s AL eraatel vatepeated Mep, pegel, olpbbe gt
and conbust fon 1 ur naceg, opfo L6 e, 4 ORRLYSHLIERRERARY! ol behbonag
boi I er or the aééi(}e &Pg&déil‘ﬁlb%!t&o‘hp%ﬁx?h‘.i?eﬁt gbl y %Qoﬂn%étfﬁf%ééﬁ:&a“ be
greatly increased, and a l'arge anount of wasf{e nmaferial can e 1 nclnerated

using the twhhEstfaly MaRidd & WastendiraBbes! LAB 1yk&oERSrelR) SalYEra WheN
t he openi ng of the valve disposed in the oxygen supply passage connected to

one of the fﬁfwaﬁ S SRR I Furngeels0 3, f 4 Bafifected 'WheshedEEvaBy o
material is thermally deconposed through dry distillation is greater than
t he predet erehe egasipfivatgior furnaces! 1 ,f 2. aTheegasification furnaces
1, 2 are identical in structure to each other, and the com-
bustion furnaces 3, 4 are identical in structure to each
other.

The gasification furnaces 1, 2 have respective
charge inlets 6 defined in upper walls thereof and openable
and closable by respective hinged doors 5. The waste mate-
rials A can be charged into the gasification furnaces 1, 2
through the charge inlets 6 as they are opened by the re-
spective doors 5. When the'chargé inlets 6 are closed by
the respective doors 5, the interior spaces of the gasifica-
tion furnaces 1, 2 are virtually isolated from the ambient
space.

| The gasification furnaces 1, 2 have respective
downwardly projecting frustoconical lower walls baving re-

' spective empty chambers 7 defined in their outer surfaces
and isolated from the interior spaces of the gasification

furnaces 1, 2. The empty chambers 7 are held in communi-

cation with the interior spaces of the gasification furnaces



16 ni ned period of time, the waste material stored in the other of the

first and second gasification furnaces starts being thermally deconposed

A hrough dry distillation. In this man- ner, even if the opening of the

e

val ve tenporarily exceeds the predeter 'Qed opening prior to the ending
stage of the dry distillation for sone ason, such as a particular state
in which thel medtthrough iaalplunad idyorédain suppiysnozzles oh definetksint he
gasi fication and conbustion furnaces of the subseqguent set do not start to
operat e, butleWer (innenaldise ofethgbpasifinatiens frerreed i Mng. The above
and ot her objects, features, and advan- tages of the present invention wll
becone apparent from tHeMdbR | QRNIRP FRRLYLPLPE (REYILRK ERPPLY cBAPBRYE) on

the prosent § A LA PR oRh, Pupbl BEERCLBRE CRnected Yman s
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(air supply source) 11 comprising a fan or the like through
a common gasification furnace oxygen supply pipe 12. The
main oxygen supply pipes 9 have respective control valves
13, and the auxiliary oxygen supply pipes 10 have respective
solenoid-operated shutoff valves.14. The opening of the
control valves 13 can be controlled by respective valve ac-
tuators 16 which are controlled by respective valve control-
lers 15'each comprising an electronic circuit including a
CPU, etc. The solenoid-operated shufoff valves 14 can be
- opened and closed by respective valve actuators 18 which are
controlled by respective valve controllers 17.
The valve controllers 15 for the main.oxygen sup-
ply pipes 9 detect the opehing of the control valves 13
based on the extent to which the valve actuators 16 are- op-
erated. The valve controller 15 associated with the gasifi-
cation furnace 1 outputs a start command signal to the valve
controller 15 and a gasification furnace igniter 19
(described later on) which are associated with the gasifiea-
tion furnace 2, depending on the detected opening of the

control valve 13. Similarly, the valve controller 15 asso-



whi ch the incinerating apparatus shown in FIG 1 operates. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 17 An incinerating apparatus for
carrying out a method of incinerating a waste material through dry distil-

| ation and gasification according to thf present invention will be
described bel ow with reference to FI GS. 11 t hrough 3. As shown in FIG 1,

t he i nci ner aciatedppithtthe lgasifinaticy fpxsacec 2t pvhpaysnacetart com-
acconmodating waste materials A such as waste tires or the |ike therein,
and a pair oRaR@nBigrabrte fhec@lve condgipldercddr aBgedt g38ification
gasification_furnaces 1, 2. The gasif,jcation furnace -2 are ideptical in

1
structure t ofRERRCYFFRLtex (19 Hdesaribad daser: erl ¥, écg,aﬁeaﬁﬁs?ﬁéﬂF?@al
[ h ot her. Th i ficati f 1 h ti
char ge. | nl ot $1E0GERT Bt RioAta Himatd dre SePRRA B AL PSSR L eF 801 o by
respective hbﬁgﬁgngogfstéa %%%%ﬁg%hl%t §3.01 als A can be charged into the

gasi fication furnaces 1, e charge inlets 6 as they are opened

by the re- spective doghg;ipicfiedn! Brs: Al 19 3icH eofbrikel he

respective doors 5, the interior spaces of the gasifica- tion rnaces 1, 2
are virtual | ygh$eichePufhers (& I ¥ike FHIC9gniting the waste materi-

als A stored in the gasification furnaces 1, 2 are mounted
on lower side walls of the respective gasification furnaces
1, 2. The igniters 19 are connected through fuel supply
pipes 21 to a fuel supply 20 of combustion assistant oil or
the like. The igniters 19 burn the fuel supplied from the
fuel supply 20 through the fuel supply pipes 21 to generate
combustion flames directed into the gasification furnaces 1,
2. The igniters 19 have respective ignition controllers 19a
for cohtrolling the igniting operation of the igniters 19.
The ignition controllers 19a are supplied with start command
'signals from the respectiﬁe valve controllers 15.

The gasification furnaces 1, 2 have respective
water jackets 22 defined in their surrounding walls for
cooling the gasification furnaces 1, 2. The water jackets
22 are isolated from the interior spaces of the gasification
furnaces 1, 2. Water level sensors 23 for detecting water
levels in the respective water jackets 22 are mounted on the
upper walls of the gasificaiion furnaces 1, 2. The water
jackets 22 are connected to a water supply device 24 through

water supply pipes 25 which have respective shutoff valves



The gasification furnaces 1, 2 have respective downwardly projecting
frustoconical |ower walls having re- spective enpty chanbers 7 defined in
their outer surfaces and isolated fromthe interior spaces of the
gasification furnaces 1, 2. The enpty chanbers 7 are held in communi -
cation with the interior spaces of the ﬁﬂsification furnaces 18 1, 2
through a pl26 cdssocidted rwitipihe respeetiVedghsifdcationveurnacres Lpal | s of
the gasification furnaces 1, 2. A nain oxygen supply pipe (oxygen supply
passage) 9 add drhewshutcff vadmesn 26upphny bpi ppehedaand cohosed doly txe+ he
enpty chanmber 7 of each of the gasification furnaces 1, 2. The main oxygen
suppl y pi pesspeckive ealvsiagtuatarsy @8n thagpryepreatrobled by oreRPe@d to an
oxygen supply, source (air supply source) 11 conprising a fan or the like
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val ve actuatg{f dife WY a1f the water jackets 22 reach respective pre-
determined levels.

Temperature sensors 29 for detecting a temperature
T, in the gasification furnaces 1, 2 are mounted on upper
portions of the surrounding walls of the respective gasifi-
cation furnaces 1, 2. Detected signals from.the temperature
sensors 29 are supplied to the valve controllers 17 associ-
ated with the respective gasificétion furnaces 1, 2.

Each of the combustion furnaces 3, 4 comprises a
burner section 30 for mixing a combustible gas produced upon
dry distillation of the waste material A and oxygen (air)
needed for complete combustion of the combustible gas, and a
combusting sectibn 31 for combusting the combustible gas
which is mixed with oxygen. The combusting section 31 is
held in communication with the burner section 30 at its dis-
tal end. The combusting sections 31 of the respective com-
-bustion furnaces 3, 4 are connected to a heat source X of a
boiler B which is a common object to be heated by the com-
bustion furnaces 3, 4.

Gas pipes 33 extending from respective joints 34



controlled by respective valve controllers 17. The valve controllers 15 for
t he ytai n oxygen sup- ply pipes 9 detect the opening of the control valves
A3 based on the extent to which the valve actuators 16 are op- erated. The
val ve controller 15 associated with thﬁg?asifi- cation furnace 1 outputs a
start command signal to the val ve cont | er 15 and a gasification furnace
igniter 19 mountedbdn upper portibwnshofirchessigtounsting mialilise ofathei ca-
tion furnace 2, depending on the detected opening of the control valve 13.
Simlarly, Fespegtivecgasification ferxraces Lo Ziandkdedid Hn wonguaicacati on
furnace 2 outputs a start com ,mand signal to the valve contraller 15 and a
gasi fi cati oftiom WAt8 thei iBECXIOY (3RS R | Lhe (TefPeChivien 9asd fAS8%4 PRt ed

ith th j ficati fyr! 1, d di t he, det d ing of th
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b he |ike for igniti h t |- al t din.,th
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il or the lik&naTlRsiiehessn] fubtibbod e, 2%ls Stitddiibdd UhrdiH He

supply 20 through the fuel supply pipes 21 to generate
gas pipes 33 into the burner sections 30 of the combustion

furnaces 3, 4.

In each of the combustion furnaces 3, 4, the
burner section 30 has an empty chamber 34 defined in an
outer surface thereof and isolated from the interior space
of the burner section 30. The empty chamber 34 is held in
communication with the interior space of the burner section
30 through a plurality of nozzle holes 35 defined in an in-
ner circumferential wall of the burner section 30. A pair
of oxygen supply pipes 36, 37 is connected to thé empty
chamber 34 and also connected to the oxygen supply source 11
through a combustion furnaée oxygen supply pipe 38 branched
from the common gasification furnace oxygen supply pipe 12.
The oxygen supply pipe 36 has a control valve 41 whose open-
'ing can be controlled by a valve actuator 40 which is con-
trolled by a valve controller 39. The oxygen supply pipe 37
has a shutoff valve 42 whose opening can manually be con-
trolled.

In each of the combustion furnaces 3, 4, a combus-

tion furnace igniter 43 for igniting the combustible gas



conbustion flanmes directed into the gasification furnaces 1, 2. The

I gnitters 19 have respective ignition controllers 19a for controlling the
Lgniting operation of the igniters 19. The ignition controllers 19a are
supplied with start command signals fromthe respective valve controllers
15. The gasification furnaces 1, 2 have?ﬂbspective wat er jackets 22 defined
in their suriotoddugedaihtofthe comtnery sdvetignsid0 dal moantednancehé, réar The
water jackets 22 are isolated fromthe interior spaces of the gasification
furnaces 1, endyafethechurnerngsection Jbr @heccombiystdipar fuermake ig-t he
respective water jackets 22 are npunted on the upper walls of the

gasi fi cati onPitiPRadds Which qompriges %Quﬂ&ﬂl&lgakémﬁnﬁﬁnnﬁctbe i?ka aat er
supply device,24 through, water, supply pipes 25 ich have respective
shEFo?f val v¥ith the Q%sh£§9%F%ﬁ¥méﬁgh4FqE%SQN§§Hééthéng9FF§§§9ﬂon
furnaces 1, The, shut of f. val ves can .be ned and ose y re-
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controllers %Zo
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| evel s. the burner section 30. The combustion furnace igniter 43
has an ignition controller 43a for controlling the igniting
operation of the combustion furnace igniter 43.

Temperature sensors 45 for detecting a combustion
temperature T, of a combustible gas are mounted on the re-
spective combusting sections 31 of the combustion furnaces
3, 4. Detected signéls from the temperaﬁure sensors 45 are
supplied to the respective valve controllers 39 and the re-
spective ignition controllers 43a of the associated combus-
tion furnaces 3, 4, and also to the valve controllers 15, 17
of the gasification furnaces 1, 2 that are associated with
the combustion furnaces 3, 4, respectively.

Operation of the incinerating apparatus of the
above structure will be described below.

First, a waste maﬁerial A in the gasification fur-
-nace 1 is incinerated by £he combination of the gasification
and combustion furnaces 1, 3.

After the waste material A has been accommodated
in the gasification furnace 1 and the door 5 thereof has

been closed, the gasification furnace igniter 19 of the



Tenperature sensors 29 for detecting a tenperature [err] in the _
gasi fication furnaces 1, 2 are nmounted on upper portions of the surrounding
wal I's of the respective gasifi- cation furnaces 1, 2. Detected signals from
the tenperature sensors 29 are supplied_to the valve controllers 17 associ -
ated with the respective gasification f @3naces 1, 2. Each of the conbustion
furnaces 3, gasdfpcationafuunace teisioperttddy ignditimga ac Aoiwest lhlyergas
produced upon dry distillation of the waste material A and oxygen (air)
needed for c@ﬁpﬁéﬁewéﬁﬁBUQ@FGHIQl A haltigh naw [Htaniss toabe huroeduparag
section 31 for conmbusting the conbustible gas which is mxed wth oxygen.
The conbusti i”r@‘aii&'i oﬁhgg Fhewagte b datlitbPhe gasdfdcpgdesr fuset i on

: - : . ¢ th ti
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' ' , . b Jbust,i f es 3, 4. Gas
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1, 2 and held in comunica- tion w e I nterror ‘spaces pective

Burner secti ong 3o nEtat b o AR Yl a7 Shen e grRiritaRich! Ve
furnace 1 has been supplied with water from the_water supply
device 24 through the water supply pipe 25, and the igniter
43 of the combustion furnace 3 has been operated. The inte-
rior space of the gasification furnace 1 has been evaguated
through the combustion furnace 3 by a suction fan (not
shown) on the boiler B for introducing a generated combusti-
ble gas into the combustion furnace 3.

When the waste material A is ignited, the sole-
noid-operated shutoff valves 14 which is associated with the
'gasificatién furnace 1 and the control valve 41 and the
shutoff valve 42 which are associated with the combustion
furnace 3 are closed.

For ignition of the waste material A, the control
valve 13 associated with the gasification furnace 1 is
opened to a relatively small degree as shown in FIG. 3 by
the valve actuator 16 controlled by the valve controller 15,
thereby supplying a relatively small amount of oxygen (air)
from the oxygen supply source 11 through the gasification

| furnace oxygen supply pipe 12 and the main oxygen supply

pipe 9 into the gasification furnace 1. Therefore, the



waste material Ais thermal |y deconposed by dry distillation in the
gasification furnaces 1, 2 is introduced through the gas pipes 33 into the
Jburner sections 30 of the conbustion furnaces 3, 4. In each of the
conmbustion furnaces 3, 4, the burner sgggion 30 has an enpty chanber 34
defined in an outer surface thereof and |solated fromthe interior space of
the burner ¥@stieomateripdeAcipt phengapificatian Hignage dodfdignditesh by t h
the interior space of the burner section 30 through a plurality of nozzle
hol es 35 defihfedanitexr i19. apd; thep skt peing RATER1LLN Pusnead ons &6 on
30. A pair of oxyg upply pipes 36, 37.is connecied to the enpt hamber
34 and al so AR H0RY Hash begRy BERSERE iy LR a5 SELGAAAM FF TSRy dst | on
furnace oxyge I Lp 8 brapched fro . sification furnace
oxygon suppbis phal Smdns A2 HERebh b ELSE TR A3R osivion’ fuery
whose open- JiR0 JeRiFRe 190 d I 4 | [ n-
troll ed by glsgl_ve S%ntlﬁoie?lgrghég. tiﬂﬁeﬁgi{@geéﬁyi%ﬁﬁ%yp}% ?z}s a shutoff
val ve 42 Whos@uRe BN nnﬁﬂﬁghiédb_fréﬁnthé r&kygéh d stirddal
conmbustion furnaces 3, 4 a conbus- tion furnace Tgniter 43 for igniting
the conbust idd amgagasifidatibhogduendcenl ois hEimike® by atie @onttols nount ed

on the rear _
valve 13 to a small quantity just enough to ignite and par-
tially burn the waste material A.

When the lower layer of the waste material A in
the gasification furnace 1 étarts being partially burned,
the heat of combustion which is generated begins to ther-
mally decompose an upper layer of the waste-matérial A
through dry distillation, generating a combustible gas from
the thermally decomposed waste material A. The combustible
gas generated in the gasification furnace 1 is introduced
through the gas pipe 33 connected to the gasification fur-
nace 1 into.the burner section 30 of the combustion.furnace'
3. The combustible gas introduced into the burner section
30 is mixed with the air (oxygen) which exists in the com-
bustion furnace 3, and is ignited by the combustion furnace
igniter 43 and starts to be combusted in the combusting sec-
tion 31 of the combustion furnace 3. The heat of combustion
of the combustible gas in the combusting section 31 is im~
parted to the heat source x.of the boiler B, starting to

operate the boiler B.

The partial burning of the waste material A in the



‘end of the burner'sectioh 30. The conbustion furnace 1 g- niter 43, which

conprises an ignition burner or the like as with the gasification furnace

dgniter 19, is connected through a supply pipe 44 to the fuel supply 20.

The conbus- tion furnace igniter 43 buyygis the fuel supplied fromthe fuel
supply 20 to generate conbustion flanes directed into the burner section
30. The congasfifhcationafernace tkris!Jrednadly guabiddzednwhdleecord8amfor
controlling the igniting operation of the conbustion furnace igniter 43.
Tenper at ur eipgntbessmall camoente of eEygaery heind cuppdigdr fromethie okya
conbusti bl e gas are_nounted on the re- spective _conbusting sections 31 of

t he conbust BER BUPRi¥eSoBree 1bhetand dihesipprdiialilyobugmed: ERPAPRt dBe sensors
45 are supplied to_the respective valve controllers 39 and the re-_spective
gni ti on COBFAGRALIY SBESRE {Rcthe SMeR dRYEF Il the YASEe, HAEETial B, and
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heat of combustion of the lower layer is gradually acti-
vated, increasing the amount of a combustible gas generated
by the thermally decomposed waste material A. The amount of
a combustible gas that is introduced from the gasification
furnace 1 into the combustion furnace 3 also increases, so
that, as shown in FIG. 2, the combustion temperature T, in
the combustion furnace 3 rises as indicated by the solid-
line curve a,. |

As the combustion temperature T, of the combustible
gas in the combustion furnace 3 increases, the combustion
temperature T, is detected by the temperature sensor 45 of
the éombustion furnace 3. When the detected combustion tem-~
perature T, reaches a preset combustion temperature T, (see
FIG. 2) at a time t,, the valve controller 15 associated with
the gasification furnace 1 controls the valve actuator 16 to
open the control valve 13 to an opening which is slightly
gfeater than the initial opening for a given period of time,
and, after elapse of the given period of time, to a yet

greater opening.



23 gasification furnace 1 is operated, igniting a |ower |ayer of the waste:
mat er-ial A, which now starts to be burned par- tially. Wen the waste
material Ain the gasification fur- nace 1 starts being burned partially,
the operation.of the gasification furnace igniter 19 is stopped. Prior to
the ignition of the lower layer of the W¥ste nmaterial A the water jacket
.22 of the gasificationwhenate bpeaingees theptostral tvalvas €13 fisratdee

wat er supply device 24 through the water supply pipe 25, and the igniter 43
of the conbudnicreabednstep@ibas; bhenampentatefl oxfigen suppliedr fxpacehel t he
gasification furnace 1 has been evacuated through the conbustion furnace 3
by a sucti onoxkygennsupphynapuveet bt toithe dgagidticattiond furmgce dedsr at ed
conbusti- ble gas into the conbustjon furnace 3. Wien the waste material A
is ignited, fdReregsed gseRvaBerwhile shring rlimitad to a\quantisy, 8e6epat ed
with the gasificatio val ve and .t he shuLoEf

fur, dth |
val ve 42 i EAS toopastiaily RRER Eﬁ%i@qﬁ%ﬁﬁf af ﬁi&@sgﬁemat&&ﬁ For
Gasi 11 ont  on’ GREIaupURLT, , Srnaretife  oftid natiad de (s 1ehsdale | 0
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gradually stabilized while consuming most of the oxygen sup-

plied from the oxygen supply source 11, and the region in
which the lower layer of the waste material A is burned is
gradually spread at a rate made possible by the consumption
~of the supplied oxygen, but not higher than necessary. The
dry distillation of the upper iayer of the waste material A
is stably in progress.

The combustion temperature T, of the combustible
gas which is detected by the temperature sensor 45 of the
combustion furnace 3 further increases. When the detected
combustion temperature T, reaches a combustion temperature T,
(see FIG. 2) which is slightly lower than a preset substan-
tially constant combustion temperature T, at which the com-
bustible gas undergoes spontaneous éombustion and nitrogen
oxides produced by the spontaneous combustion are of a small
quantity (T, < T, < T, ) at a time t,, the valve controller
15 associated with the gasification furnace 1 actuates the
valve actuator 16 to control the opening of the control
valve 13 under automatic feedback control in order to keep

the combustion temperature T, of the combustible gas which is



fromthe oxygen supply source 11 through the gasification furnace oxygen
supply pipe 12 and the nmain oxygen supply pipe 9 into the gasification
furnace 1. Therefore, the 24 waste material Ain the gasification
furnace 1 is ignited by the igniter 19 and then starts being partially
burned on the oxygen that has been present in the gasification furnace 1
and t he snaldetmuabed by tiheydemperppluiredsénsort4® ofyien combugtiionsdnmwe 11
t hrough the main oxygen supply pipe 9. The anmount of oxygen supplied from

t he oxygen 9aad 3 &dutde preset: gombusticnatemperapueR dll-is linited by the
control valve 13 to a smal]_gquantity just enough to ignite,and par- tially
burn the waste nateri &3PECLIEARAL e J-IEO\E@P dgferted cAEPYALIRN ERBPEEA~ A in
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exists in thgddl8rating the burning of the lower layer of the waste
material A and promoting the dry distillation of the upper
layer of the waste material A with the héat'of combustion
and also the generation of a combustible gas due to the dry
distillation. |
Conversely, if the detected combustion temperature
T, becomes higher than the combustion temperature T,, then
the opening of the control valve 13 associated with the
gasification furnace 1 is rgduced to reduce the amount of
oxygen supplied to the gasificatibn furnace llfo: thereby
suppressing the burning of the lower layer of the waste ma-
terial A and suppressing the dry distillation of the upper
layer of the waste material A with the heat of combustion
and also the generation of a combustible gas due to the dry
distillation.
. The automatic feedback control of the opening of
the control valve 13 associated withhthe gasification fur-
nace 1 keeps the combustion temperature 1; of the combustible

gas in the combustion furnace 3 at the substantially con-

stant combustion temperature T,, as indicated by the solid-



- bustion furnace 3, and is ignited by the conmbustion furnace igniter 43 and
starts to be conbusted in the conbusting sec- tion 31 of the conbustion
furnace 3. The heat of conbustion of the conbustible gas in the conbusting
section 31 is im parted to the heat source X of the boiler B. starting to
operate the boiler B. The partial burni Q of the waste material A in the
25 gasi fi cat Lénef gunvweea,l irs RJiGad2al | Fhet bbrhingdofinthe bowexriayex) afe
smal | anount of oxygen being supplied fromthe oxy- gen supply source 11,
and the part thel yagteneatesiabr j andrthe sy digtdddationhof| sher uppesr of
the waste material A at a rate that js nmade possible by the supply of
oxygen from LA¥EEx9§eckhe ¥asle Makerial A are powstabdy an Pﬁ@gfgﬁﬁr | ayer
of the waste_mgterjal A is.stabilized, the dry distil- lation of the upper
| ayer of theuaggfekﬁﬁ?e??gﬁl%&ﬁpto the heat of combustion of the |ower

doner at ad by the 1 hor mike, BREla B2CERRL Chede S ull i iR 1R", 0%
gener at e y e er mall ert A _
combusti bl e 93dn' B2 thd ALEQMEELIAP'R I 1R ddsiicaR bl BaEGalel 1O Lhe
combustion furnace 3 also 1 ncreases, So that, as shown in Kl , theé
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combustible gas in the combustion furnace 3 increases up to
the combustion temperature T, is substantially constant, not
depending on the amount of the waste material A in the gasi-
fication furnace 1 and the manner in which the waste mate-
rial A is stored in the gasification furnace 1. This holds
true with respect to the combination of the gasification and
combustion furnaces 2, 4 described later on.

When the combustion temperature T, of the combusti-
ble gas in the combustion furnace 3 is maintained at the
substantially constant combustion temperature T, , the ig-
niter 43 of the combustion furnace 3 is shut off by the ig-
nition controller 43a. The combustible gas now undergoes
spontaneous combustion continuously. The heat of combustion
of the combustible gas is continuously imparted at the sub-
stantially constant combustion temperature T,, to the heat
source X of the boiler B, ﬁhich is allowed to operate stably
efficiently.

While the burning of the lower layer of the waste

material A and the dry distillation of the upper layer of

the waste material A are stably in progress as described



As the conbustion tenperature [err] of the conbustible gas in the
conbustion furnace 3 increases, the conbustion tenperature T2 is detected
by the tenperature sensor 45 of the conbustion furnace 3. Wien the detected
conbustion tem perature T2 reaches a pégset combustion tenperature T2,
(see FIG 2) at a tine [err] the valve TOntroller 15 associated with the
gasi fi cat i orAbR¥eackhere ane slevalepeds| in &beudnberiért spapgenof heheont r ol
valve 13 to an opening which is slightly greater than the initial opening
for a given %ﬂ&pqﬁlqn frnace laf @sy aéhapselayerpéa%» v%nr%l:lfw Jl.ﬁyelrl ge_,
to a yet gregter opgning. 26 \When the opening of the control valve S
t hus iyncrgas' St%gﬁr'yéﬁzﬁ‘l’e layemn('<On axhgak tippsfen laves (14" odnm
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consunption of the supplied oxygen, but not higher than necessary. e
spreads upwardly, and the red-hot layer “b” where the waste
material A is burned is progressively shifted upwardly.

During the dry distillation of the waste material
A in the gasification furnace 1, the temperature T, in the
gasification furnace 1 is detected by the temperature sensor
29 of the gasification furnace 1. The detected temperature
T, varies as indicated by the solid-line curve b, in FIG. 2.
Specifically, in an initial stage of the dry distillation of
the waste material A, the temperature T, in the gasification
furnace 1 increases after the lower layer of the waste mate-
rial A has started to be burned, and thereafter drops be-
cause the heat of combustion is absorbed by dry distillation
of the upper layer of the waste material A. When the dry
distillation of the waste material A is stably in progress,
the temperature T, in the gasification furnace 1 decreases as
the burning of the lower layer of the waste material A goes
on.
For combustion of the combustible gas in the com-

bustion furnace 3, oxygen required to combust the combusti-

ble gas is supplied from the oxygen supply source 11 through



dry distillation of the upper layer of the waste material Ais stably in
progress. The conbustion tenperature T2 of the conbustible gas which is
.detected by the tenperature sensor 45 of the conbustion furnace 3 further
i ncreases. Wen the detected conbustion_tenperature [err] reaches a
conbustion tenperature [err] (see FIG’ which is slightly lower than a
preset substthe oxiygeny suppdyaptipesnBd8st 36nto ebipe rexmines tizin furdaceh X.he
com bustibl e gas undergoes spontaneous combustion and nitrogen oxides
produced by the spont 3axne sSpesificeldy,atbeovaivenaontyoblert3s [assgci-
[err] < [err]) at. a time t2, the valve controller 15 associated with the

gasi fi cat i orttiesk witd theccombustine farnecec3 epevates rthe galwe actuma-
automati c, f eedback control _.in order
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of the | oversuppi§ sdurcee 19a¢heough the oxygen supply pipes 38, 36, the
empty chamber 34 of the combustion furnace 3, and the nozzle
holes 35 into the burner section 30 of the combustion fur-
nace 3, in which the combustible gas introduced from the
gasification furnace 1 into the combustion furnace 3 and an
amount of oxygen required to effect complete combustion of
the combustible gas are mixed with each other. During the
initial stage of the dry distillation of the waste material
A in the gasification furnace 1, the valve controller 39
associated with the combustion furnace 3 increases the open-
ing of the control valve 41 to increase the amount of oxygen
supplied to the combustion furnace 3 as the amount of the
combustible gas introduced into the combustion furnace 5
increases and the combustion temperature T, of the combusti-
ble gas rises. Then, when the dry distillation of the waste
material A prbgresses stably and the combustion temperature
T, of the combustible gas in the combustion furnace 3 is kept
substantially constant, the valve controller 39 associated
with the combustién furnace 3 varies the opening of the con-

trol valve 41 as the combustion temperature T, of the combus-



material A and pronoting the dry distillation of the upper layer of the

waste material A wth the heat of conbustion and also the generation of a

gLonbustible gas due to the dry distillation. Conversely, if the detected

conbustion tenperature T2 becones highsé than the conbustion tenperature

[err] then the opening of the control }ve 13 associated with the

gasi fi cati ort¥hikengas variesc&ldghtily,r tereby heuppiying cin amapnt bpl i ed
~to the gasification furnace 1 for thereby suppressing the burning of the

| oner | ayer yden syffiicient ter complekadyscombust; the (gembistihla 9asat i on

of the upper, | ayer of, the waste material A with the heat of cqnbustion and
21 50 the. GorkItRAIFRt kg PGS COBPESE 1N ERIRACR b T ythR GGIIURLASR . The
automati c f&fdback ontrol of the opening of the control valve 13
associ at ed wr¥Pa9% drasifi cation fur- nace 1 keeps the combustion

Lemperature, Lerr] of LF SERRPHLISBolhel 15 SHECHShbIRIBA PGB T8
LS o 3 e S s ook NS b ol £ Py T B (e
material A W Qi inbunt HOYx§YenU8dpp118aStE0ERe [éSibustion fur-
nace 3 while confirming the state of combustion of the com-
bustible gas.
When the dry distillation of the waste material A
in the gasification furnace 1 is in progress, the ashing
layer “a” in the lower pdrtion of the gasification furnace 1
spreads, and the red-hot layer »b” where the waste material
A is burned is gradually shifted upwardiy from the lower
layer toward the upper layer of the waste material A.
Therefore, the fluidized layer “c” where the waste material
A is subjected to dry distillation, the heat transfer layer
“d~”, and the gasifying layer “e” are reduced, i.e., the
amount of waste material A which can be thermally decomposed
through dry distillation i§ reduced, as the ashing layer “a”
spreads and the red-hot layer “b” is shifted upwardly.
As the amount of waste material A which can be
thermally decomposed through dry distillation is feduced,
the amount of the combustible gas generated by the dry dis-
tillation is also reduced, and the combustion temperature T,
of the combustible gas in the combustion furnace 3 drops.

For promoting the partial burning of the waste material A in



The period of time spent after the dry distilla- tion of the waste materi al
Ain the gasification furnace 1 has been started until the conbustion
fenperature T2 of the conbustible gas in the conbustion furnace 3 increases
up to the conbustion tenperature [err] is substantially constant, not
dependi ng on the anount of the waste mat%erial Ain the gasi- fication
furnace 1 arthd yasification Earaaceéht, weké evabve-contatolders 15 @ssbdis t he
gasification furnace 1. This holds true with respect to the conbination of
t he gasifi catiesh with dhebgasiificationcfergace Hegradually sinareaseswWthe t he
conbustion tenperature T2 of the_conbusti- ble gas in the conbustion
furnace 3 i #penindiofedhet copsredpvaivei b3 | gorbiRURHALY @fH ghavah 1n
tenmperature T2b, the ig- niter 43 of the cgnbustion furnace 3 is shut off
by the ig- H¥-orcIRNCESABINIsEhe amauRHBEPF YT FHPRIed FR
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ble gas in the combustion furnace 3 at the substantially
constant temperature T, . Finally, the opening of the con-
trol valve 13 is maximized, and the amount of oxygen sup-
plied to the gasification furnace 1 is maximized. When the
amouht.of waste material A which can be thermally decomposed
through dry distillation becomes only slight and then nil,
it is no longer possible to generate an amount of combusti-~
ble gas iarge enough to keep the combustion temperature T, of
the combustible gas in the combustion furnace 3 at the sub-
stantially constant temperature T,. Therefore, the amount
of combustible gas introduced inté the combustion furnace 3
is reduced, and the combustion temperature T, thereof is low-
ered as indicated by the solid-line curve a, in FIG. 2.
Upon a decrease in the combustion temperature T, of
the combustible gas in the combﬁstion furnace 3, the red-hot
layer “b” which occupies the portion of the waste material A
except for the ashing layer “a” in the gasification furnace
1 increases in eitent, and the amount of heat of combustion

which is absorbed by the dry distillation of the waste mate-

rial A is reduced. Therefore, the temperature T, in the



above, there are developed, in the interior space of the gasification
furnace 1, an ashing layer "a", a red-hot layer "b", a fluidized | ayer "c",
a heat transfer layer "d", and a gasifying |ayer "e", arranged successively
fromthe bottomto the top of the gasifh ation furnace 1, as shown in FIG
1. O these layers "an'- "e", the ashi a | ayer "a" devel - oped upon

conpl eti on ofasdfihication Hirndee vhsslmarpiterindreases: ands thenafdlys aad t he
red-hot |ayer "b" where the waste material A is burned is progressively

shi fted upwatteybubninggandicashingliof ithentwagteomatieriads Ae progsessesA in
the gasification furnace 1, the tenperature [err%gin the gasification
furnace 1 i sagedindieated byicthe gelid-kinegwye Py &1 FHe. gdsificati on

furnace 1. The detected tenperature Tl varies as inhdicated b he
solid-line curve [err] IPnarBtage atyphich the final 4p %RQi9ﬁ/€§Fb@?s&F t he
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combustion of the tonbustible gas in the com bustion furnace 3, oxygen
required to gepkuat the sapbuahtiably ¢asstants wurperhture /e the yalve

supply source 11 through

controller 17 associated with the gasification furnace 1
controls the valve actuator 18 to fully open the shutoff
valve 14 in the auxiliary oxygen supply pipe 10 to supply
oxygen from the oxygen supply source 11 through the auxil-
iary oxygen supply pipe 10 to the gasification furnace 1
when the combustion temperature T, in the combustion furnace
3 detected by the temperature sensor 45 of the combustion
furnace 3 and the temperature T, in the gasificétion furnace
1 detected by the temperature sensor 29 of the gasification
furnace 1 rises beyond a preset temperature T, (see FIG. 2)
which is determined as representing an ending stage 6f the
dry distillation of the waste material A, at a time t, in
FIG. 2. | |

The gasification furnace 1 is now supplied with an
increased amount of oxygen from the oxygen supply source 1l
through the main oxygen supply pipe 9 and the auxiliary oxy-
gen supply pipe 10, so that the final burning and ashing of

the waste material A in the gasification furnace 1 is pro-



30 the oxygen supply pipes 38, 36 to the conbustion furnace 3. Mre
specifically, the valve controller 39 associ- ated with the conbustion
furnace 3 operates the valve actua- tor 40 to open the control valve 41 in
t he oxygen supply pipe 36 to a suitabl e_gpening depending on the conbustion
tenperature T2 of the conbustible gas datect ed by the tem perature sensor

45, thus suppbyedgtheyeimn to dinllye ashy dhe wappeymabverial 1A.t hrough the
oxygen supply pipes 38, 36, the enpty chanber 34 of the conbustion furnace
3, and the nozzl e hol e¥hes the ccomkushion rtemparaturg) Tof of Hehe crambns toir-
fur- nace 3, in which the-conbustLbIefgas i ntroduced fromthe gasification
furnace 1 inpletdRs chvikhe iqambugtiane fargagesd 95epRr EheoRoBRMSEHlRred to
ef fect conpl ete conpusti of the conbustible gas are m xed, with each
other. Duri n@A% S| HGARADLS £ ONHBGHS GOUBAPLIPRonanf hARCRERS
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As the opening of the control valve 13 associated
with the gasification furnace 1 gradually increases at the
ending stage of the dry distillation, thg valve controller
15 which controls the control valve 13 associated with the
gasification furnace 1 recognizes and monitors the opening
of the control valve 13 based on the extent to which the
valve actuator 16 is operated. When the opening of the con-
trol valve 13 increases up to a predetermined opening K, at a
time t_ shown in FIG. 3, the valve controller 15 starts a
timer (not shown) thereof, and continuously monitors the
opening of the control valve 13 to determine whether the
opening thereof remains greater thah the predetermined open-
ing K, during a period of time preset by the timer. If the
opening of the control valve 13 remains greater than the

. predetermined opening K, during the period of time preset by
the timer, then the valve controller 15 outputs a start com-
mand signal to the ignition‘controller 19a of the igniter 19
of the gasification furnace 2 and the valve controller 15

associated with the gasification furnace 2 upon elapse of



T2 of the conbustible gas in the conbustion furnace 3 is kept substantially
constant, the valve controller 39 associated with the conbustion furnace 3
varies the opening of the con- trol valve 41 as the conbustion tenperature
T2 of the conbus- 31 tible gas varieg_slightly, thereby supplying an
anount of oxygen sufficient to conpleteﬁ? conbust the conbusti bl e gas

i ntroduced i the periodnbfistine preswsicdys the tthisexorituat itdmefl tf nstomwiB. id n
supplying the oxygen to the conbustion furnace 3, the operator may manual ly
operate the ERGBef 2 @Bdvd.42 to adjust the amount of oxygen supplied to the
conmbustion fur- nace 3 while confirmng the state of combustion of the com
bustibl e gas. Wen thelfr FegPInse| 10| bhe ostarie cemmandnaignadl, Khﬁnlfhe
asification furna l.is r ogr ess, the ashln layer "a" in the | ower
gortlon of thE SﬁsiglegtFEﬂ ?%% tion, furna igpdtegdanyastgydaten:

lower | ayer EoRAr R SFRCOApbh *§08 Gaeht fank G ad”?eﬁﬁe% 2 SRRREE) £he Lo
i st TS?. ontpe SaniBE| o, wFil T PR ol TudpacR 30T g GBYE - o0 or

reduced, i.eyaiihecaiRr8118f f95$§éégﬁéﬂédﬂwi%ﬁM¥H%hg%QHfQEaEESBHQhLXace

deconposed
2 controls the corresponding control valve 13 to start sup-

plying oxygen to the gasification furnace 2. The waste ma-
tefial A in the gasification furnace 2 now begins to be
burned in its lower iayer and thermally decomposed fhrough
dry distillation in its upper layer in exactly the same man-
ner as with the gasification furnace 1. A combustible gas
generated by the dry distillation of the waste material A in
the gasification furnace 1 is introduced into the combustioh
furnace 4 in which it is combusted, and the heat of combus-
tion is imparted to the heat source X of the boiler B. Sub-
sequently, the gasification furnace 2 and the combustion
furnace 4 operate in exactly the same manner as with the
gasification furnace 1 and the combustion furnace 3. There-
fore, the combustion temperature T, in the combustion furnace
4 and the temperature T, in the gasification furnace 2 vary
as indicated by the broken lines a,, b,, respectively, in
FIG. 2.

The period of time spent after the opening of the
control valve 13 increases beyond the predetermined opening

K, until the combustion temperature T, of the combustible gas



through dry distillation is reduced, as the ashing layer "a" spreads and
the red-hot layer "b" is shifted upwardly. As the anpunt of waste material
A which can be thernmally deconposed through dry distillation is reduced,
the amount of the combustible gas generated by the dry dis- tillation is
al so reduced, and the conbustion tenper§§ure T2 of the conbustible gas in
the conbusti dn theneombGstiopsfufmacerdsydres tHee drept isl siBsehngiallyhe
waste nmaterial Ain 32 the gasification furnace 1, the valve controller
15 associ - afeuskhnh regapdiess cof i the mamene ih ghidhakhy wasteamasethe
openi ng of the control valve 13 continuously as shown in FIG 3, increasing
the anount oFi8kyBeds sabpredoin cthegapidicatdonofurnacecd.1 Therpeyiod
pronote the dry distilla; tion of the waste material A in the gasification

furnace 1 so®as*{BeKEEPULFRA AR (i qasdfdcatdon fursacend aadbtbei- ble
Corr] . Final PORERREROcRIARRGs 4t et etintad Fa GoetatPountatnFBRASORNG | he
When t he amobapeol abefdbds °a¥iEhe, COhRSRE MS TS 148 IR AsRLER -
oocclr L 42k Hhthace BRI kg Siskbihethlay botfedfel 200"
the conbusti eombasPeon! téfpdratiire T, is also substantially constant
'regardless of the manner in which the waste material A is
stored in the gasificétion furnace 1.. The period of time
present by the timer is short compared with the period of
time required until the combustion temperature T, of the com-
bustible gas in the combustion furnace 4 increases up to the
substantially constant combustion temperature T,. The pre-
determined oﬁening—lg for the control valve 13 associated
with the gasification furnace 1 is established such that the
period of time spent after the opening of the control valve
13 associated with the gasification furnace 1 has increased
beyond the predetermined opening K, until the combustion £em—
peratute T, of the combustible gas in the combustion furnace
3 starts to drop is substantially the same as the period of
time required after the gasification furnace 2 and the com-
bustion furnace 4 have started to operate until the combus-
tion temperature T, of the combustible gas in the combustion
furnace 4 increases up to the substantially constant combus-

tion temperature T,.

Consequently, the combustion temperature T, in the



t he conbustible gas in the conbustion furnace 3 at the sub- stantially
constant tenperature [err] Therefore, the anount of conbusti bl e gas
i_ntroduced into the conbustion furnace 3 is reduced, and the conbustion
tenperature T2 thereof is low ered as indicated by the solid-line curve
[err] in FIG 2. Upon a decrease in the3@onbustion tenperature T2 of the

conbusti bl e gambuBtibf €aFRE6EI PNrisedacs the iHiubItaiitiall 1yavehstlnthi ch
occupies the portion of the waste naterial A except for the ashing | ayer

"a" in the gesmbustionntémperatude i TiCrwhersthe tatipitaturd T, hof athe ntomt
heat of conbustion which is absorbed by the dry distillation of the waste
mate- rial Abustiblecgds IThethéocembusieiornhameae S [bhat] has previously
gasification furnace 1 sharply increases and then falls as the burning and
ashi ng of thbeeasoperatedi atartprogrdrxopsirom thelissdstantially constantne
curve [err] in FIG 2. In a stage at which the final ashing of the waste
material A pFOEPESSdEN temperatBrasBiy avd cehpreatier g maintaiaece at
reliably ash %ge wgste material A. According to the present invention, at
the time thet08nSl FFBHt%éi%ﬁr%Pn?EﬁQF1%?@99%?%94xﬁﬁﬂRQHQEﬁrﬁuFbace 3 drops
after having been kept _at the subgstan iagl constant, t enpergture _T2b, the
val ve controller 17 as?g’afg{}&&ew iheth a aéFf?%‘i‘?‘?%‘f‘f"‘?‘h%ctg’el PRFEARS t he
val ve aCtuatQ&ai&ytBohgkgﬁtOQSHbﬁQ@iéﬁ“%éﬁﬂerature T, is imparted from
: 2p 18 P
the combustion furnaces 3, 4 to the heat source X of the
boiler B continuously upon a shift of operation from the
combination of the gasification and combustion furnaces 1, 3
to the combination of the gasification and combustion fur-
naces 2, 4. The quantity of heat of combustion per unit
time is maintained at a uniform level upon a shift of opera-
tion from the combination of the gasification and combustion
furnaces 1, 3 to the combination of the gasification and
combustion furnaces 2, 4. The boiler B can therefore effi-
ciently and stably operate continuously upon a shift of op-
eration from the combination of the gasification and combus-
tion furnaces 1, 3 to the combination of the gasification
and combustion furnaces 2, 4.

After the operation of the gasification and com-
bustion furnaces 1, 3 is finished, and while the waste mate-
rial A is thermally decomposed through dry distillation in
the gasification furnace 2, an ashed material in the gasifi-

cation furnace 1 is discharged from an ash outlet in a lower

portion thereof, and a waste material A is newly stored in



valve 14 in the auxiliary oxygen supply pipe 10 to supply oxygen fromthe
oxygen supply source 11 through the auxil- iary oxygen supply pipe 10 to
the gasification furnace 1 when the conbustion tenperature T2 in the
combustion furnace 3 detected by the tggperature sensor 45 of the
conmbustion furnace 3 and the tenperature [err] in the gasification furnace
1 detected bhetgasifipationrfusnacerl 29 Ten,hdngihef samei BANNGrnd8e 1 ri ses

beyond a preset tenperature [err] (see FIG 2) which is determ ned_as
repr esent i n§e8RTERaAabAYRgevien tihe RReHING Off theofoptrofevadveeldnt eri al
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reduction of the combustion tenperature T2 for thereby conbust the conbus-
are associated with the gasification furnace 1. The opera-
tion of the gasification and combustion furnaces 2, 4 is
thus followed by thé_processing of the waste material A with
the gasification and combustion furnaces 1, 3. Also in this
case, when the combustion temperature T, of the combustible
gas in the combﬁstion furnace 4 starts to drop, the combus-
tion temperature T, of the combustible gas in the coﬁbustion
furnace 2 increases up to the.combustion temperature T, , as
indicated by the solid—lihe'curves a,, b, in FIG. 2. Subse-
quently, the process of operation of the gasification and
combustion furnaces 1, 3 and the process of operation of the
gasification and combustion furnaces 2, 4 are alternately
repeated.

Therefore, the boiler B can operate efficiently
and stably over a long period of time. Furthermore, a large
amount of waste material A can be incinerated by the combi-
nation of the gasification and combustion furnaces 1, 3 and'
the combination of the gasification and combustion furnéces
2, 4.

The opening of the control valve 13 associated



tible gas. As the opening of the control valve 13 associated with the
gasification furnace 1 gradually increases at the ending stage of the dry
distillation, the valve controller 15 which controls the control valve 13
associated with the gasification furnace 1 recognizes and nonitors the
openi ng of the control valve 13 based oB% he extent to which the valve

actuator 16 ws$tRPehétgasifV@ieidit MRAECY 10mayh possibly BecoieV§rddter
increases up to a predeterm ned opening [err] at a tinme [err] shown in FIG

3, the val vethanttheé | predétetmined apdnitig ®)otemporayily escmdt imndluring
continuously nonitors the opening of the control valve 13 to determ ne
whet her t he thendnyg distiblatiomiofs theeataste matertialpAedependingdonpen-
ing [err] during a period of time preset by the timer. If the opening of
t he control Vheveanger chiiwhkich &he waste materjaddd: dsnphegedpdni the[err|
during the period,of {ine_preset by the timer, then the valye ,con{roller 15
outputs a st@RSLEiFRtiQmJLUriAce o HOGeynhoweyeZsnthe gagiidgationye
igniter 19 of the ifjcation furnace 2 and.the valye controller 15
associ at ed Fﬁn?ﬁgaga +?€%§u?QﬁF?ﬂﬁ4ﬁu§%??rh§ gpgﬂgggopg Eﬁ?SC?ﬂ 3Lt od
of time presg e_iloer a_ i errl.. . n . WLn
response to Y%%Qét%?ta%%ﬁ%%ﬁé%%f%ﬁﬁﬁﬁiﬂﬁu§4%£§yag%log %hgﬁacé 1 ﬂag re!
mained greater than the predetermined opening K, continuously
over the period of time preset by the timer, the gasifica-
tion furnace 2 does not start operating too early, and hence
the combustion temperature T, of the combustible ' gas in the
combustion furnace 4 increases up to the combustion tempera-
ture T, when the combustion temperature T, of the combustible
gas in the combustion furnace 3 starts to fall from the sub-
stantialiy constant combustion temperature T,,.

Accordingly, the boiler B is allowed to operate
reliably stably over a long period of time.

While the two sets or combinations of gasification
and combustion furnaces 1, 3 and gasification and combustion
furnaces 2, 4 are used to incinerate waste materials A in
the illustrated embodiment, it is possible to successively
operate more sets or combinations of gasification and com-
bustion furnaces.

Although a certain preferred embodiment of the
present invention has been shown and described in detail,

it should be understood that various changes and modifica-

tions may be made therein without departing from the scope



niter 19 of the gasification furnace 2 ignites a waste mate- rial A stored
in.the gasification furnace 2 in exactly the same manner as wth the
gasification furnace 1, and the valve controller 15 associated with the
gasification furnace 2 controls the corhgspondihg control valve 13 to start
sup- plying o y%%g to thg gasichation furnace 2. - The waste ma- terial Ain
t he gasificaF&o uPRREBIed GlABE8: ns to be burned in its |lower |ayer and
thermal | y deconposed through dry distillation in its upper layer in exactly
the sane man- ner as with the gasification furnace 1. A conbustible gas
generated by the dry distillation of the waste material A in the
gasification furnace 1 is introduced into the conbustion furnace 4 in which
it is conmbusted, and the heat of conmbus- tion is inparted to the heat
source X of the boiler B. Sub- sequently, the gasification furnace 2 and

t he conbustion furnace 4 operate in exactly the sane manner as with the
gasification furnace 1 and the conbustion furnace 3. There- fore, the
conbustion tenperature T2 in the conbustion furnace 4 and the tenperature
[err] in the gasification furnace 2 vary as indicated by the broken |ines
a2, b2, respectively, in FIG 2. The period of time spent after the opening
of the control valve 13 increases beyond the predeterm ned opening [err]
until the conbustion tenperature T2 of the conbustible gas



36 in the conbustion furnace 2 starts to drop_%§~§EQ§LQQLLQLL¥_QQnstant
regardl ess of the manner in which the waste mate- . rial Ais stored in the
gasification furnace 1. The period of tinme requi ‘“ Mmummfication
furnace 2 and the conbustion furnace 4 haye sta“‘ﬁ \m m Iintil the
com bustion tenperature T2 of the combustible gas fn the cdnbus- tion
furnace 4 i n¥haksds gpaimedhéssubstantially constant combustion tenperature

[err] is also substantially constant regardl ess of the manner in which the
waste material Ais stored in the gasification furnace 1. The period of

time present by the tiner is or,t coppared wih the period of tine
required until the corrg‘talslAi S‘ﬁi‘ggﬂp@%aﬁ?én?ﬁa%‘}nglﬁ e akerial gas in

t he conbusti furnacge 4 .k s up.to the substantially constan

conbust i on t SEEERgRuFeY| SHPFITIRETRY and) JARIAIGAF IS SREEAPAPS! BPe e
control valvgtgésagggciated with the gasification furnace 1 is established
such that the period of tine spent after the opening of the control valve

13 associated with the (&qsitﬁ:le&ﬁiapg aaeaﬂgssin&% WASES R IRVIO i dra

predeterm ned opening [err] unti he conbustion tem perature T2 of the

conbusti bl e das a Firke gashEstatiohufibtscs iroudh drydidistillasishgntial ly
the sanme as the period of tinme required after the gasification furnace 2
and the com bustion fyjadanttodacdngt ar tembtust bbbe agas uptdduddi® i rihes-
tion tenperature [err] of the conbustible gas in the conbustion furnace 4

i ncreases up flirsthgasifdcanionl fyrnanet byt the ndiys -distoil taddon dindoe a] err] .

first combustion furnace, combusting the combustible gas in
the first combustion furnace, and imparting the heat of com-
bustion to a heat source of an object to be heated;

(c) controlling the opening of a valve disposed in
an oxygen supply passage connected to the first gasification
furnace to supply an amount of oxygen required to thermally
decompose the waste material in the first gaéification fur-
nace through dry distillation in order to keep the combus-
tion temperature of the combustible gas in the first combus-
tion furnace at a substantially constant combustion tempera-
ture upon the dry distillation of the waste material in the
first gasification furnace;

(d) starting to thermally decompose a waste mate-
rial stored in a second gasification furnace through dry
distillation when the opening of the valve disposed in the
oxygen supply passage connected to the first gasification
furnace increases and becomes greater than a predetermined

opening at an ending stage of the dry distillation of the



tbnsequently, t he conbustion tenperature T2 in the 37 conbustion furnace

4 rises to the substantially constant conbustion te mehen t he
tefmperature T2 of the com bustible gas in the conbum"ntrumlllmmmlmhat
has previously been operated starts to g?op fromthe *sulSst anttalty *const ant
conbustion tenperature [err] and therearter is mintained at the

subst ant i al | yagtasmarertahblntihen figrgiegasifdcpsion. fumeacepre, the heat of
conbustion at the substan- tially constant conmbustion tenperature [err] is
i mparted fromthe conbé8?i dRtFedRated & comhystihlehgas predusesd dn the

boiler B continuoysly uppn a, shift of operation frqomthe_copbi nation of the |
gasi fi cati on®8R@" dﬁ%%%f%?ﬂF*?ﬂ ce Q:HEYCGﬁBFﬁ§%P5ﬁ°BflPﬁ% a

Conbust i on' pEECER (SoeTon fariitid: c@@é&ﬁ?ﬁ&ﬁ??&@u%&ﬁfg TR inor
firnaces 1, SEoeofnd VMR h Sy 1fbapRial chETRHEE 3F

furnaces 2, Gonieeiigh! €5 e HbddIRNeP oFf thie bIAELY c8NHeShaRLYapPEr at €

conti nuously upon a shi p- eration fromthe inatron o

gasi ficati ongggd conbus- tion furnaces 1, 3 to the conbination of the
gasi fication and conbustion furnaces 2, 4. After the operation of the
gasification and com (f) controlling the opening of a valve disposed in

an oxygen supply passage connected to the second gasifica-
tion furnace to supply an amount of oxygen required to ther-
mally decompose the waste material in the second'gasifica-
tion furnace through dry distillation in order to keep the
combustion temperature of the combustible gas in £he second
combustion furnace at said substantially constant combustion
temperature upon the dry distillation of the waste material

in the second gasification furnace.

2. A method according to claim 1, wherein each of
said steps (a) and (d) comprises the éteps of igniting and
burning a portion of the waste material, and thermally de-
composing the remainder of the waste material with the heat

of combustion of the portion of the waste material.

3. A method according to claim 1, wherein each of
said steps (c) and (f) comprises the stepé of reducing the
opening of said valve when the combustion temperature of the

combustible gas in the combustion furnace is higher than a



bustion furnaces 1, 3 is finished, and while the
ther+smal | y deconposed through dry distillation in Eﬁﬂmﬁm mwmgm ur nace
2, an ashed material in the gasifi- cation furnac from an

ash outlet in a lower portion thereof, d a waste material Ais nemdy
stored in 38 the gasification furnac 1. Then, in the sane manner
descri bed algiwen kesperasusgcpragetfas heaidrsubstantial Ly constand @@mm th
the gasification furnace 2 remains greater than the predetern1ned openi ng
[err] conti Rwsidiop femperatpee; oandf 1@?@%‘&%&“%})"%‘%‘5 Rfr sadke val ve

controller 15 _associ - he gasification rnace 2 out S a start
conmand i g YA W th coRbistifn FREPOETLSE o rie Gonts:

associ ated w_t the l.cati.on furnace, 1. The opera-.ti.on of the

Goo T hoat | ortmhiier SRTEERR siRnede S8 Wover (ERAR AATA iy %a"@era-
processi ng qﬁu;he waste material A with the gasification and conbustion
furnaces 1, € so in this case, when the conbustion tenperature T2 of the

conmbustible gas in the conbustion furnace 4 starts to drop, the conbus-
tion tenperature T2 of the conbustible gas in the conbustion furnace 2

increases up to the copbustndtihdde@meordihg 3bclasmi 0Ji vRéLEiMYeddle of

solid-line curves a3, b3 in FIG 2. Subse- quently, ﬂe process of
operation ofsdike sips’ ()t apd ey eombuiééﬁntﬁelrm&ﬂ,mﬁmqi tHee qomecess

of operation of the
bustible gas introduced from the ga31flcat10n furnace into
the combustion furnace with oxygen required to combust the
combustible gas to combust the combustible gas in the com-

bustion furnace.

5. A method according to.claim 1, wherein said
opening of the valve disposed in the oxygen supply passage
connected to the first gasification furnace at the time of
starting to thermally decompose the waste material stored in
the second gasification furnace thfough dry distillation in
said step (d) is determined such that a period of time spent
after the opening of the valve disposed in the oxygen supply
passage connected to the first gasification furnace has in-
creased to said predetermined opening until the combustion
temperature of the combustible gas in the first combustion
furnace sﬁarts to drop from said substantially constant com-
bustion temperature is substantially equal to a period of
time spent after the dry distillation of the waste material

stored in the second gasification furnace has been started '



-
ga5|f|cat|on and conbustion furnaces 2, 4 are alternatel e
Therefore, the boiler B can operate effl ciently andém‘m‘“ﬂ E‘\S ‘“\Bg
period of tine. Furthernore, a |arge anount of wast

i ncinerated by the combi- nation of the,gasification *and conbustlon
furnaces 1, 3 and the conbination of the ‘gasification and conbustion

furnaces 2, untihethpcompustiomdanpanatiureaiofe the gombustible gagoinith
t he ga5|f|cat£on furnace 1 nay ossi bly becone greater than the

pr edet er ni neH
distillation_of

waste nmateri f‘a%i CRQIFAE 5P th‘:fg’l

S pReroRd [rmius l@ﬂQQ§FeSdﬁEF?ﬁEeauFPnﬁa%ﬁesﬂp§tan'
he wast e mat er.i al efendlgﬁ on the manner in whic
f

t he gasification furnace 2 starts operating after the opening of the

cont r ol

val ve 13 associated with the gasification furnace 1 has re-

h the

U8 nace 1. Si nce, however,

mai ned

greater than the predeger gi pa¢ @e&‘:&?rcifﬁcj ]t&ﬂﬂf ﬁpciusl%lrg,_ogg:. EH@PB?-E‘I od

of tinme preset by the tiner, e gasi

Ica-"ti1o ur nade es no

operating togngathy, eéysremeemxfgo%wa%et fERer2hY’ 8shedOin! £R

conbustible gaS in the conbustion furnace 4 increases up to the co

tenpera- tureitetrgasbheicdtivor ofdtifdded aride Hietnyt skbridgoh %HQtéOﬁ&Hél' bl e
gas in the conbustion furnace 3 starts to fall fromthe sub-

rial in the first gasification furnace upon the dry dlstll—

art

ustion

lation of the waste material in the second gasification fur-

nace, starting to thermally decompose the waste material

newly stored in the first gasification furnace through dry

distillation when the opening of the valve disposed in the

oxygen supply passage connected to the second gasification

furnace increases and becomes greater than a predetermined

opening at an ending stage of the dry distillation of the

waste material in the second gasification furnace, and al-

ternately repeating the dry distillation of the waste mate-

rials in the first and second gasification furnaces.

7. A method according to claim 1, wherein when

the

openihg of the valve disposed in the oxygen supply passage

connected to one of the first and second gasification fur-

naces in which the waste material is thermally decomposed

through dry distillation is greater than said predetermined

opening continuously for a predetermined period of time, the

waste meterial stored in the other of the first and second

gasification furnaces starts being thermally decomposed



stantially constant combustion tenperature [err]. Accordingly, the boiler B
is allowed to operate reliably stably over a | ong—periodof tinme. Wile the
{MD sets or conbinations of gaS|f|cat|on and co 3 and
‘gasi fication and combustion furnaces 2 are qumw m‘gmna ste
materials Ain the illustrated enbodi ne Lte MO suctessively
oper at e nor &hyetighodryodibstillation! gaS|f|cat|on and com bustion
furnaces. Although a certain preferred enbodi nent of the present invention

has been shown and described in detail, it should be understood that

various changes and nuodifica-_tions may,be nade therein w thout departing
fromthe scope 40 & Pnh@eibheenacaordingsto clajm:l,; whergipsaid 1. A

met hod of inci.neratin materjal through dry distillation and
gasificatioﬁ,Jsﬁﬁp%PsBﬁgh?ﬂgeét%EEPEﬁ es f QQ#;QFM |y deconposing a waste

material stored in a first gasification furnace through dry distillation;



(b) introducing a conbustible gas produced in the first gasification
furnace by the dry distillation into a first conmbustion furnace, conbusting
the conbustible gas in the first conbustion furnace, and inparting the heat
of com bustion to a heat source of an object to be heated; (c) controlling
t he opening of a valve disposed in an oxygen supply passage connected to
the first gasification furnace to supply an anmpbunt of oxygen required to
thermal | y deconpose the waste nmaterial in the first gasification fur- nace
through dry distillation in order to keep the conbus- tion tenperature of

t he conbustible gas in the first conbus- tion furnace at a substantially
constant conbustion tenmpera- ture updl@Gie Tdry distillation of the waste

material in the first gasification furnace; (d) starting to thermally
deconpose a wapte mate- rial t1'6F§d in a secon@™gagdication furngce
through .dry diaillati hen e jopeni of the el ve dinspased pn the
oxygen supply passag zgn : : ) t he ;%%g$?, ca®ion nage i ncreases
and becones grsal SRdhalaipLedst™armn | el gn endl g gtage of the
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< second conbustion furnace, conbusting the conbustible gas in the second
conmbusti on furnace, and inparting the heat of conbustion to the heat source
of the object to be heated; and (f) controlling the opening of a valve
-di sposed in an oxygen supply passage connected to the second gasifica- tion
furnace to supply an anmount of oxygen ﬁequired to ther- mally deconpose the
waste material in the second gasifica-"tion furnace through dry
distillation in order to keep the conbustion tenperature of the conbustible
gas in the second conbustion furnace at said substantially constant
combustion tenpergture upon the dry distillation of the waste material in
the second gasification furnace. 2. A nethod according to claim1l, wherein
each of said stedg (a) and (d) conprises the steps of gqtgingrand bur ni ng

T2b
T2e
T2a

a portion of the «#faste material, and thermally de- cb osing t remai nder
of the waste mateﬁi al with the heat of conbustion of e@orti of the
waste material . 32 A me{hod according to claig 1, whereingeach:»f,said
steps (c) and ¥Y) ‘conprises the steps of reduding thg opéﬁing aid val ve
when t he corrbuatig tenperature of the gonbustli bl e ghs i ot he réusti on
furnace is hidHergt ha 43 given ¥enperature prepet a saiq:‘<
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" bustign tenperature, and increasing the opening of said valve when the
‘conbustion tenperature of the conbustible gas in the conbustion furnace is
lower than said given tenpera- ture. 4. A nethod according to claim]l1,
“wherein each of said steps (b) and (e) conprises the step of m xing the
com bustible gas introduced fromthe gasification furnace into the '
conbustion furnace with oxygen required to conbust the conbustible gas to
conbust the conbustible gas in the com bustion furnace. 5. A nethod
according to claim1, wherein said opening of the valve disposed in the
oxygen supply passage connected to the first gasification furnace at the
time of starting to thermally deconpose the waste naterial stored in the
second gasification furnace through dry distillation in said step (d) is
determ ned such that a period of time spent after the opening of the valve
di sposed in the oxygen supply passage connected the first gasification
furnace has in- creased to said predeterm ned opeRing until the conbustion
tenperature of the conbustible gas in the fi.rst nbustion furnace starts
to drop fromsaid substantially constant com busfion tenperature is
substantially equal to a period of tinme spent aftler the dry distillation of
the waste material stored in the secpnd gasificat)on furnace has been
started
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44 until the conmbustion tenperature of the conbustible gi

! . . . ifmlsﬂ SHEET $IAS BEREN
conbustion furnace increases to said substan- tially congtant EEEIOH
t.enperature. 6. A method according to claim1l, further conpris—Iihg—the

steps of r
furnace an

txﬂenm&ﬁvd% ﬁiﬁﬁ&ﬂﬁfbﬁ m feﬁ ﬁmf BhsERSHGARI®N

oring a wast - rial first gasification

furnace upon the dry distil- PQ??BﬁcgfOFh%HEWR§§F¥R§QﬁEzﬂ in the second

gasification fur- nace, starting to thermally deconpose the waste materi al
newly stored in the first gaS|f|cat|on furnace through dry distillation

when the opening of thg %QH ggfgf iﬁl éhﬁ giég&i a:&bo?laﬁ%%‘l

connected to the secon

gaS| |on urnace 1 ncr Ses an

than a prede&srﬁh&xﬂﬁf?ﬁe Sec@o Al &cﬂ% P ot fdifstﬁl.ﬁa‘ﬂ& n Bﬁ:bhhé&{xgn of

the waste materi

urnace, an terna

repeating thg ébﬁbﬁééibié%&@“ vﬂhéﬁ‘%.é"’%ﬁfiﬁ‘d&b@'d rm%losaha EBﬁbﬁH:é& i‘ﬁd

second gasification furnaces. 7. A nmethod according to claim1, wherein
when the opeai firet ¢bebystien dfmmiﬁi, ighd RheOprodiacedPReltPogESasmbus-

connected to one of the first and second gasification fur-

naces i n which

t he waste nmationalisi imparted |ty aldvsatp et dehiofugh bddledi.st Theabpening
greater than said predeterm ned opening continuously for a predeterm ned
period of ti@#, atvalvascennected dto sthe finat gasidfiication fhrnaresisand
second gasification_furnaces starts being thernally deconposed

controlled to supply oxygen required to thermally decompose
the waste material in order to keep the combustion tempera-
ture of the combustible gas in the first combustion furnace
at a substantially constant combustion temperature upon the
dry distillation in the first gasification furnace. When the
opening of the valve increases and becomés greater than a
predetermined opening at an ending stage of the dry distil-
lation in the first gasification furnace, a waste material
in a second gasification furnace is thermally decomposed
through dry distillation, producing a combustible gas. The
combustible gas is introduced into and combusted in a second
combustion furnace, and the produced heat of combustion is
imparted to the heat source of the boiler. The'opening of a
valve connected to the second gasification furnace is con-
trolled to supply of oxygen required to thermally decompose'
the waste material in order to keep the combustion tempera-
ture of the combustible gas'in the second combustion furnace
at the substantially_gopstant combustion temperature upon
the dry distiiigfisﬁ:in‘the second gasification furnace.
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through dry distillation. 8 A nmethod accordi ng J_o_cl.ai_m_lr-%ﬁ-_&-ﬁ said
Obj ect”to be heated conprises a boiler. REPLASEMENTS"WET
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METHOD OF INCINERATING WASTE MATERIAL BY WAY OF DRY
DISTILLATION AND GASIFICATION

A waste material in a first gasification furnace is décompésed through
dry distillation, producing a combustible gas, which is combusted in a first
combustion furnace. The opening of a valve of the first gasification furnace is
controlled to supply oxygen required to decompose the waste materiél to keep the
constant combustion temperature in the first combustion furnace. When the opening
of the valve becomes greater than a predetermined opening at an ending stage of
the dry distillation in the first gasification furnace, a waste material in a second
gasification furnace is decomposed through dry distillation, producing a combustible
gas. The combustible gas is combusted in a second combustion furnace. The
opening of a valve of the second gasification furnace is controlled to supply of
oxygen required to decompose the waste material to keep the constant combustion

temperature in the second combustion furnace.

Figure 1
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TEXT OF THE ABSTRACT

A waste material (A) in a first gasification furnace (1) is decomposed through dry distillation,
producing a combustible gas, which is combusted in a first combustion furnace (3). The
" opening of a valve (13) ofthe first gasification furnace is controlled to-supply oxygen required
to decompose the waste material to keep-the constant combustion temperature in the first
combustion furnace. When the opening of the valve becomes greater than a predetermined
opening at an ending stage of the dry distillation in the first gasification furnace, a waste
“material in a second gasification furrface (2) is decomposed through dry distillation, producing
a combustible gas. The combustible gas is combusted in a second combustion furnace (4). The
opening of a valve of the second gasification furnace is controlled to supply of oxygen °

required to decompose the waste material to keep the constant combustion temperature in the
second combustlon fumace

~ Fig. 1.
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