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(57) Abstract
A 760 44
n apparatus and method of roasting foodstuff such as
coffec beans employ a roasting chamber (44) for roasting the CHAFF ROASTING
beans. An air circulation system (48) operatively coupled COLLECTOR CHANBER
with the chamber flows heated air over the beans and thereby l
roasts the beans, and an air cleaning arrangement (74, 76) 62 Pl
is operatively coupled with the air circulation system and .
located downstream of the chamber for removing substantially PRE-FILTER HEATER
all particulates, smoke and volatiles entrained in the used air
as it flows through the container and into the air cleaning 54
arrangement fo provide substantially pollutant—free used air, WHITE PLUNE
The circulation system uses atmospheric air and heats, cleans SMOKE FILTER
and cools it within as litle as 1/4 second. Sensors and
an electronic controller (10) are provided to monitor various ‘ /54
parameters in the roasting apparatus and control the roasting +
characteristics. The darkness or color of the beans during HEAT EXCHANGER
roasting in roasting machines at a plurality of geographically
separate locations is controlled by equipping each roasting ‘
machine with a computer with memory and providing a central ‘ -T2 1 ~48
control station (12) for downloading control signals to the
computer to control roasting. AFTER-COOLER AR
i oA |
HEPA FILTER PRE-FILTER
16 .26, 260
BEAN GOOLING
CARBOR FILTER TRAY
EXHAUST INTAKE
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the various retail éstablishnents on the sane day. Thus, cof f ee beans
presently for sale at retail establishments are 30 sel -domfresh and,

typically, th gg@geveral days to several weeks ol d b
reach the cong?rgi,ﬂ Thi s conprom ses the quality, and espeC| aafz%i t he

aroma, of the coffee and, addi tionall I ncreases its cost because of
the need to make relatively many deliieries fromthe roasting plant to
t he 35 retail locations. Attenpts to retain the freshness of roasted

cof fee beans by, for exanple, placing themin vacuum bags fol |l ow ng
roasting do not in fact materially prolong the shelf life of the

cof fee beans or prevent a deterioration of their

2 aroma if the roasted beans ﬁéﬁsﬁsﬁ g&#&h any length of tine
before they are consuned. ay roasting techniques
have addii onal probl ems. Since roasting takes place at relatively
high 5 t enperatures, typi cajgl%gkcuﬁﬁeop/immqwggh@bout 500[err] F (a?ogt
260[err]C), large anou npke and o ucts a generate
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gas stack for the roa Sundi ng
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and non- cpPfdditiitly them. It is desirable to produce roasted coffee
beans that are consistent in taste and fragrance and in a
manner that wminimizes storage times to optimize the taste of

15 fresh coffee.

Presently, to ensure préper roasting, an experienced
roastmaster commonly roasts green coffee beans at a central
location for distribution to multiple destinations for sale
and consumption.

20 Since coffee beans are presently roasted at a
central plant for sale at multiple retail locations, such as
supermarkets, stores, and specialty shops, as well as coffee
and espresso bars, the roasted beans must be stored and
shipped before they reach the consumer. This is in and of

25 itself time-consuming and costly. 1In addition, for cost and
transportation reasons it is not feasible to effectively
distribute coffee that is roasted on a given day for sale at
the various retail establishments on the same day. Thus,
coffee beans presently for sale at retail establishments are

30 seldom fresh and, typically, they are several days to several
weeks old before they reach the consumer. This compromises
the quality, and especially the aroma, of the coffee and,
additionally, increases its cost because of the need to make
relatively many deliveries from the roasting plant to the

35 retail locations. Attempts to retain the freshness of roasted
coffee beans by, for example, placing them in vacuum bags
following roasting do not in fact materially prolong the shelf
life of the coffee beans or prevent a deterioration of their



15 The installation and mai ntenance of exhaust gds venti ng

and scrubbing equipment is relatively expensive and - requires

nodi fi cati onsYJg }2% building. As a result, roasting cof fee at

i ndi vi dual %ations has not previously been s e PCHYSY8(R3747
considered. Instead, the equipnment is installed in 20 a few, relatively
| arge roasting plants where the associ ated costs can be anortized over
a relatively large volune of beans that is being roasted for
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3 decr eased anE} mar g or t Foastar -and
retailer cdiahine Fﬁ&g@%ﬁggithrough the surrounding wall or ceiling so

that the vented exhaust gases are reasonably clean and non-
polluting.

15 The installation and maintenance of exhaust gas
venting and scrubbing equipment is relatively expensive and
requires modifications to the building. As a result, roasting
coffee at individual retail locations has not previously been
seriously considered. Instead, the equipment is installed in

20 a few, relatively large roasting plants where the associated
costs can be amortized over a relatively large volume of beans
that is being roasted for distribution to and sale at many
retail locations. Roasting coffee beans at individual retail
locations is further unfeasible because of the need to have

25 the roasting process supervised by an experienced roastmaster.

The daily roagted coffee bean sales volume is typically too
small to justify the high cost of a roastmaster. ]

As a result of all the foregoing, coffee is today
roasted and distributed in practically the same manner as this

30 was done for a very long time. However, the taste and aroma
of coffee beans would be greatly improved if it were possible
to roast the beans efficiently at the point of sale to the
consumer, rather than at a remote, central plant, and the cost
of coffee would be reduced if the need for a roasted coffee

35 bean distribution system could be eliminated and coffee beans
could be roasted without the supervision of an experienced
roastmaster. The cost of c¢offee to the consumer could then be



The present invention, as further described bel ow, achi eves these
goals while assuring a constant, uniform 5 roasti ng of the beans,
Fesulting in the desired constant and uni f orm ar ona.

SUMVARY OF THEOPAEASRST ON The roasting net hod P&RFSRH2at us
of the present 10 invention is sufficiently inexpensive to build, install
and operate so that it can be used at individual roasted coffee

bean retail |ocations such as_supermarkets, coffee shops
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roasts the coffee beans automatically without requiring the
20 supervision of an experienced roastmaster.

A principal feature of the present invention
therefore is that the roasting of beans, nuts and the like,
and in particular of coffee beans, is automated and no longer
relies on the subjective judgment of a roastmaster to

25 determine how and when the beans have reached the desired
aroma, flavor, and quality (hereinafter usually "aroma") and
the roasting has to be terminated. This is achieved by

- continuously observing a measurable characteristic or -
parameter of the beans, preferably their darkness, and

30 optionally their color, and terminating the roasting of the
beans when the desired characteristic has been reached. 1In a
presently preferred embodiment, the darkness of the beans is
monitored with a reflectometer, or a spectrometer for
measuring coloxr, that views a flow or stream of coffee Beans

35 past a window that provides visual access to the interior of a
roasting drum. A preferred embodiment employs a generally
horizontally disposed, rotating roasting drum with interior
vanes that extend radially from an outer periphery of the drum
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4 towards its center and over the axial length of the:drum The

vanes are curved sOthat, as the drumrotates, each vane picks up
beans when it passes the |ow point of the drumand carries a quantity
of beans upwawaolby23sgBnce the generally radially 5 ori ent cRCTVSIBR3I74T t he
vanes becone downwardly inclined, the beans will roll off and drop
back to the bottom of the drum t hergby generating intermttent
streans of beans at the w ndow that can be observed by the

spectronet er towards its center Tamd rwielrethenaxial diengthsof asles dyught Thei ng a
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of the laser is 680 nm and in another embodiment it is 750 nm.
The reflectometer analyzes the reflected laser light to
monitor the change in the darkness of the beans in real time.

15 Applicants have determined that a reliable parameter
for determining when a desired finish, i.e. the taste and
aroma, of a given type of coffee beans has been reached is the.
darkness of the beans, coupled. with the manner in which the
finish is attained in terms of roasting time and other

20 roasting parameters. Principal parameters that influence the
finish of the beans are the roasting speed, or time over which
the beans are roasted, as well as the prevailing pressure in
the drum, which will vary in accordance with atmospheric
pressure variations.

25 Before retail roasting takes place, the ideal or
desired roasting profile for each type of bean is
experimentally determined at a central control station by a
roastmaster generally in the manner in which roastmasters
currently determine a desired profile for a given bean. Upon

30 reaching this point in the experimental roasting process, the
monitored roasting parameter or parameters, for example the
darkness or spectral characteristics of the beans, e.g. in
terms of the wavelength, or a range of wavelengths, as well as
roasting time, roasting drum temperature variations, and the

35 effects, if any, of atmospheric pressure variations, are
electronically recorded and stored for later use.

Applicants have further determined that the change
in darkness of the beans during roasting plays a role in the



25 Before retail roasting takes place, the ideal or

desired roasting profile for each type of bean is experinental |y
determ ned at_a central control station by a roast mast er y in
“the manner i nWRP288 oast masters currently determ ne a%ﬂf%ﬁr ofile
for a given bean. Upon 30 reaching this point in the experinental

roasti ng process, the noni t ored roast$ ng paraneter or paraneters, for
exanpl e the darkness or spectral characteristics of the beans, e.g. in
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brewed fromt B@Hltorlng gfm:héri‘oéé)cﬁ%sbaEEﬁéééﬁ@ déﬁe%d'jﬁgét ' J‘.’i'iisin
supervi sed by _a

SuUp|j ectivel det er rum
tenper at ures real ‘é‘rﬂﬁfl &?’ﬁergafﬁ’slf%c?rgﬁﬁsﬁoﬁgt‘ﬁ%l °?‘é’r'?ﬁqnat ed, the
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senses an accebgseédd 5 ustnahels dedslaHee Roa8t Dhg Il dedaN)S slehNgs changing
the hot roasting air temperature and/or flow rate, can be made
- in real time. This assures that the roasting process at each

15 of the individual roasting machines precisely replicates the
roasting process and profile that was previously performed by
the roastmaster at the central control station during the
sample roast, thus ensuring a constant and uniform bean
finish. The established roasting parameters are recorded,

20 stored and downloaded for subsequent use on the individual
roasting machines. This represents a refinement, particularly
advantageous for roasting coffee beans, that was not
heretofore attainable because in the past the beans were
roasted on the basis of the roastmaster's subjective

25 observation and judgments concerning the progress of the roast
without an objective monitoring and use of the parameters that
determine the aroma of the roasted beans. Accordingly, the
present invention assures a degree of consistent guality and
aroma for roasted coffee beans that was heretofore simply

30 unavailable.

A very important advantage of the present invention
is that it permits one to replicate roasting results by using
the darkness (or color) development time line for the beans
being roasted to control the roasting drum temperature on a

35 real-time basis throughout the roasting process to thereby
precisely replicate the development and final taste and aroma
profile of the beans. This is central to maintaining the
consistency of the roasts and is not just a function of the



roasted, adjustnents to the roasting process, such as c¢hangi hg t he hot
roasting air tenperature and/or flow rate, can be nade - in real tine.
This assures that the roasting process at each 15 of the individual
roasting machM@82¥kci sely replicates the roasting pr 8EEAS8RIH7
profile that was previously perfornmed by the roastrmaster at the
central control station during the sgnpl e roast, thus ensuring a
constant and uni f orm bean finish. The established roasting paraneters
are recorded,fingl datlorests ded dolwr)oadedheobeanhs ediventhatedarkndss is
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of the roast deand in tie samet wayf urine aftet time. This is accomplished
with the reflectometer (or spectrometer) and maintaining the
15 preestablished darkness (or color) development time line and
parameters. In the past this was impractical, if not
impossible, because there was no real-time color wmonitoring of
the beans being roasted inside the roasting drum.
The roasting of beans for consumption (e.g. retail
20 sale in stores or the brewing of coffee in espresso shops and
the like) is conducted on site; for example in a store or an
espresso shop, with individual, self-contained coffee roasting
machines constructed in accordance with the invention. Each
such roaéting machine is networked with a computer at the
25 central control station that has the necessary processors and
memory to record and store the roasting profiles/recipes and
parameters needed for controlling and terminating the bean
roasting. ' )
The stored roasting parameters for each variety of
30 beans to be shipped to the in-store machines are downloaded to
the computer that forms part of the in-store roasting machine.
Thereafter, the beans can be roasted with the in-store machine
simply by activating it, and selecting the bean type and
quantity and the desired darkness of roast. Drawing on the
35 stored recipe for the desired roast, the machine assures that
the desired progression of the roast, as primarily determined
from the change in darkness of the beans in real time, is
adhered to. The roasting process continues until the beans



6 final darkness (or color) of the beans. How that darkness is

attained also determnes the final profile of the roasted pr oduct ,

&.g. the roasted beans, because the sane darkness (or

attai ned over Q%W r ange of roasting times, 5  which in%ﬁ@ﬂ%’?@nds on
ot her paraneters such as, for exanpl e, the roasting tenperature. The
profile of the roasted beans wi ||l varly greatly based on how t he
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part of the in-stqQre roastin % eafter eans can be
roasted with R §499€6M0 85‘%&?‘?13‘ eeg, :Fr%?i}‘ad{/ activating it, and
sel ecting the bean typ&heninitiallyuastablishet ttrastdsgr pdranetiemss sapf be
roast. Draw Ngowidd¥ed as easily to one as to many, individual roasters.
The automatic roasting method of the present invention is
20 therefore ideally suited for use in a system that connects a
central control station with multiple individual,
geographically separate roasters. Since each roaster will use
the same parameters {color development over time) for
controlling and terminating the roast, the roasted coffee
25 beans will have a consistently uniform finish regardless where
they are roasted and even though they are roasted without the
supervigion of a roastmaster.
Thus, one aspect of the present invention is a
method of roasting coffee beans by initially establishing the
30 varying degree over time to which the beans must be roasted to
attain a desired finish during a sample roast. A measurable
first parameter, which is indicative that the beans have been
sufficiently roasted to yield the desired finish, is generated
and stored. When a batch of green coffee beans is to be
35 roasted at one of'the on-site roasting machines, the beans
being roasted are monitored and a second parameter, which is
compatible with the first parameter, is generated and compared
with the first parameter. Upon detecting a match between the



35 stored recipe for the desired roast, the machi ne assures that t he

desired progression of the roast, as primarily determ ned fromthe
thange in darkness of the beans in real tinme, is adhered to. The
roasting proc¥@89/238%t i nues until the beans PCT/US98/23747

7 bei ng roasted match the stored darkness for that type of beans
and finish. Wen the desired col or has baen reached, the beans are
renoved fromthe roasting nmachi ne and cool ed, e.qg. on a cooling tray.
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type, the roas ers as | s discussed above.
I n addition, S?—Fede%*}er é’G’aSEB“Q ’eﬁ W@F@H’Plﬂ‘é@c}ee§noPdF16"a%‘1?‘?ﬂd*¥eoPr&ﬁ§e%ﬁe or
al | beanStypeﬁ the rzatibg epéwéa:lmomhednﬂmmrpamdeuaarhoheecming‘el Anshes that
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paraneters are downl oaded ast | n roasti ng

barameters | BPREIERRD G FERL, SR .
term nate roascowg:emm\duhenseﬂa:tsadrpﬁenre*sﬁor If, durimegchosdseguenttype

has be?n reaghedite productl?n ﬁraéEhethE'aéfﬂﬂéé5935§bEb%8§ﬂ dé¥€¥dbg9ntd |
par et £ 38 By s MUPLSPEE btk SRR et R o3 hd E i 1 01
t heref ore i doaksy, Rthead rbasting paraaleS?SSerﬁudiataSCDhqemts rpastingcahtr al
control stat tempeddduraibhapbe thylirdadédhg air flow rate, are adjusted
until the change in darkness corresponds to that established
by the sample roast. This assures that the coffee bean finish
15 obtained during the sample roast and judged to be optimal for
the bean is precisely replicated during each production roast
on each of the individual roasting machines that form part of
the overall system.
For roasting coffee and other nuts and beans in the
20 manner described in the preceding paragraphs, the present
invention provides self-contained roasting machines that can
be installed, for example, inside a retail establishment
without requiring a vent or exhaust to the exterior of the
room. Generally speaking, such’ a roasting machine includes a
25 container having a bean inlet and a bean outlet for holding
beans to be roasted. An air circulation system is operatively
coupled with the container for flowing heated intake air over
the beans and thereby roasting the beans. The heated -air
exits the container as used exhaust air that includes smoke
30 and other pollutants. An air cleaning arrangement is
operatively coupled with the air circulation system and
located downstream of the container for removing substantially
all particulates, smoke, and volatiles entrained in the used
air as it flows through the container to provide substantially
35 pollutant-free used air. An air cooling arrangement is
operatively coupled with the air circulation system downstream
of the container for cooling the used air to about room
temperature. A used air discharge is located downstream of
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geographically separate roasters. Since each roaster will use t he sane

paraneters (col or devel opnent over tine) for controlling and

ferm nating the roast, the roasted coffee 25 beans wi ||l have a
consistently QM8 fini sh regardl ess where they are rRSFYSE2HHY even
t hough they are roasted w thout the "~ supervision of a roastnaster.
Thus, one aspect of the present inventionsis a nmet hod of roasting
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discharged, it will cause substantially no pollution and only

negligible heating of air inside the store.

15 The global installation and operation of all
individual roasting machines, and their interconnection and
cooperation with the computer at the central roasting station,
form another aspect of the invention, which, generally
speaking, involves placing a roasting machine at each retail

20 location or establishment and equipping each machine with a
roasting drum or container for holding green coffee beans
while they are being roasted, a hot air supply for heating the
green beans to the roasting temperature, and an air removal
system for directing used air away from the drum and cleaning

25 it of substantially all debris, oil, smoke, and the like so
that the used air can be discharged into the store atmosphere
after it has passed the beans in the container without
polluting it. During roasting, the beans in the drum-are
observed with a reflectometer or color analyzer and an output

30 signal is generated therewith that reflects the observed
darkness of the beans.

In a presently preferred embodiment, each roasting
machine has an on-board computer to which the output signal is
fed. At a central control station, the color and other

35 parameters for each bean type that will yield the desired

finish are determined, and corresponding control signals are

generated, stored and downloaded to the computer of the
individual, on-site roasting machines. During roasting at any
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on-site production roast, the darkness (or. color) devel opnerit 10 of the
beans deviates fromthat recorded during the sanple - roast, other
foasting paraneters, such as the hot roasting air t enper at ure and/ or
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view schematically
illustrating a centrally controlled roasting system made in
accordance with the present invention;

20 Fig. 2 is a perspective view illustrating the
exterior of an individual roasting machine made in accordance
with the present invention and forming part of the system
shown in Fig. 1;

Fig. 3 is a top plan view illustrating a rotary

25 hopper of the roasting machine of Fig. 2;

Fig. 4 is a side elevational view, partially in
section, schematically illustrating the interior of the
roasting machine of Fig. 2;

Fig. 5 is a partial, cross-sectional, side

30 elevational view illustrating details of a roasting drum that
forms part of the roasting machine of Fig. 2;

Fig. 5a is a fragmentary, front elevational view of
the roasting drum of Fig. 5;

Fig. 5b is a partial, side elevational view, in

35 section, is taken along line 5-5 of Fig. 5a, and illustrates a
stream of the beans in the roasting drum being monitored by a
reflectometer;
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to the roasting of
foodstuff and, in particular, to a coffee bean roasting method
and apparatus having an internal air cleaning system that
eliminates the need for exhausting roasting air to the
exterior of buildings as well as for an afterburner to clean
the roasting air before it is exhausted, that discharges clean
air at or near room temperature that can be vented interiorly,
and that assures consistent and uniform bean flavor, aroma and
quality without the need for an attending roastmaster. As a
result, roasting machines made in accordance with this
invention can be placed inside stores and can be operated to
provide daily roasted coffee beans that have consistent and
uniform flavor. All this is achieved at a cost that is
typically less than the cost of centrally roasting beans and
dispributing the roasted beans to retailers as is presently
done. Although this application makes reference primarily to
the roasting of coffee beans, the invention can be applied to
roasting other foodstuffs such as other types of beans, seeds,
nuts, kernels, and the like.

One aspect of the present invention is an automated
method of roasting by computer monitoring and control without
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In a presently preferred enbodi nent, each roasting " machi ne has an

on-board conputer to which the output signal is fed. At a centra
¢ontrol station, the color and other 35 paraneters for e CQHE %

that will yi QP8 gesired fini sh are determ ned, ani’ ?@6 ndi ng
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should also be monitored and input into the computer to
control roasting. For instance, the roasting speed, or the
time over which the beans are roasted, the color or darkness
development during the prescribed roasting time, the

15 prevailing pressure in the roasting chamber, the roasting
temperature, and the like can be monitored and used to
determine when roasting should cease and/or what roasting
parameters, such as heat, air flow or pressure, need to be
adjusted.

20 Fig. 1 schematically illustrates a centrally
controiled multi-station coffee roasting system 10 constructed
and operated in accordance with the invention. It has a
central control station 11 that includes a computer or master
control server 12 and a plurality of, typically many,

25 geographically dispersed individual roasting machines 14
networked with computer 12. Each of the individual roasting
machines 14 includes an on-board computer with programmable
logic controllers (PLCs) and/or a central processing unit
(CPU) with on-board memory that is networked (telephonically

30 or by wireless techniques) with the control server.

The control station includes a sample roasting
machine lla that is constructed substantially identical to the
individual roasting machines 14 and with which a roastmaster
performs sample roasts of different types of coffee beans to

35 establish for each bean type one or more desired coffee roast
profiles and finishes. Recordable parameters of relevant
characteristics, primarily the darkness of the beans being
sample-roasted and, secondarily, the roasting time, roasting
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illustrating a centrally -controlled roasting system nade in accordance
with the present invention; 20 Fig. 2 is a perspective view

" tllustrating the exterior of an individual roasting rrachl ne -made in

accordance WO9RIBS t he present invention and form ng part PERUSPR3I/St em

shown in Fig. 1; Fig. 3is atop plan viewillustrating a

rotary 25 hopper of the roasting machinesof Fig. 2; Fig. 4

is a side elevational view, partially in section, schematically
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beans that are to be roasted on one or more of the individual
roasting machines that form part of the system, are then
downloaded to a memory that forms part of the computer
contained in each of the individual roasting machines. The

15 stored parameters are then available to control and terminate
bean roasting on each individual machine, as is described in -
more detail below.

Alternatively, as already mentioned above, each

individual roasting machine can be directly controlled with a

20 main frame computer at the central control station, thereby
eliminating the need for on-board computers on the individual
roasting machines. '

In addition to controlling the roasting of the beans

by the individual roasting machines, master control server 12

25 can advantageously be used to monitor and assist in the
managewment of the individual machines. For example, the
inventory of green beans at the individual machines wmay be
monitored, and fresh beans can then be automatically reordexred
from a suitable supplier to assure that sufficient beans are

30 always available when a low-inventory signal is received to
assure an adeqguate bean supply at each individual machine. 1In
addition, the machines, computers and the central computer can
be used to monitor and record machine usage (for example on
the basis of processed bean weight, roasting time, or the

35 like) as well as for billing, establishing profiles of bean
types and/or aroma selection systemwide and at each individual
roasting machine, and the like.



illustrated in Fig. 6; : Fig. 8 is a block didgram

Lllustrating the air control and handling systemof the roasting
machi ne of Fig. 2; : Fig. 9 is a block diagram of the
internal air WwO09923s88trol and handling system of Fig. 8 sch@eRnuUsRasT4y

Il lustrating the arrangenent of process sensors enployed in t he
roasting nmachine of Fig. 2; and 14 Fig. 10 is a bl ock diagram
illustrating the i nteraction of the bean flow and the heated roasting
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Al t hough thi S‘}%Lh-ca“o‘? makes reference pri marlfy to t he roasting of

cof f ee beans,P AVRTRTIUT CR% BRe gIEW¥To 35 roasting ot her
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like. 15 roasting hEEhARPAG! nlfe W BEN Lol OYENIRRHES cANKA T H ML ed
method of roagtlng DY, CQMPYl eheTPh o1 Nd 300 CONS ol oy LU the
foodstuff (e.g. the beans) to be roasted. The hopper is on
top of and supported by a housing 24, and a roasting drum 44
is located inside of the housing. A bean handling system

20 directs a selected bean type from hopper 22 into the drum and,
after roasting, discharges the roasted beans onto a cooling
tray 26 that protrudes horizontally from the housing. Also
disposed on the inside of housing 24 is an air supply system
that heats intake air to the desired roasting temperature,

25 directs the heated air into the roasting drum, and from the
drum directs the used or exhaust air through air cooling and
air cleaning systems for the subsequent discharge of the used
air at about room temperature into the atmosphere immediately
surrounding the roasting machine. Thus, when installed in a

30 supermarket, for example, the used air will be discharged into
the interior of the surrounding building. To be acceptable
for complete indoor installation and operation, the used air
cleaning system removes all pollutants, such as white plume
smoke, oily smoke, particulate matter, including chaff,

35 volatiles, hydrocarbons, and the like, that are generated
during roasting before the air is discharged from the machine.

Referring to Figs. 2 and 3, rotary hopper 22 has a
cylindrical exterior, comprises, for example, sixteen sector-
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15 appropriate electronics 42a of the scale generate a weight-
responsive electrical signal that is used to close the
compartment gate when the preselected quantity of beans has
been received on the scale. The hopper 22 includes a
removable lid or cover 34 (Fig. 2) to protect the beans and

20 provide access to the hopper compartment, for example for
replenishing the beans in the compartments.

Referring to Figs. 5, 5a and Sb, the roasting of the
beans takes place in a roasting drum 44 formed by concentric
inner and outer drums 82, 84. The outer drum is cylindricél,

25 stationary, sealed and has an upright front plate that is
fixed, e.g. bolted to the frame. The outer drum forms a
horizontal tubular chamber that extends rearwardly and, at the
aft end of the outer drum, mounts an aft end plate 102 that

_ defines a downwardly extending exhaust air outlet 90. 1In a

30 presently preferred embodiment, the aft end of the outer drum
and the forward end of the aft plate 102 form mating flanges
that are held together with a conventional, schematically
illustrated flange clamp 103 that permits quick removal of the

_ clamp and disassembly of the drum.

35 The inner drum is perforated and has a rear wall 83
and a spider 85 with preferably three equally-spaced, radial
legs that project inwardly from the inner drum, or two spiders
85 (the second being substituted for the rear wall 83). At
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vanes extend through the sector-shaped openings formed by the
radial legs of the spiders 85.
15 To remove beans that may  become trapped in the
annular space between the inner and outer drums, a spiral bean
removal brush 91 can optionally be provided. It is made of
heat-resistant material, e.g. stainless steel, extends
helically over the length of the inner drum, and projects from
20 the periphery thereof into the annular space to a point close
to but slightly spaced from the inner surface of the outer
drum 84. When the drum rotates, beans in the annular space
between the drums are moved rearwardly by brush 91 and are
ultimately discharged into the downwardly extending exhaust
25 air outlet 90 (or into a bean collection receptacle or a

separately provided bean removal conduit (not shown)).

Front plate 104 of roasting drum 44 has a tubular
bean intake conduit 86 the open end of which is positioned
immediately below a scale discharge opening 43 so that a fresh

30 batch of green beans that has been weighed on the scale flows
gravitationally into the drum for roasting by opening gate 43a
following the weighing of the beans by the scale.

Roasted beans are removed from drum 44 via a bean
outlet 88 in front plate 104 and via a discharge chute 110

35 -onto coocling tray 26 by opening a drum discharge gate 122.

During roasting, the pressure inside the roasting
drum exceeds atmospheric pressure, in a presently preferred
embodiment by about 1.5 psi. To prevent the escape of the hot
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computer of the roasting machine and is preferably
synchronized with the activator (not shown) for scale gate
43a. - _

Similarly, bean discharge gate 122 is provided with

15 a seal formed by a high temperature seal ring (not separately
shown) that prevents the escape of hot, pressurized air from
the interior of the drum when the gate is in its closed
position. In the presently preferred embodiment of the
invention, discharge gate 122 ié hinged to the front plate 104

20 along its upper edge and a linear drive (not separately shown)
is provided for opening and closing the discharge gate. The
drive for the discharge gate is also under the control of the
computer of the roasting machine.

As is described in more detail below, the roasting

25 of the beans is monitored with a reflectometer 108 (or a
spectrometer for monitoring color) suitably mounted adjacent
to front plate 104 with a holder 108a. The reflectometer
directs a laser beam 109 through a window 98 in the front
plate into the interior of the roasting drum.

30 Finally, rear plate 104 includes a hot roasting air
inlet 92 that receives hot roasting air from an air intake
conduit 92a.

Turning now to the manner in which fresh or green
coffee beans are roasted in accordance with the invention,

35 different types of green beans are placed into the hopper
compartment 30 and an appropriate command is entered into an
on-board computer 40 of the roasting machine which of the bean
types is to be roasted. 1Its computer selects the appropriate
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20 to rotate in a drum 82 via pulley 89, and the air circulation

system is activated to flow hot roasting air through hot air
inlet 92 and the interior of the drum for discharge through
exhaust or used air outlet 90, thereby bringing the beans to
the roasting temperature.

25 The green beans intrxoduced into the drum at the
beginning of roasting initially rest at the bottom of the
inner drum 82. Wheh rotation commences, the radially inwardly
extending vanes 94 pick up quantities of beans in a pocket
defined by each wvane and the portion of the inner drum

30 adjoining the vane. As rotation of the drum continues, the
beans in the pocket are lifted upwardly until the vane rises
above the axis of shaft 87, at which point the side of the
vane facing the pocket becomes downwardly inclined and the
beans roll off the vane under the influence of gravity. The

35 vanes are helically curved so that the sides thereof that form
the pocket slope downwardly towards front plate 104 of the
roasting drum. As a result, as the inner drum rotates, the
beans in the pocket are also urged towards the front plate.



15 shaped, upright -conpartnents 30 arranged about the center of
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in a roasting drum 44

ogcegta G 1y wnFr q}FOUt er druns 82,
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drumforns ato direct laser light onto the stream of beans 95 on the
inside of the drum.  Laser light impinging on the beans is

15 reflected and the reflected light is sensed and analyzed by
the reflectometer, for example by determining its wavelength.
The desired darkness of the finished roasted beans (which was
previously downloaded from the computer at the central control
station) is stored in the memory of the on-board computer 40

20 of the roasting machine and compared with an output signal
generated by the reflectometer that indicates the darkness of
the beans in real time. When the signal from the
reflectometer matches the stored signal in the on-board
computer, roasting is terminated. In a preferred embodiment,

25 roasting is terminated by initially ceasing the heating of the
roasting air flowing into the drum while continuing to rotate
the inner drum (with bean outlet gate 122 closed) for about 30
to 45 seconds in a gradually cooling environment that -enhances
the finish that can be obtained with many types of beans.

30 In addition, while full heat roasting of the beans
continues, the light/dark development of the beans inside the
drum is monitored by reflectometer 108, which geherates
corresponding signals that are fed to the on-board computer.
In a preferred embodiment, the memory of the on-board computer

35 includes light/dark level data that was generated during
sample roasting at the central control station, typically as a
function of roasting time and/or roasting temperature.
Whenever the darkness level of the beans being roasted



horizontal tubular chanber that extends rearwardly and, at the aft end
of the outer drum nounts an aft end plate 102 that - defines a

downwar dl y ext endi ng exhaust air outlet 90. In a 30 prese rred
enbodi nent t%@’W&end of the outer drum and the for\/\g%{&%ﬁé% t he

aft plate 102 form mati ng fl anges that are held together with a
conventional, schematically illustraled flange clanp 103 that permts
qui ck renoval _ of, the | a and di sassenbly _of the drym 35
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gate 122 by moving it into its open position shown in Fig. 6.
15 The continued rotation of inner drum 83, coupled with the
helical shape of vanes 94 therein, gradually moves the beans
in the direction of bean discharge opening 88, from where the
roasted beans gravitationally drop onto cooling tray 26.
The cooling tray is preferably circular in shape
20 (see Fig. 2) and includes one or more wiper arms 27 that
slowly rotate with upright shaft 27a protruding from the tray.
'The arms gradually move the beans over the tray to facilitate
their cooling, and, upon completion of the cooling, push the
beans through a finish roasted bean discharge opening 124 to a
25 suitable collection point or into a canister (not shown). The
discharge opening is preferably located adjacent the periphery
of the cooling tray, and the wiper arms are shaped so that
they slowly direct the beans towards the periphery of  the
- tray. The discharge opening is normally closed by a gate 125
30 that is opened via a suitable actuator (not shown) that is
manually or automatically (by the on-board computer) opened
after the beans have been sufficiently cooled. The cooling
tray preferably includes perforations 26a (not shown and of a
sufficiently small size to prevent beans from dropping through
35 or becoming lodged in them) so that cooling air can be flowed
over the beans on the tray to accelerate their cooling and, in
accordance with an embodiment of the invention, to use the
heat of the cooling beans for preheating fresh air before it
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As is best seen in Fig. 8, the air circulation

15 system preferably receives fresh intake air that was preheated
by flowing it over just-roasted, still-hot beans on cooling
tray 26 and through perforations 26a therein to thereby reduce
the overall energy consumption of the machine. Since the
intake air may pick up particulates and white plume smoke as

20 it passes over the roasted beans on the cooling tray, a
prefilter 50 is provided to remove such smoke and debris
before the air enters fan 48. Filter 50 preferably comprises
a .3-micron HEPA filter with a relatively low pressure drop so
that it can remove the white plume smoke and smoke

25 particulates from the intake air.

Fan 48 is coupled to a heat exchanger 54, which
preheats the air from the fan. The structure and operation of
the heat exchanger is discussed in more detail below.  The

- preheated air flows from the heat exchanger 54 to a heatexr 56

30 for heating it to the desired roasting temperature. The
heater 56 is preferably a flow-through electric duct (tubular)
heater 56 capable of heating the incoming air from about 120°F
(about 49°C) and at 50 cfm to the roasting temperature, e.g.
about 500°F (about 260°C). From the heater the roasting air

35 flows via a conduit 392a and past roasting air inlet 92 into
and through the roasting drum from which it exits wvia used air
exit 90.



roasting air, a gate - in the présently preferred enbodi nent - of the
invention, a butterfly disc 86a - is placed in the tubul ar conduit 86
bet ween scal eg?g 9@g&the interior of the drum The butterfly disc

incl udes a hedfC P23t ant seal (not 5 separately shown) tREHUSISRYEh: s
the hot, pressurized air in the drum from escapi ng through the bean

I nt ake conduit. The butterfly discagemains closed at all tinmes except
when a fresh . batch of green beans is to be gravitationally transferred
from the scal e £8 Ehe difuln itheegreen hearniss gdper af £dpantixcudaceabl e 10

d][| Vﬁ ( not sm@mah@hythahﬁwres twRal ]ICaS WREes PifeCaRbke!l 9{13(}]I m%noke hCOWputer
of the roas | re er S nc roni zed wt t he
activator (%16?& Hﬁdﬁ&g%% OH% &é, ]Zfsl%? {f{ are carrieg Mifar | Y,
bean di scha%etfgeatr@afggngsdlﬁm\hm@aemm 15ro emabdel therdischnrgs bifgh

t enper & ur ethealis Ilrihgo( BRé HRIBYrAlelY ronments MM buhR2hgPEgMeNt s the escape
the_interior of the %Irumy\,hen the gate is

of hot, pre 1Z aLr r

inits cl os%gél{v“ﬁm:L o?s{-:’r'flg |“??°3’ﬁ83p?-és %ﬁf \359% FERFEHPE niybi i S gSf t he
i nvention, €lenrd g@dgaPelf;@Z)eﬁpml ngedan coe hbisiohamgegdl ate 104 20  along
i ts upper edge and achhBearadlidni@nceh- ‘fﬁP@rrﬂIs@é xayiileaﬁ&c that 1% provi ded

for opening d e _di scha ate drive tor, the

di schar ge ggf%c?cg ﬁs&gﬁngﬁ?m{ He (Fg‘%t Fg?sﬁmq [fEFum, is.RMOYed 0F & he
roast iy machafig collector 60 locatksl Hewdstrednedt |andnnbapnjedatd bel ow, the
10asting 25roadfidd@rifng. 'er@’%hta?Efego Yidd et | %&gmésra Ny 2

spectroneter _for color) suita nount e front
plate 104 wPPRELE t&eFeRB %t°ﬁ'h(é‘°rteﬁpeiﬂ‘bn%t!%tr CaPturGFrEE?s‘ﬂ&‘ﬁfa%Fi beam
109 t hr oughletsi ttdowi@8thnotdie. f rthet chaff PbEextimigoti-hg i&terior of the

roasting drygyicically removed AMflch¥ank82Ls Rldfagl04 i ncludes a hot
roastlrgg air inlL.éet 92 that receives ho? roastlngbalr froman air

i nt ak condui t @28?1“‘“1’ filter 64 i eonpiec &R thet sBaffinner in which
fresh or gr eehlector 60f rée bHeamrmhdrne (hOBSERSWH)N fAGCEhdapemoval ofl tars

I nventi on, f: t ypes. of A bean are. p | aced it o the .hopper
conpart nent 3 dEffa%J'gggro ?’?a?nee 83‘5’m§§n8e““.<: erﬁeelp mr{of%{fé J]; &r? board
conput er 40'“6\“%% %U@%Fmg %@ﬂ weokhmediaf tlire aposher embodiment, a

prefilter 62 made from superfine 30 micron media is positioned

20 upstream of the primary filter to remove fines from the air
flow and prevent a premature plugging of the filter by the
fines.

From the primary filter 64, the used air flows to
heat exchanger 54 for cooling. In the presently preferred
25 embodiment, the heat exchanger is formed of a plurality of
heat pipes (nqt shown) coupled to cooling fins. The
relatively cool intake air flows in one direction over one end
of the heat pipe array and the relatively hot exhaust air,
separated from the cool air by a wall, is conveyed in the
30 opposite direction over the other end of the heat pipe array.
Heat from the hot exhaust air is transferred via the heat pipe
array to the cool intake air flowing from the blower 48 to
preheat it before it enters heater 56 and thereby improve the
energy efficiency of the roasting machine. The heat exchanger
35 is about 80% efficient and typically cools the air exhaust air
from about 350° (about 177°C) to 100°F (about 38°C).
Alternatively, the heat exchanger can also be formed
of double concentric counterflow hoses or pipes. 1In that



t-ypes Is to be roasted. I'ts conputer sel ects the appropriate

18 hopper conpartnment and activates the hopper drive (not shown

Pn the drawings) to rotationally advance the hopper until t

di schar ge opeﬂ‘l‘%’ ”%anf the sel ected conpartnent is n%/‘ﬁm"above
scale 42. Actuator 117 opens hopper gate 5 116 and green beans
gravitationally drop onto the scal e wheea t hey are wei ghed. Wen the
desired wei ght of beans that is to be roasted has been received on the
scal e, the @@3eatasy outer tubefeq gonyeypathe srefptiivelyncoeal énerleRt3ighi cs

E)lZa, cl osesmr@me d:.reh:@ﬂﬁﬁra@ditaﬁu armehetrheﬁsw &4 dorivdyaahe BEBatiwelsfer of
eans. X v t e bean inl et

cl osur e dl SCO‘-86 xhaust -g.l% ?R aﬂpgo% %8 J’.‘ 1(%? Qﬁ:‘ Q/J’lcg vL:?éa

0 open~i di schar ge
openi ng 43, Healerimam [Fé‘qeme#bﬁh@t teHe béaﬁga‘{lé erred gfle?vlltnélteroﬁabﬁysq 1% from

the scal e ViRe besdl iiiteke8RikNELowiiRy towarlBt £4h 048 Qo ithegeby preleat

Thereafter i t k dIS e s bean di s rge e 122,
are cl osed g ?‘rﬁ ne&kerS%%?%esreés %8V\?lc'§?ﬁ?ays:é roarﬁad% re\g}en
escape of p¢§539¥¢QQxi°f thearpasting meehingerior of the drun1through the

bﬁan l)nt ake or @Hd @lir is then cooledthh&gguUniquPVle(a@J&gg sepay a}]el y.
shown) is ener ize ate | rum.82 vi e an e air
circulation* ah &?ré:rﬁollserag i Ve Peoc?et% %ﬂ‘m g]ﬁo?mroas |Ang %:l § ?‘ﬁ?oﬁ% hot

air 10 jnpér onram;hq heatneschangeyt Sthe druhypbeally gamige ther akgh
exhaust or gegd absut®WI®lr @bohbeIEBC)IDr ichgl Bgit NEedi®@NRUr@ at the

main heat exchanger, to about 100°F (38°C). 1In the
illustrated alternative embodiment, afterﬁooler 72 employs a
finned-tube heat sink of a serpentine configuration with
15 sufficient length to achieve the desired temperature drop.
A high efficiency particulate accumulator ("HEPA')
filter 74 is coupled to the heat exchanger and a carbon filter
76 is coupled to the HEPA filter 74. The HEPA filter 74 is
preferably a .3-micron media that captures white plume smoke
20 and particles as small as 1/2 micron with a 99+% efficiency.
The carbon filter 76 employs activated carbon that filters
VOCs and hydrocarbons (SO,, NO,, etc.) in the used air stream
before it is discharged from the machine. <The carbon filter
76 can be used to control the amount of VOCs, and therewith
25 the coffee aroma that emanates from the roasting machine.

" Thus, and as is illustrated in Fig. 8, the intake
air enters the prefilter 50, which filters out smoke and/or
debris in the air. The fan 48 produces a flow of the air that
traverses the entire roasting machine in no more than about 1

30 second and, preferably, in as little as about 1/4 second while
the air is heated from ambient at intake to about 500°F (about
260°C) for roasting and is then cooled again to about room
temperature (approximately 100°F, 38°C) at discharge. The hot
air therefore flows through the roasting drum 44 in a

35 continuous, high temperature flow to thereby effectively roast
the beans.



the roasting tenperature. 25 ' The green beans introduced into
the drum at the begi nning of roasting initially rest at the bottom of
‘the ~inner drum 82. \Wen rotation conmences, the radial I& i nwardly

ext endi ng varfé@9%3888i ck up quantities of beans in a pocket P HB”%ed by
each vane and the portion of the inner drum30 adjoining the vane. As
rotation of the drumcontinues, the 2deans in the pocket are lifted
upwardly until the vane rises above the axis of shaft 87, at which
poi nt the side of theReferripged FiEng9t heenRSTIce BB ceBRLaY e Miwarahgut

i nclined andehble indiviBeabsréfddimgf mathensy ane fordebniberiny lanance of

gravity. Thec§§trcr<l\ﬁt§'§‘1§| tﬁéerggéﬂﬁgd# PHéVI? o0 that the sides thereof that

form owar front plate 104 of the _
roasting drum As a r§§ﬁl gxampleh@ Fﬁﬁﬁ?ﬁ#‘lﬁﬁ 1galigeesr fhrrmometegeddd jn
t he pock®t arnfidad Irascyged avges ds4 hgef dﬁposﬁcmae the inlet of the

19 Th“?’fe’?l dr°30 0 REANF-" pfar e T

intermttent med 1 n the Vvicini eac one_of
t he vanes (V\PFﬁS‘f}é%ﬁws IAnPFﬁés‘*b?R:ISé‘t“Per F%@@%ﬁﬁ}\?@st khe mle"sf?&ietssb%ﬁt%’?l i ne.

5 thenfarhaspaadessotiieie preasardegnige 168t adasuréfeche outlersti ng
tenperature BQQs J %S‘i:hagfé ”em%%mclamﬂéfaénﬂ%y of t e UREETHO o054 gdleal

col or change a eni_n ch, fo ean rogresses from

an i ni t1&l gﬁﬁa o8 g#‘e eat excpﬁﬁgﬁﬁe%"h ’ﬁe&‘ﬁgs‘t"ﬁe W’fﬁht col or giving

t he beans a bbemm:t{eOgaugp@emaamd andl. tk?erthBuctemergh;redgahgehades
of brown. 146 at the outlet of the heater 56 measures the roasting
temperature of the air. A thermometer 150 and a pressure
gauge 152 can be provided to measure the temperature and

15 pressure in the roasting chamber 44. A pair of pressure
gauges 154, 156 at the inlet and outlet of the smoke filter 64
measure the pressure drop across it. The exhaust air
temperature drop across the heat exchanger 54 is measured with
a pair of thermometers 158, 162 disposed at the inlet and

20 outlet of the heat exchanger. Another thermometer 164
provided at the outlet of the aftercocoler 72 measures the
temperature drop caused by it. A pressure gauge 168 at the
inlet of the HEPA filter 74 measures the inlet pressure. A
pressure gauge 170 at the outlet of the HEPA filter 74

25 measures the outlet pressure of the HEPA filter 74 and the
inlet pressure of the carbon filter 76. A pressure gauge 172
at the outlet of the carbon filter 76 measures the outlet
pressure. If desired, flow rates at various points of the
system may be measured with appropriate flow gauges.

30 As discussed above, while it is preferred to use a
reflectometer to monitor the darkness of the beans during
roasting, spectrometers can be used instead for measuring the
color of the beans. Spectrometers or colorimeters capable of
detecting colors that can be used with the present invention

as are known. For example, U.S. Patent No. 5,684,582 issued
November 4, 1597 to Eastman et al. and U.S. Patent No.
5,504,575 issued April 2, 1996 to Stafford, which are
incorporated by reference herein, disclose useable



The laser (not separately shown) of the reflectometer 108 is
continuously or intermttently activated to direct laser light onto
fhe stream of yhansedS on the i nside of the drum Laserpdpgidbnszer

I mpi ngi ng on the beans is 15 reflected and the reflected Iight is sensed
and anal yzed by the reflectoneter, for exanple by determning its
wavel engt h. The desired darkness of %5maf|n|shed roasted beans (which

was pre | oa

station) is sp(ﬁ%zzégmg‘?%?e ne%n'%r%’agg]n the on oaré S%eéf"f }é{ %sg&gl%é%)he

roasti ng nacHilife U8RJOE RpIreT rAlERelNt @ gRitosi Sheal color Cgferf@PQt ed by the

\r/ﬁf I ecL onet erp ﬂl-‘d&;iﬁ:tbn'ddwﬁiéiﬁré Iae;:ﬂ@f&ﬂﬁ‘&fowr forhthbecmn 3 real tinme.
en the signal fromt ctonet er in

t he on-board conpu b rrdoé:g SE ﬁ?s ?mgu%%%a%c’géw% g éf'tq;r eF?’ég@ﬁjlg

embodi meft , Z'@Chlﬂéa%l?@r\feﬁ:t éﬂ‘ﬁ%a@%ﬂw ithvet lfaill?w’e%sé) tigesSheati ng of

t he roasting air flow ng- |nto the drumwhile continuing to rotate

the inner drum (wjth bﬁ@@e:ﬁ}itn ga&‘grelz"rzﬁe%% d}__o g ilg%or\gqu%%tﬁ apd ato 45
el

seconds in a gradually C00 eV T OnTE RARC ni sh
that can be obtai ned wiRH-infips ypasting tﬁ@a\@ncse inClUdlng prehgabiag ti on,
while full heat roastiggstdm td‘hﬁch;eaﬁﬁon requett.i nues, the |ight/dark

devel opqent of the be r | t ectonet er
108, whlrI?h gener at(3 es aﬁétééjﬂrf g:?%‘o%a ? h%é#)r%r E?nggéa(r%eseqéﬁlé g%h
on-board conputer. beagnp a"%?rléﬁ-@ﬂr SFe@HSiBgt 3 EPErefthrANSH Lty hef
on-board conputer 35 tlhélcﬁd&i'ﬁﬁ ihtghthéladdallecrahndat £21 hat was gener at ed

during sanpl g, roaﬁéié@s Lhg 88%% aéﬁo%o%éo%cﬁétf&ﬂielvéa' gaLLy as a

function of roasting tine and/or roas eénever the
darkness | evel of the BPearccastiing Fba‘ﬁlt’% 44.
© 15 4. Roasting the beans to the appropriate recipe

established at central control station 11 and, if
desired, modifying the recipe with real-time
barometric input.
5. Guiding roasting development and final roast degree
20 (darkness) by real-time input from the laser
reflectometer 108.
6. Starting the cooling tray sweep arm and discharging
the roasted beans from the roasting chamber 44 to
the cooling tray 26 when the spectrometer 108
25 determines that roasting is complete.
7. Stirring/cooling the finished beans on the cooling
tray 26 and discharging. them into the discharge
container when ready.

8. Starting loading/roasting the next batch upon
30 discharge of the previous batch to the cooling tray
26.

The block diagram in Fig. 10 illustrates a roasting
system that comprises the combined configuration of the bean
35 handling system of Fig. 7 and the internal air control system
of Fig. 8. The arrows illustrate the bean flow and the air
. flow. The point of intersection between the two flows is
located at the roasting chamber 44, in which the heated air is



20 ' devi ates fromthe correspondi ng stored darkness | evel data,
operating paraneters, such as the roasting air tenperature and/ or
foasting air flowrate, are adjusted to bring the dar kness | evel of
the beans bei WQ%¥B¥88 ed in conpliance with 5 the stored EGIPHREIM7
information in the menory of the on-board conputer. In this manner,
the test roast, which was perforned 3e0 establish optimal roasting
paranmeters for a given type of bean and/or roasting profile, is
preci sel y repisashitedraaseddie beansgndlne\idyip ephsdirmrptopdhst iBhalks a¥® and

all of the inebnesdifabmlénd dHRASkhAGsEBLIY (@S rellédsed eidte) wheked with the
central conputer t he central

,_at co ter_12 at_.cqont.rol ;statjion 11.
Once the bean%uraﬁoémfléggye‘f’% rc’.lmse%':1 a?%@e;?%@egﬁ-% B%rtgla% 18_895%5%%? r}oo%l
activates thetemgeratpnet showirchdatibrgnisl sakangérom outgdde 122 by noving
It Intg It Ssoﬁﬂtdﬂﬁa&gg@_rbﬁrtm#"rbasfhﬁgle_@pa%ﬁt\ﬁsTﬁ\@ ?Qiltﬂél%adiﬁgtﬁl on of
I nner rum oupted_wt t he . 1 cal,.sS ol __vahes ) rei.n,
gradual | y rm&%%c Hé‘ltseté}ﬁ% Surrouinrqlf'ﬂ%' &lhreeé' F Sﬁggf %le%ncaod‘l srgﬁa%%?%“gel% ng
88, from wheran tdren-loopsahiesy beans gravitationally drop onto cooling
Eray .§_6- 2) _ An TR aRIcivE 163y dl%saaeie_%%ta;ﬁc @iﬁ:@utlaﬁ?‘.br\% shape 20
see kil g. an 1 N uges one or nonye_W.per ,ar { hat ow y.rotate
wi t h upri ght %’F%H‘%m %‘8 p?%“t‘rﬁfcﬁeﬁg S?%%?ﬁ?"ﬁeaﬁly ag.ﬁ e sa‘fle THEPER ﬁgéﬁr%%uta{’fel y
nove t hdheanpevdioopheysteny- t Fheaprimamy differengris @t sglyaadsmalgon
conpl etion of pfdire@shi Ng.g PRy bliethe usdEang, t Ds cdiiraxided 86 tast ed

bean di schargg i 124. 10 2 i t.abl ll.ectio i_nt . into a
cani ster ( notg'.J ats'ﬁ%%%e.gg' fﬁéellfe t%edgg%%!ri%éeﬁoﬁgﬁ?%gég%é pur% %(riggf?§78§bc% ed
adj acent the ¥RFigmdAyed throygh khecreRstHga maghined (Hhe waFdiedrms are

shaped so thadiscussehREps|and yhdirtesl filrdreans, t peadfis difecpeve phey of

t he ray A r i i C gake~y25 30
that is lostjene%t %gagagg??a%ﬁ%%gﬁhgg%){ﬁ?%%{%h%y\n%)1???1 ,@S&ﬁt 3 n%%'ual ly or
aut omat i cal | yT9 IRFevEBtokbe REes EoFpareting fdseysed ainit Suchelgans have
been suffi ci etéhperatalres. idhe desktdRlloop aid rcdycpl &t borlEystiemc whilbs

perforations g8 'i%’ino%ﬂ%‘”m?jh”c% gﬁﬁf'ﬂe smokeUbbs! Sy dYocldnsS! 2fiatithe
prevent beansljgonl rogpi g,t ro grt (not sh y b d instead of
ike, a catalytic converter (not shown) may be used instead o
20 such filters. With a catalytic converter the cleaned air can
be recirculated to the fan of the machine at significantly
higher temperatures, which, in turn, reduces the energy
consumption of the machine. Water removed from the green
beans during roasting and entrained in the recirculating used
25 roasting air is discharged from the system with the earlier
mentioned release of a small, e.g. 20%, proportion of the used

"air.



35 or becom ng | odged in then) "so that cooling air can be fl owed

over the beans on the tray to aCC€H§|fﬂ\@HH“")HI|ﬂﬂ“F ng and, in '
accordance wt odi ment of t use the heat of the
‘P%%sﬁ I'TcDer ore Ist * PCT/US98/23747

cool i ng beans eating fresh

21 I's heated for roasting a new batch of green beans that was

pl aced into the drum Referring to Figs. 4 and 7-10, each

i ndi vi dual roasting machine 14 incl udles an air supply or circulation’
S systemthat | | ower 48 for generating an air flow

t hrough roas pcll II%'he eventual discharge of the air from
the machine. In a presently preferred enbodi nent of the roasti ng

{raclhi ne i m;mhi ch 6-1 b|.1bat @h(ﬁ&tﬁﬁdgcblf%ﬁ%f%%gé are?od prodst ?ambﬁimt
wel ve ni . .a, 2- r, nerat es a_pressure
ri se of alr)%l)ute@l i %%E? %,\B%ab%%ﬁ‘ i8nfig S%ecﬂﬁgfﬁ%g‘ghﬁ?’rfég gﬂg P'rrf’gﬂ?ﬁt'?‘iﬁ‘]:
system amtl tReaf9agkRd i attain asdesives)lagoph; t denexatpings oi oeashralile air,
% abogt {%[ efrirkE- pAfdietdr twhich_(ﬂboi_ﬂdilzlﬁtt@.!’vé] th%@[tﬁié ][pgoductf has bllneen

i s bestgs Qs aLr circ i Qn system prefera
recei ves f1 e%ﬁll%lf%tg {égllétglaﬁ %otahs}a&t% dvv%fs’ %lr%%&jeé:t%gdgesue% T\ ﬁ§°irfn%vrel¥e
j ust - r oast®d FiZEE| PaFRIe Y REINFO3RLERD| fHRFh Produehya @ sedstingugh
perforat!dhst%&@zthﬁﬁf&{lﬁdhﬂtb&&ﬁby%réﬁﬂdﬁa paratétét(%ﬁﬂéﬂ hseESﬁﬁﬂtibIe
consunpt i ; he . .. intake air i ck. U
parti cul a?é;swalﬁg gﬁgfﬁ%ﬁﬁg@sé%%}a% 93 gff’%%%%‘gsb%% ?ﬁgspogg?%ﬂ“beans
on the codl i Y*iPdyro3sting; angs | pper &-eics 1pgodi mrirch detuesnctbeckisgtoke

and debri® and second parameters, discontinuing the roasting step.

2. A method according to claim 1 wherein the first
parameter is the color or darkness of the product and the
second parameter is the color or darkness of the fresh product
during the roasting step.

W e

3. A method according to claim 1 wherein the step
of monitoring comprises making a spectral analysis of the

N

fresh product during the roasting step.

4. A method according to claim 3 wherein the step
of making a spectral analysis comprises directing a laser beam
onto the fresh product during the roasting step and therewith
determining the darkness of the product being roasted.

W e

5. A method according to claim 1 including the
steps of providing_a multiplicity of different product types,
establishing and storing the first parameter for each product
type, prior to the roasting step selecting one of the
multiplicity of product types for roasting; and wherein the
step of discontinuing is carried out when a match between the
first parameter for the selected product type and the second
parameter match. '

R Jd O ok W N



before the air enters fan 48. Filter 50 preferably conprises’ a

.3-mcron HEPAfiItervm'tharelawm # l re drop so that it
tan renmove the white pl une snoke ﬂ ml ﬂ!gﬁliﬁ@ rticul ates e
WO : &éﬁ%pé’%‘?’mmh

i ntake air. Fan 48 s eoup heat excH&M
preheats the air fromthe fan. The structure and operation of t he heat
exchanger is discussed in nore detail bel ow. The preheated air flows

fromthe heat exchanger 54 to a heater & 30 for heating it to the
desired rpasting tenperatuyre. heat er R

f1owthr )ggh el ectri céeduc?‘ tB°$ ary c°rdmghe%tce1r5a’§6%cén§%§d eat| ng the

i ncom ng &i rstepoff aﬁiﬁbl}mesrfmlurah(cxbgﬁtfwgqterna]re)ne‘aﬂas aﬁOISGtcf mto
the roastingdagepenatss e;heeumclpllclaﬁp@tf EQQ:E@M ]dip(e@bouthG&E aik6) . From

the heatey 't S 5 a dui t st roasting
air inl et£9 e%lflgg : ‘Q&tage{‘l% 8%??%% F"gég rrt?r% [ c It exits
vi a used @ rroastedcke tatdmin correspondingly dlf ering de51red aromas; 292

In the dremprike géeeie heaitigyveced fsduactiayl ahi€of the pluehlibiy@ichaff,

as well ag "!hls‘é ?L&’éﬁ \,SéP%k%brol:ké! éé*qfke%tsﬁ one J?Acﬁldt' €SpellY ng car bO”S and

the |ike, whic |ng dr b e air.

enabl e t h d’fl"ﬁﬂ?&f"g%h%fs@l’ qfh@ﬁ?‘?“‘?’rﬂ%“ﬂhésm%ﬁﬂ %ﬁﬁqnéundl ng
each 91 nEiramétalr maedsnghensdl exteldl onkehef usiesl ﬂxm:t pagaaeu:emst be

cl eaned and cool ed before it can be di scharged. Chaff, an
oni onski n-11i ke husk byproduct that is fl aked off 1'hhe beans in the
roasti ng Hrun] i s renbved® fekhod according to claim 1 erein

2 rodasting step comprises flowing heated air over the fresh

3 product, and including the steps of removing substantially all
4 pollutants from the air downstream of the fresh product being
5 heated, cooling the air downstream of the fresh product to

6 substantially room temperature, and thereafter exhausting the
7 cooled air into a room of a building.

8. A method according to claim 1 wherein the step
of roasting includes flowing heated air over the fresh
product, and including the steps of filtering substantially
all pollutants from the heated air following the roasting
step, thereafter reheating and recirculating a major portion
of the substantially pollutant-free air over the fresh product
to thereby continue the roasting step; and discharging a minor
portion of the filtered air prior to reheating and
recirculating the major portion of the air.

U O N 0N e w0 N

9. A method of automatically roasting coffee beans
to attain a predetermined, desired coffee aroma comprising the
steps of roasting a sample of the beans to a degree at which
coffee made with the beans exhibits the desired aroma; sensing
the color or darkness of the beans when they have reached the
degree of roasting and from the sensed color or darkness
generating a first parameter which is indicative of the sensed -
color or darkness of the bean sample; storing the first

W 0 N 6 1 e W

parameter; thereafter roasting fresh beans; monitoring the



10 chaff collector 60 located downstream of and coupled to roasting
drum 44. The chaff collector 60 cConprises a vorTex particul ate

geparator (not shown) that captl1 lets the air
through. The OVREIM3%88I | ect i g t qma m] HN fai1y renoearusmaster caned
as needed. 15 i mar ys $S coupled to the chaff

collector 60 via a conduit (not shown) for the renoval of tars and
chaff fines. In one enbodinment, the priney filter 64is made of
superfine steel wool nedi a. In anot her enbodi nent prefilter 62 nmade

from supes® i fel8p oF dagkneas af |‘éh§)<§§|ets?’oh§ﬂ“?d’em@p§f’ﬁéﬁﬁﬁioﬁm‘% he primary
filter taywepederitires af sepohlicparrameter whichy Bndrdienettreacprcmmicaleor

pl uggi ng 4191‘ %Qedgf%ﬁe?srs l&]}fl the fresh fdags compazing the fiEEQ”&ﬂ&'ese%hﬁary

filter ot used air ﬂ% h %c nger 54for coolin In the
present| V3or BRERPRYLZS duréﬁﬁoﬁ?%"rﬁng Bat™ E’l’fﬁé‘ér pads peTRipSAng
pl urality4of the rodmaingiofiethé¢niresthdeanscebeh athe Eigstl and $ecmnd The

rel ativelys coQbah&tde nitcnl.| ows in one direction over one end of the
heat pipe array and the relatively hot exhaust air, separated fromthe
cool air by a wall, is conveyed in the 30 opp05|te direction over the

other endlof the heat Isi.peAameblod accorddag o orddime Shoherghauthe sitepss

]EranSI ﬁrr@d \SEEarEQ.@ti}%’itthl&l EQesh bea@Hd Ahdt BehBendg 0 (Hléaﬁﬁﬁbeaﬁﬂrcédl@ﬂgng
rom e

%pog\g g 3 i t 2% I‘ELt gater 56 and

t hereby i & ?ﬁ’é are peé'rfi F&y et?iti% 5 af)“le?lh ?tl n§ fichi ne. The
heat exchangéireggented hah&mangy, and M’%eé‘ﬁﬁ-nahhet%&ﬁnz &6 @iscbprging thier
exhaust aig air cohpPiBeAibcRaDEid |tHea Rt iddd [ kont.0 100[ err] F (about

38[err] ). Al ternatively, the heat exchanger can also be
f or med of doubl e concentric counterflow hoses or pipes. In that

1 11. Apparatus for roasting coffee beans comprising
2 a container having a bean inlet and a bean outlet for holding
3 beans to be roasted; an air circulation system operatively

4 coupled with the container for flowing heated air over the

5 beans and thereby roasting the beans, the heated air exiting

6 the container as used air; an air cleaning arrangement

7 operatively coupled with the air circulation system and

8 located downstream of the container for removing substantially
9 all particulates, smoke and volatiles entrained in the used
10 air as it flows through the container to provide substantially
11 pollutant-free used air; an air cooling arrangement
12 operatively coupled with the air circulation system downstream
13 of the container for cooling the used air to about room

14 temperature; and a used air discharge located downstream of

15 the air cleaning and cooling arrangements for discharging at
16 least a portion of the used air into an indoor environment

17 substantially without adversely affecting the environment.

1 12. Apparatus according to claim 11 wherein the

2 container comprises an inner drum rotatable about a generally
3 horizontal axis and an outer, stationary drum disposed about

4 the inner drum.



23 case, an outer tube 66 ¢tonveys-the relatively ‘cool intake air
in one direction and an inner tube 68 conveys the relatively hot

xhaust air | OPERRET ST ?ﬁ”!ﬂwmmam,&ﬂﬂmllsai ne cool FePSRAS °
e

flow ng towards fan 48 to thereby pr eal it before it enters heater
56 to thereby inprove the energy efficiency of the roasting machi ne.
The air is then cooled to about 100[err] BQabout 38[err] Q) in an

af ter cool 72 di spos do m, of _and..recei vi t 1 ir fromthe
heat exchginge,r 54. It 'yp\ixcg’g’%ﬁ@‘é%oﬁ%“ir angi Cfaq"“f H%mwgﬁﬁﬁfnﬁtﬁ err]F
(about 177% erifPeF, d¥pm hag tan; epparakinle ead ahé the ourmimdimemt haxcmaegdr, to
a]??ut 10:)[rer ;ﬂlﬁt(e%{reﬂ}}ﬁ)g the bpén end dJel hHéEiﬁﬁé‘:ﬂ ﬁ#u&@re%i ¢ giikedi nent,
aftercool gf 7. L QV'S ._fipngd-tube heat si a_serpentine

confi gur at‘li onl%v(\:n‘eltﬁﬁ'l“% @ al?seu ilglasgtg?rer‘?ﬁi °BBcéE%i%F€?‘[ P&ag8sipeqy the

t enper at ur® dfE§r drum for subsequent hiqpstéhgi snérmy quidetc fibat eewncimgul at or

("HEPA") 6 roabtkécheatfs ifrchOURbethidy dramheat widhA R’ vaBdidy Gaf bon
filter izgeﬁogogpl d tto the,HEPA filter 74. The HEPA filter /74 is

preferably a -5 R o math 4 PRAL STHb (GPEs 2RnPF ST A e s BReOYEST v
particl es ts aWaWhepgin /theniionen diunh imcdodes efddizldycyinwardly The carbon

filter 76 #nproyecasid walke extbadinddenbirhi ®FSin a 1on¥PEaa2Rgh gydrﬁcar bgns
I s di scharge

(S@2, NA LT ] | 0 the used air stream . before |

from the irardacrﬁlrliﬁg.kgjr%% %art?)’c?n 1RfipE (Jrun and bping shaped: &g Fga‘éo‘?ﬂ? Janefe
anount of 1\Vo&ermy hpterfutagnty spseans [of behhecbeingiaroalstedeandatsvifngom t he
roasting Iacipase. the window when thd Nifher@BeumSis Srdrlalcest hatiefedrdl Fg 8.

the intakg g | ters the prefilter 50, which filters out snoke
and/ or &gg?lgéséitﬁ{%ﬁ%éiéi r. The fan 48 produces a flow of the air that
traverses the entire roasting machine in no nore than about 1 30 second

ra;md, grfef erably, in asd.i t%@aﬁ&t@@@&co&ggng;eg@ggiﬂlgj he includiz P Al r] IC)S
eated fr ut rr abaqut 60 err
for roasti%;nga"&g?%8‘T[?'Esc'“t?s{{:ééﬁ:n E:“%oﬁgég aolqcriL “{agéaggﬁt‘]”frb W Tor def%’ﬁ%’e‘?’ﬁ{%""e
(appr oxi met eTEpEFR 2] Fhe3ppans | Howinadischhe gintermdthent stream of

4 Dbeans past the window.

15. Apparatus according to claim'13 including a
fresh bean storage hopper having a plurality of fresh bean
storage compartments, a conveyor for directing beans from the
compartments to the bean inlet, and means for transporting
beans from a selected one of the compartments to the conveyor.

nm s W

l6. Apparatus according to claim 13 wherein the air
circulation system includes a combustion-free main heater for
heating the air to the roasting temperature and an auxiliary
heater for preheating the air upstream of the main heater.

B W N

17. Apparatus according to claim 16 including means
operatively coupled with the air circulation system for
reducing a temperature of used air exiting the container to
about room temperature upstream of the air discharge.

B W ON

18. A method for roasting coffee beans inside a
store comprising the steps of placing fresh beans inside a



air therefore flows through the T as%m’igdrum 44 in conti nuous, high

tenperature flow to thereby effectiv Hgmy" 'Il e beans
P4 99/23 ferring to Fig | oy edpdhspeasayt

each indi vi dud®PBast| ng machine 14 for nonitoring and control ling the
roasting of the beans. : For exanple, a tenperature gauge or
thernmoneter 132 5 and a pressure gauge 3834 are di sposed at the inlet of
t he prefilter 50 to _neasuyre_the inlet air tenperature and

pressure. A pre85airelya feCEIBCALLY HeAringeain Bf PririFsd §Pastingt e fan
48 and anothetempessture gdlowihdsthedsates alie ohidwsh the cpneasnee aidt he
fan. The t r f | t inlet I e heat
exchanger S PRoHBoEnf (it ol Beand cheleld R rhdrenpifodtt oile Bhaht? |

further terfpefddtesinguipt air exibing t:hee contpinenfte H@"—‘Nﬁ%’@t éhessfﬁ@asur es

the roiztz i ng sgbsthﬁﬁ@ﬂ 1 @fllyh&@vrmt/é buahtavem&eé ma%adeaoegsﬁwr e
gauge n be sure erature essure in
the roasti n% %Y‘i{oﬁ&r oBf- p?‘é‘gﬁf&g% b%\‘ﬁg%s ﬁ?ﬁ’je% mQFE?lﬁe
inlet and ocut Ic‘eft aofslzhelm thiaht ebodz 1 micropasar ehathe fhreseaufiterdr bipe
across it. 1Jh9a1€:X|1§U§&bé‘&éntlallyt ?B'Pfu@ér&tr %%Opc%iﬁizﬁéé‘ﬂ heat egXeh ger

54 is rreasured with air therrmrreters 158 di.s osed at t
inlet and 2b %FPBFab’Fe’f ﬁe&FmB%ﬁ%‘ﬁﬁ’erc’ nRnBPREr ERFL 64an
provi ded at2t hzhexebfber odigdlargfingr tbel £ilt&tredeasdr esoled air direct:ly

13 into the store, whereby the discharged air will cause
14 substantially no pollution of air inside the store.

1 19. A method according to claim 18 wherein the step
2 of filtering comprises providing a plurality of flow-through

3 filters; flowing the used air successively through the filters
4 to remove substantially ail pollutants therefrom, monitoring

§ air pressure drops across each filter, removing and cleaning
6 each filter when an associated corresponding air pressure drop
7 exceeds a predetermined value; and thereafter reinstalling the
8 cleaned filter.

1 20. A method for uniformly roaéting coffee beans at
2 a plurality of geographically separate locations comprising

3 the steps of placing a roasting machine at each location;

4 equipping each roasting machine with a roasting container for
5 holding fresh beans while they are being roasted, a hot air

6 supply for heating the fresh beans to a roasting temperature,
7 -and an air removal system for directing used air away from the
8 container and removing therefrom substantially all debris,

9 smoke, o0il, and the like so that air can be discharged into

10 the atmosphere after it has passed the beans in the container
11 without polluting it; observing the beans in the container

12 during roasting with a reflectometer and therewith generating
13 an output signal which reflects the observed darkness of the
14 beans; providing each roasting machine with a computer

15 including a memory; feeding the output signal to the computer;

SUBSTIUTE SHEET (RULE 26)



tenperature drop caused by it. A pressure gauge 168 at t-he - inlet of
the HEPA filter 74 measures the i pressure gauge 170
at the outlet of the HEPA filter imﬁ 3 E mHall he outl et pressure of
the HEPA filte¥YO9M238¥d t he i

SSHres of+ t he car bonPGY/USNBRITFE. A
pressure gauge 172 at the outlet of the carbon filter 76 neasures the
out |l et pressure. If desired, flow rat at various points of the
system may be neasured with appropriate flow gauges. 30 As

di scussedhatmveat \é/ﬂblaﬁt]:.i:i]h I&g@&a&eﬁwﬁk&p dét@rilining d’r‘?UpQ@.Fn?ﬂEHEkatrlés’sscan
noni tor the, gdarkne t he .bean Spectronpet e

be used |ns]f’fi c#%i‘r %grrgasur g.hag Wit RSy rB?SYT‘beQg &NE TSREELPS et ers or
col ori net erk8 cApshisegs at thed@PééWthwl@mgehatam lve conbatohi & hondle
present i nvest |vm1c35refaé@:§<ﬂﬂw10ptﬁﬁél %&m@es ék%ad?@tz@&tst@a béax@%giﬂz

ISSZ(géeldWS |ssue éiﬁgg%begfacotno g@g?a#l%eé_ %\ﬁﬁfnggh%r%entraq cﬁBEFBBrat ed by

reference hé¥ elﬁFath§cF%s@%§é>&DP§er of each roasting machine; during
25 Spezt nasmteny. afhenpafioeh teast aid %éhiﬁ@cd:cfd\ i @h&celéﬁt%ol

th f S |t col ar r ts t
engulrjzeaoun? OPS%% aﬁ”@E?%?&t l{t;ﬂitli:llo 28 cj‘ate% memory o e 6’8’5 r HEEtd
conput er soft wHRFALEALLY deha .wgtrsmenhamhqnetmq eemnaned mnglgtnm@, t he

follow ng famctdemesating a commandlsigif®€TLiatid@shAg St ciindl 8ighQBStd NY
requests angs terminate the roasting of the beans in the container.

21. A method according to claim 20 wherein each
roasting machine has a plurality of different fresh bean types
which can be roasted; and including the steps of generating an
optimal darkness signal for each bean type at the control
station; downloading each darkness signal to the computers of
the roasting machines of the system; and, during roasting at
any -given one of the roasting machines, comparing the output
signal from the instrument with the stored darkness signal

which corresponds to the bean type being roasted in the
container,

W 0 13 6 U1 Wb W N
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22. A method for treating matter that releases
atmosphere polluting materials when subjected to heat, the
method comprising the steps of providing a chamber including
an inlet and an outlet, placing the material in the. chamber,
generating the air flow and directing it along an upstream,
flow path through the inlet into the chamber, heating the air
flow in the upstream flow path to form a hot air flow, and
directing the hot air flow through the inlet into the chamber,
whereby materials released by the matter become entrained in
the hot air flow, thereby generating a polluted air flow;
directing the polluted air flow through the outlet into a’
downstream flow path; in the downstream flow path removing
most of the materials from the polluted air flow to thereby
generate a clean air flow which can be discharged into the

W O 0 W N

L ol o el =
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initiating roasting sequence, |nclud|ng preheat system
check, upon request. 10 JMlm[\mn‘m @ﬂﬂ!ﬁry hopper to the
desired green beans sing a correct
quantity of WO 9923888 the beans Tnto the scale funnel FCTAUSIS374T

Rel easi ng the beans fromthe scale funnel 42 into t he
roasting chanber 44. 15° 4, Roastsmg the beans to the appropriate
reci pe established at central control station 11 and, if
desired, &bdidsnomphene vecheut Waugingapubdyancial air pollutidmr eeeding
input. 16 the a'ir f@dwdmgtr{énmwréawefmn@atthaed i\'ﬂé\hpéﬁ?e&{redegr ee 20
(darknessl7by re toneaer

108, Sy Br| FEtSans B PR 7 dntaugesiapR o H S A

t he roast @8 bkimit iingotthehéleowasimenforhthbezirl £loy from an upstream jend
cooling thay 8@ ﬁ’m%ptshgeﬁﬁeﬁéikpr@ %r déaﬁs@éeam of the dowHStLddN FR%H kat

roasti ng cool i g the finished beans on
t he cooli %g Stan%lany ne r'?ﬁ/rezé:hgﬁ‘d é?‘é‘égg Sgecr?glfjl "heminto the discharge
cont ai ner when ready. 8. Starting | oading/roasting the next

bat ch uponi130 23. disﬁéa{cgraa@Eoﬁsaﬁ;@r:ﬁyidllaambatzchhéﬁeiﬂgetr@@tie@g
tray r i

illustrat es a°r o%o 8 comprlse% etr%et S5EP 08rPrpt?]lpésnes's(iJ< r%l % gn}"ai%r & rtji%n

confi gur at Bon°6tha|¢e epexay3bn th?drﬁim Adowytheongt tivegdownghyeaneflaw er nal

air control sysﬂerﬁo the 8irFEDow 8in the apbe¥sam 416 path.t he bean flow and
the air | ow. The point of intersection between the two flows is"

| ocated at the roasting chanber 44, in which the heated air is
1 24. A method according to claim 22 wherein the step

2 of limiting comprises the step of limiting the flow time to no
3 more than about 1/4 second.
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26 used to roast the beans. In this enbodi nent, the intake air

cones fromand the exhaust air is released into the . surroundi ng
ehvironment at a tenperature that is close to room tenperature. By
circulating aiWOO%R8B8 from outside 5  surroundi ngs of the PEHUS824747
apparatus 20 and releasing it back into the surroundings, the internal
air control systemis an open-| oop system An
alternative is a closed-1oop air circul atli gn systemthat conprises
substantially the same conponents as the { open-|l oop system The
primary difference is that only a small proportion, e.g. 20% of the
used air, is discharged to the at nosphere, while the remainder, after
t hor ough cl eaning, is recircul ated through the roasting machi ne. The
earlier di scussed HEPA and charcoal filters 74, 76 are effective only
15 at relatively |ow tenperatures of about 100[err]F (about 38[err]C).
To prevent the need for cooling the used air to such | ow t enper at ures
in a closed-loop air circulation systemwhile still renoving white

pl umre snoke, VOCs, hydrocarbons, and the | i ke, a catal ytj c converter
(not shown) may be used instead of 20 _such filters. Wt “d catal ytic
converter the clganed air can be recprcul ated to @'Ee an of The — 1
nmachi ne at signiTiegntly ! i R, in turn, [ﬂﬂjutes
t he energy consunpti onlof {t r OSAMPRE O e[m
beans during roasting and ehtr 594103§TINGV0E5 ing
air is discharged fromthe s$yste Nt i MACHINE el ease
of a small, e.g. 20% prometion g

FIG. /.



27 VWHAT IS CLAI MED | S: 1 1. A nmet hod of roasting a food
product conprising 2 the steps of establishing the degree to which the
product nust wWolbez3sgested to attain a desired arong; gener atpichRisisnsrer
measurable 4 first paranmeter which is indicative that the product has
been 5 sufficiently roasted to yield the desired aroma; storing the 6
first paraneter; roasting fresh product at a roasting 7 tenperature;
monitoring a second parameter which is cdfflatible 8 with the first
paranmeter and is generated by the fresh product 9 during roasting; and,
upon detecting a match between the first 10 and second paraneters,

di sconti nuing the roasting step. 1 2. A net hod according to
‘claim1 wherein the first 2 parg@gsf{er is the color or darkness of the
product and the 3 second parameter \s the color or darkness of the fresh
product 4 during the roasting - 3- met hod accordi ng
to claiml1l wherein the step 2 pf n&nitcring conpri ses n& ing a spectra

anal ysi s of t%ﬁ 3 fresh producf [dufing|the roasting step

N\

24




1 4. A nethod according to claim3 wherein the stép 2 of naking
a spectral analysis conprises directing a |aser beam 3 onto the fresh

pr oduct durinqﬂthe roasting step and therewith 4 determ ning the darkness
of the productY@&VH W8 oasted. 1 5. A nethod acRGVERHEP¢D
claiml including the 2 steps of providing a nultiplicity of different
product types, 3 establishing and storing the first paraneter for each
product 4 type, prior to the roasting st "selecting one of the 5
multiplicity of product types for roastiﬁ@, and wherein the 6 step of

di scontinuing is carried out when a match between the 7 first paraneter for
the sel ected product type and the second 8 paraneter match.

28 1 6. A nmet hod according to claim5 including the 2 step of
establishing a plurality of first paraneters for at 3 | east one of the
multiplicity of product types, each of which 4 defines a different degree
to which the product nust be 5 roasted to attain correspondingly differing
desired aromas; 6 prior to the roasting step selecting one of the plurality
of 7 first paraneters for the at | east one product type; and 8 wherein the
step of discontinuing is performed when the second 9 paraneter matches the
sel ected one of the first paraneters. 20

F16. 3.



1 ' 7. A-nmet hod according to claim1 wherein the 2 roasting step
conprises flowi ng heated air over the fresh 3 product, and including the
steps of renmoving substantially all 4 pollutants fromthe air_downstream of
the fresh pr owge?nm ng 5 heated, cooling the air downstreaRFHVSI¥E™ osh
product to 6 substantially roomtenperature, and thereafter exhausting the
7 cooled air into a roomof a building. 1 8. A net hod
according to claiml1 wherein the step 2 9h roasting includes flow ng heated
~air over the fresh 3 product, and i ncl udli g the steps of filtering
substantially 4 all pollutants fromthe heated air follow ng theggpoasting 5
step, thereafter reheating and recirculating a major portion ?/gf t he
substantially pollutant-free air over the fresh product 7 to thereby
continue the roasting step; and discharging a mnor 8 portion of the
filtered air prior to reheating ' ' | or portion of
the air. 1 9. A nget hod of aut tically roasting coffee beans
2 to attain a predeterm ned, defsired coffeelarfona conprisihg the 3 steps of
roasting a sanple of the beans fo a degree @t |[whihsh 4 coffpe made with the
beans exhibits the desired aronp; sensing 5]|the | or or dparkness of the

beans when they h the 6 degree off rjoasting and fromthe sensed
col or or darkness%ﬁ@ﬁ%@g B{g first paranetler which is | ndicative of the.
V)

sensed 8 col or or the bean sanplie;| storing thejfirst 9
paranmeter; thereaftgqr roasting fresh beansA nottoring the 2
60, 64
%
— ~~12
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29 10 color or darkness of the fresh beans being roasted and.11 generating
a- second paraneter which is indicative of the color 12 or darkness of the
fresh beans; conparing the first and second 13 parameters during roasting
of the fresh fwomeg3ssand term nating 14 the roasting of the fpc@mRofddys When
the first and second 15 paraneters nmatch. 1 10. A nethod
according to claim9 wherein the steps 2 of roasting the fresh beans and
heating, cleaning and cooling 3 the air are perfornmed in a substantially
cl osed room 4 frequented by humans, and wherein the step of discharging the
5 air conprises discharging the air int®lhe room 1 11.
Appar atus for roasting coffee beans conprising 2 a contai ner having a bean
inlet and a bean outlet for holding 3 beans to be roasted; an air
circulation systemoperatively 4 coupled with the container for flow ng
heated air over the 5 beans and thereby roasting the beans, the heated air
exiting 6 the container as used air; an air cleaning arrangenent 7
operatively coupled with the air cié?xngmion system and 8 | ocated
downstream of the container for renmoyvind substgntially 9 all particul ates,
snmoke and vol atiles entrai neg= sy (@ &r as it flows thrgygh the
container to provide substanddally 11 it -free used air; affair
cool ing arrangenment 12 opgeratine W T h—tfre—arr—ctrreotat/ on system
the usgd air to abo room 14

downstream 13 of the con&ii ne or coolin
t ed dowrRstream of the air
harging[at 16 ast a portion of

tenperature; and a used aN Ali scharge | od

cl eani'ng and cooling arrangenents for dig

the used air into an indﬁpr STV Qe Tt
“

|
c
g
&
q
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17 substantially w thout adversely affecting the environnent. 1

12.  Apparatus according to claim 1l wherein the 2 container conprises an

i nner drumrotgtabl e about a generally 3 horizontal axis and an outer,

stationary dr uWP3M&¥¥sed about 4 the inner drum PCT/US98/23747

30 1 13. Apparatus according to claim12 wherein the 2 inner

drum has an open axial end and the outer drumhas an end 3 plate overlying

t he open end of the inner drum the end péate 4 including a bean inlet for

i ntroducing fresh beans into the 5 inner um for subsequent roasting and

an outlet for renoving 6 roasted beans fromthe inner drum a w ndow for

viewwing an 7 interior of the inner drumfroman exterior of the outer

drum 8 and wherein the inner druminclugesTasially in ly 9

proj ecting vanes extendi ng generall lﬂ\a | ongi t udT™R 710 direction of the

i nner drum and bei ng shaped so tha~”the yanes 11 for ternalttent streans
§ pasi~tge w ndow \ tjhd_i-m$8a drum

;posgﬁithgﬁbin. 1

A1 ect oneter nodwted—paRti mat e t he

is rotated and beans are 13 di
according to claim 13 includi
wi ndow for determning a

wa\\ '

108a




3 darkness of the beans fl ow ng in the intermttent stream of’ 4 beans past
the wi ndow. 1 15. Apparatus according to claim13 including a
2 fresh bean storage hopper having a plurality of fresh bean 3 storage
conpart nment s, wossassseyor for directing beans fromthe 4 conB&TUSERM7t o t he
bean inlet, and neans for transporting 5 beans froma sel ected one of the
corrpartrrents to the conveyor. 1 16. Apparatus according to
claim 13 wherein the air 2 circulation s¥}rsi)em i ncludes a conbustion-free
main heater for 3 heating the air to the asting tenperature and an
auxiliary 4 heater for preheating the air upstream of the main heater. 1
17. Apparatus according to claim16 including nmeans 2 operatively coupl ed
with the air circulation systemfor 3 reducing a tenperature of used air
exiting the container to 4 about mi@gm nmper at ure upstream of ~the air

di schar ge. 1 for roasting coffee Mdeans inside a 2

store conprising the steps of pI acing [fresh bear® insid /||7
31
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3 container; electrically heating air to a desired roasting 4 tenperature;
flowing the heated air through the container and 5 about .the fresh beans
therein to th ﬁ@% Egast the beans; 6 filtering hot air exiting the

contai ner to Si herefrom 7 substantially all oily and 7S84
snoke, volatile organic 8 conpounds, hydrocarbons, and other particul ate
subject matter 9 of a size larger than about 1 micron so that, thereafter,
the 10 air is substantially pollutant-free; cooling used air exiting 11 the
container to a tenperature of no nore tha g Fbout 47[err]C, and 12
thereafter discharging the filtered and cOoled air directly 13 into the
store, whereby the discharged air will cause 14 substantially no pollution
of air inside the store. 1 19. A nethod according to claim18
wherein the step 2 of filtering conprises providing a plurality of
flowthrough 3 filters; flow ng the qﬁﬂﬂ @Eﬁ successi vely through the
filters 4 to renove substantlally al | " pol nts therefrom nonitoring 5
air pressure drops across each filter, rjnDV|ng and cleaning 6 each filter
when an associ ated correspondi ng g Of- 7 exceeds a

predeterm ned val ue; and thereaftgr reiRQFARYl | i nd the 8 cleaned filter. 1
20. A nethod for uniformy roastiing cHpPEER beajs at 2 a plurality of
geographically separate | ocations nprising 3 flhe steps of placing a
roasti ng machi ne at each | ocation; 4 equijppi ng each roasting machine with a
roasting container for 5 holding f h_bdans whit42 they are being roasted,

a hot air 6 supply for heating thg fresh beans o a roasting tenperature, 7
and an air renoval systemfor dirdctindg0AkEd ai | away fromthe 8 container
and renovi ng therefrom substanti al aII debrisj 9 snoke, oil, and the |ike
so that air can be discharged into 1 at nosphere after it has passed
the beans in the container 11 w thout po | uting igg; observing the beans in
the container 12 during roasting Wth ectprmreter and therewith
generating 13 an output signal whic ﬂgfﬁggﬁ e observed darkness of the

26
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14 beans; providing each roasting nmachine with a conputer 15 7including a
menory; feedl ng the output signal to the conputer;

32 16 at a central control station determ ning an opti rral darkness 17 for
each bean typWO994388%i | | be roasted by the roasting 18 machiPrESI8A747 e
control station generating a control Si gnal 19 which reflects the optinmal
darkness of each roasted bean type; 20 downl oading the control signal from
the central control 21 station to the conmputer of each roasting machine;
during 22 roasting at any given roasti ngg}?ﬂachi ne conparing the control 23
signal stored in the associated nenory with the output signal 24 generated
by the instrunent; when the conpared signals match, 25 generating a conmand
signal; and using the command signal to 26 term nate the roasting of the '
beans in the container. 1 A met hod according to cl@a m 20
wherein each 2 roasting 1 plurality of eh ean
types 3 which can be rogsted;0HARE i ncludi ng the steps oROASTINGati hg an 4
opti mal darkness signal forcai,él_&ﬂmjban Type at the cont r GHANBER at i ¢n;

downl oadi ng each darkne he conputers of Jng
machi nes of the system and, dgring ro S’Z ing at 7 any givefl one of dahe
roasting nmachines, conpg Ft 8 signal frg wth
the stored dar_kness Si gral PREVHiLEER COf responds to the begpAtpRoe bging
roasted in the
64
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10 cont ai ner. 1. . 22. - A nethod for treating matter that rel eases
2 atmosphere polluting materials when subjected to heat, the 3 nethod
conprising the steps of providing a chanmber including 4 an inlet and_an
outlet, placiwgoyisessnaterial in the.chanber, 5 generating PREVSEM ow and
directing it along an upstream 6 flow path through the inlet into the
chanber, heating the air 7 flowin the upstreamflow path to forma hot air
flow, and 8 directing the hot air flow tl@hPUQh the inlet into the chanber,
9 whereby materials released by the matte€r becone entrained in 10 the hot
air flow, thereby generating a polluted air flow, 11 directing the polluted
air flow through the outlet into a 12 downstream flow path; in the
downstream fl ow path renoving 13 nost of the materials fromthe polluted
air flowto thereby 14 generate a clean air flow wiTh e |;_E§barged
into the 60 @ at npspher e

w t hout causi ng sul t ol lution; cooling ] bW i n t he
downst ream fl ow pafh to(}iAfEnper ture 17 suitable for ROASHEG of Adge air
into a closed envi fonnBOLECTOR] 1§ TTimting the TToy ti PHAMBER t hejair flow

from an upstream el streampath to a ¢ t he
tantially no nore than about 1 ng?&d

downstream path to 2%4%
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1 23. A nethod according to claim22 wherein*the step 2 of
cooling conprises the step of transferring a major portion 3 of heat energy
in the air flow through the downstreamflow 4 path to the air flowin the
upstream f | owvwaesm3sss 1 24. A net hod accordi ng t opclrasoBniydr
-wherein the step 2 of limting conprises the step of limting the flow tine
to no 3 nore than about 1/4 second. '
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