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- - - - - - F l a m e l e s s  C a t a l y t l c  H e a t e r s  l n d u s f r l a l  O v e n  S y s t e m s  

August 3 1,1998 

Chief Operating Officer 
Lignetics, Inc. 
Suite E, Foothill Executive Plaza 
1 150 Foothill Blvd. I 

La Canada, CA 9 100 1 1 

Dear Lenn: 

I have tried to contact you three times in the last two weeks, and I have left messages at both your 
St. Louis and California oEces. 

We had a meeting on the DOE Project, with Teresa Hodges from the State of Kansas. The thrust 
of the meeting was to bring everyone up to date on the project. We built a prototype machine 
that incorporates a unique conveying system which has allowed us in test runs to remove 97% of 
the moisture from sawdust. We have developed a database from the experiments to date, and are 
able to replicate the results. 

In looking at the results to date, it is evident that we can build a piece of equipment that would 
remove the quantities of moisture that we had originally set as a goal. However, the ability to 
deliver a unit to Lignetics, Inc .that would process ten tons an hour, capnot be done with the 
remaining grant money. A ten ton per hour machine would cost at least $750,000.00, and there is 
no realistic way to come up with the piece of equipment we had anticipated under the grant. We 
have discussed this with the State of Kansas and they are agreeable to a grant revision that would 
allow us to do the remaining engineering, testing and environmental data gathering with the 
balance of the grant money. Catalytic Industrial Group has expended $207,8 16.00 of the 
$273,340.00 that we committed to support the gr&t. I think that with your agreement we can get 
the grant revised and relieve Lignetics, Inc. of their commitment for the $273,400.00. 

Please call me and lets discuss how we can proceed with this project. 

Siqcerely, 

Virgil Macaluso 
President 

20th and Sycamore P.O. Box 827 Independence, KS 67301 
(31 6) 331 -0750 1-800-835-0557 Fax: (31 6) 331 -3402 
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PROJECT HISTORY 

Catalytic Industrial Group became interested in the ability to use its catalytic infrared 
technology for the removal of moisture in substances after having had very positive 
experience in removing moisture from water-based coatings which are becoming 
increasingly popular as industry strives to comply with clean air mandates. The first 
attempts were crude but showed that the moisture could be removed, and intriguing enough 
that we started to think about a conveying-based system that would remove moisture from 
products. The initial tests were designed afound sawdust. We felt that the market in 
particleboard and in the MDF board by itself justified the research into this concept. 

As we talked to other people interested in this subject, we were able to get some interest 
from the Pellet Fuels Institute the trade association of manufacturers of pellet fuels 
equipment and products. Shortly after that, we entered into a product development 
agreement with Lignetics to try and develop a system utilizing our infrared technology, and 
some conveying equipment that Lignetics owned at the Doniphan, Missouri Plant and we 
sent a team of technicians to the Doniphan plant to experiment with some raw sawdust. 
Initial tests were interesting but we could not operate the equipment in a manner that would 
yield definitive results. We decided to move the experiment back to Catalytic’s facility in 
Independence, Kansas, and proceeded to construct a series of devices utilizing some flat line 
conveyors, modified with some high temperature belting and a variety of agitation methods. 

All of the work to this point had yielded interesting results but still pointed to problem areas. 
The two most important problems were conveying the product in a manner that exposed it 
to IR and the use of air recirculation. It was during this process that the decision was made 
to apply for a grant through the Department of Energy to secure the funding necessary to 
thoroughly research the concept and determine if a piece of equipment could be designed 
that would accomplish the desired moisture removal utilizing E. 

When the project was selected by the DOE and the grant was awarded, Catalytic Group 
moved ahead to develop.the piece of equipment, which we now have in place that has 
proven that our concept was valid Prior to the DOE grant, Catalytic Group had applied for 
it and was granted a patent on the concept. With the grant in place, the search for the proper 
conveying technology was successful when CAT-Tec provided the designs. A prototype 
machine was designed using the conveying device, IR and recirculating air, that has given 
us great encouragement that this technology can be applied to many moisture removal 

. problems throughout industry. These t ill be discussed in greater detail towards the end of 
this report. 
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EXPERIMENTAL PHASES 

In the early part of 1995, the CIS Test Lab started drying sawdust. This was done in a cake 
pan under a single 12" X 60" heater. The results were promising. From the first test, 
questions were raised as to how to agitate the product, how to move it in and out of a drying 
device and how to move recirculation air over or through the product. 

In the next phase of the testing, we used an auger with heaters mounted over it and on the 
sides. CIS had Lignetics of Doniphan, Missouri, in the lab for a round of testing using the 
auger system. After these tests, a team went to Lignetics for a tour of their plant and to take 
9 each 12" X 60" heaters, to make a flat line conveyor type oven with 3 levels of conveyor. 
The recirculation air and product agitation was addressed. 

CIS reworked an old flat line conveyor. This conveyor had a shaker device that would 
bounce the belt up and down to try to keep the product in suspension. This also showed 
promising results, but the method could not be used on the pelletized chicken manure that 
we were trying to dry. It created too many fines. We also used recirculation air that came 
up through the conveyor belt. This type of recirculation air worked well, but we had too 
much dust in the air vents. 

From here, we went to a triple pass auger system using cut and folder flights with heaters 
above and below. This method used conduction through the bottom of the auger. 

From all the testing, we have found that the product needs to be in suspension when it is in 
the infrared with the recirculation air being blown over it. The conveyor system also must 
not damage the product. This has brought us to the present conveyor system we have now. 
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SUMMARY OF PROTOTYPE PERFORMANCE 

To date, fifteen tests have been performed. They were designed to test the machine 
mechanically and thermalfy. 

Tests numbers 1 through 4 were primarily a mechanical shakedown. Heater function, 
recirculation air system, product flow, conveyor speed, and conveyor angle were 
explored. 

Test numbers 5, 6, and 7 experimented with product feed rates and same-zone air 
recirculation. Progress was cautious to insure safe operating procedures were 
developed. 

Three tests, numbers 8, 9, and 10 were all run on the same day. Recirculation air for 
Zones 2 and 3 was pulled from Zone 1 exclusively. The oven was shut down at the 
end of each test and restarted for the following test. The same product (sawdust) was 
used consecutively in all three tests. At the end of Test #8, the product was tested for 
moisture and moved to become the product for Test #9. Likewise, Test #9 product 
became product for Test #lo. Inclusive fi-om Test #8 to Test #lo, 16.2 points of 
moisture were removed. 

With remaining test numbers 11 through 15, the conveyor ran continuously while the 
sawdust was shuttled fi-om the outlet end to the inlet end in large crates and was 
cycled through four times. This process enabled the sawdust to retain more heat and 
kept the oven up to temperature. With this procedure, test result became more 
repeatable and predictable. 

In Test #15, four passes removed 97.4% of the sawdust moisture to reduce the 
sawdust from 61.5% to 2.6% moisture content.. By calculations, 674 pounds of water 
were removed. 

Product flow rate for the prototype machine has been measured at approximately one- 
half ton per hour of sawdust at 12% moisture. 
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DISCUSSION OF TEST NUMBER 15 

Documentation of Test #15 consists of: 
Moisture Dehydrator Test Form, 2 pages. 
Drawing titled “Location of Blast Gates in Recirc Duct”, 1 page. 
Drawing titled “Thermocouple Locations”, 1 page. 
Print out of an Excel data collection file named SAWlS.XLS, 10 pages. 
Charts of temperature readings for Zones 1 , 2 and 3 , 3  pages. 

The Moisture Dehydrator Test Form is a handwritten record of mechanical settings for 
the oven. Conveyor speed and angle are noted. The number of heaters that are on and 
their gas pressure is recorded. Product depth is estimated and damper (blast gate) settings 
are recorded. Important occurrences are noted in the comments section. 

The drawing titled “Location of Blast Gates in Recirc Duct” is the key to the damper 
settings recorded on the Moisture Dehydrator Test Form. 

Data collected from the thermocouple inputs is recorded in Excel spreadsheet format. 
Thermocouple inputs are recorded versus time. Location of thermocouple numbers 1 
though 9 is shown on the drawing titled “Thermocouple Locations”. Thermocouple 
numbers 10, 11, and 12 are spares recording ambient temperature near the oven. 
Thermocouple numbers 13 and 14 record product (sawdust) temperature during moisture 
sampling. Notes of occurrences are made as required throughout the data table. 

Charts of temperature readings for Zones 1, 2 and 3 were made fiom the temperatures 
collected from thermocouple numbers 1 through 9. 

DISCUSSION OF RESULTS 

One observation from the charts is that Zone 1 temperatures are significantly higher than 
in Zones 2 and 3. This occurs because Zone 1 contains high intensity infrared (IR) 
heaters that operate at high temperatures and relative short wavelength IR. Zones 2 and 3 
contain catalytic heaters that emit medium wavelength IR. The combination of the two 
types of catalytic heaters gives a broader spectrum of IR. 

Another thing to notice on the charts is that it takes approximately 20 minutes for the 
oven to get up to temperature and stabilize. 

Recirculation air for Zones 2 and 3 is taken from Zone 1. Higher temperatures generated 
in Zone I raises the Zone 2 and Zone 3 recirculation temperatures on the average 
approximately 100°F. 

Four passes through the oven reduced the moisture content fiom 61.5% to 2.6%. By 
calculations, 674 pounds of water were removed. At 12% moisture content, product flow 
rate was approximately one-half ton per hour. 



MOISTURE DEHYDRATOR TEST FORM 
Date: 8- I 3- 9 8 Tech: 

Customer: Ambient Temp: $0 
Rel. Humidity %: (p6 78 

Heater I: 
Heater 2: 
Heater 3: 
Heater 4: 

Product: 

I 
I 

bv 

o/u 

Product Input Temp. (degrees F):(l Last Sample Temp.:l 109 I 
Moisture % of Input P r o d u c t : l l  Moisture % of Output Product:[l 

Zone I Conveyor Speed (Hz): 
Zone 2 & 3 Conveyor Speed (Hz): 

Conveyor Angle:l 0,7 I 
incline or Decline - 

ZONE 2 

Heater 21 : 
Heater 22: 
Heater 23: 
Heater 24: 

ZONE 3 

Heater 31: 
Heater 32: 
Heater 33: 
Heater 34: 

Heater 25: 
Heater 26: 
Heater 27: 
Heater 28: 

Time OFF 

El 

Heater 
Heater 
Heater 
Heater 

, Gas Press.(WC") 
V I  

Height of Heaters m 

Gas Press.(WC") 
I T 7  

Height of Heaters m 

Product Depth: wl 



MOISTURE DEHYDRATOR TEST FORM 
Date: f -1.3 - y e  Tech: 

Customer: d/CS Ambient Temp: 
Rel. Humidity %: 

File Name: sgw// Product: 
Test#: 15” I‘ . 

Damper I : 

Damper 3: 

Damper 54 I 0 (3 I%OPEN 
%OPEN 
%OPEN 

Damper 6: 
Damper 7: 

%OPEN 
%OPEN 

Damper 8: 
Damper 9: 

%OPEN 
%OPEN 
%OPEN 

Damper I f :  
Damper 12: 

t 

Damper 13: 
Damper 14: 
Damper 15: 
Damper 16: 
Damper 17: 
Damper f8: 
Damper 19: 
Damper 20: 
Damper 21: 
Damper 22: 
Damper 23: 
Damper 24: 

I%OPEN 
IC) I%OPEN 

=I%OPEN 
f;) I%OPEN 

=(%OPEN 
%OPEN 
%OPEN 
%OPEN 
%OPEN 
%OPEN 
%OPEN 
%OPEN 
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5. TECHNICAL BULLETIN 
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' The infrared energy emitted by a surface, per unit time 
and per unit area, depends upon the nature of the sur- 
face and upon its temperature. At low temperatures the 
rate of radiation is small and the infrared energy is chief- 
'.# of relatively long wave lengths. As the temperature is 

,creased, the rate of radiation increases very rapidly, in 
proportion to the fourth power of the absolute temperature. 
For example, a gold block at a temperature of 212OF 
(672OR), radiates about 6 BTUlHR from each square foot 
of its surface. At a temperature of 1000°F (1460OR). i t  
radiates about 273 BTU/HR from each square foot of its 
surface, and at 200OOF (2460°R), i t  radiates about 21 96 
BTU/HR per square foot. This rate is 360 times that at 
a temperature of 212OF. 

At each of these temperatures the infrared energy 
emitted is a mixture of waves of different length. At a 
temperature of 572OF the most intense of these waves 
has a wavelength of about 2 x lo4 in. It is evident that 
as the temperature increases, the rate of emission in- 
creases and the wavelength of the most intense wave 
becomes shorter, and at temperatures in excess of 
1400°F, a body emits enough visible radiation to be self- 
luminous, and appears "red hot." 

It has been found that a good absorber is a good emitter, 
in fact the emissivity and absorptivity of a surface are 
equal, differing only in direction. The best emitter will be 
that surface which is the best absorber. But no surface 
can absorb more than all of the infrared energy which 
strikes it. Any surface which does absorb all of the inci- 
'?nt energy will be the best emitting surface possible. 
Jch a surface would reflect no infrared energy, and 

hence would appear black in color thus the name "black 
body" (Provided its temperature is not so high that it is 
self-luminous.) The emissivity of a perfect black body is 
equal to unity; aJl real substances have an emissivity less 
than 1, varying from zero to 1. Emissivity varies with 
temperature. 

OPERATING PRINCIPLE 
The fuel enters the back of the air tight heater pan and 

is dispersed through a catalyst pad (at the face). At the 
same time oxygen from the air diffuses through the 
catalyst pad from the front and where they meet oxida- 
tion, (counter current combustion), occurs and hence a 

CATALYTIC COMBUSTION 
The complete combustion of methane gas is- 

catalytic combustion below the flame ignition temperature 
of the gas is experienced. This reaction, which is 
stimulated by the promoted platinum catalyst, occurs 
below the normal flame ignition temperature of the gas 
therefore there is no flame involved in the combustion 
process. 

Once the oxidation starts, the action is continuous and 
there is very little chance. i f  any, that the process will stop 
as long as there is no interruption of the gas or air supply. 

HOW IT WORKS 

A. Fuel enters the gas tight pan (1) through the orifice in 
back. 

6. The fuel is dispersed by means of the dispersion plate 
(2) which has a series of holes in it. 

C. The fuel then passes through an insulation pad (3) which 
serves two purposes. First, it restricts the heat from be- 
ing transferred to the back of the heater. Secondly, it 
aids in the dispersion of the gas by acting as a 
resistance to flow. 

D. The fuel next enters the catalyst pad (5) which has been 
pre-heated by the electrical element (4). The startup ele- 
ment can be either a 12V. 12OV, 240/480V system. 

E. Oxidation occurs where the fuel and oxygen from the 
air meet within the catalyst pad. The catalyst pad is pro- 
tected by a wire mesh screen (6) which in turn is re- 
tained in place by the trim (7). 

I CH, + 20,- - - CO, + 2H,O 

The complete oxidation of CH, is shown in the following 
formula. 

H,O 

0 .o 
H - C-O-<, 

H 

ti - C -  H-H - C -  H-H - C - 0  H 
H 0 
I (0) I 0' 

I I 
H H 

u9 
Methone Methonol Formaldehyde Formic Acid Corbon 

Dioxide 

HEATER SHAPES 



Interest in infrared energy as an indus- 
trial tool has increased tremendously 
in recent years with many new and 
unusual applications. However, 
even the most basic principles 

g o v e r n i n g  i n f ra red  energy  
applications are rather complex but 

the possibility of unusual and unique 
applications are legion. 

Infrared energy, like light, is electromagnetic wave 
energy, travels in straight lines at 186,000 miles per se- 
cond, casts shadows, may be transmitted, absorbed or 
reflected by matter, may be focused or dispersed by 
lenses or prisms of proper material; in fact it has many 
of the same properties as.light waves except i t  has a 
longer wave length. (See Figure 1.) 

ELECTROMAGNETIC SPECTRUM 
WAVE LENGTH SOURCE 

' MI 

I FT 

IN. 

1 3'") CURRENTS 

IN CIRCUITS 
TV, FM 

FIGURE 1 

The presence of infrared energy is practically undetec- 
table except for its effectiveness in raising the temperature 
of matter when it is absorbed. A source of infrared energy 
floods the area around it with energy in just the same way 
light floods the area with light. The intensity of the infrared 
energy varies with the square of the distance as does light 
and i t  travels any distance without loss as long as it does 
not meet with matter which absorbs it. The absorption of 
infrared energy by various materials is a specific property 
of each material; certain wave lengths will be absorbed, 
some to a considerable extent, others less and some very 
little or not at all. Thus each substance has an infrared ab-. 
sorption spectrum which is characteristic of that 
substance. These have been determined for a great many 
substances and can be found in an atlas of infrared 
qbsorption spectra. Thus the absorption of infrared energy 

highly selective which leads to the possibility of many 
selective applications, a possibility not open to other forms 
of healing. By selection of proper substances to act as 
a filter between the source and object to be heated, it is 
possible to filter out all but the desired wave lengths 
required to heat certain substances in a mixture. 

Wave lengths of infrared rays are described as either FAR 
(long) or NEAR (short). NEAR infrared is a short wave 
length which is nearest to light s&h as is generated by 
an electric bulb with temperatures of as high as 4500OF. 
Much of this energy is light of short wave length and, as 
such, is much more easily reflected. The small part which 
is absorbed, is re-emitted as longer wave length light 
rather than heat. It is true that a portion of i t  is converted 
to heat, but much less than the longer wave lengths. 

FAR infrared is a longer wave and is the farthest from 
light. It is much more readily absorbed by most materials. 
CIS Flameless Gas Heaters are low temperature FAR in- 
frared emitters. Consequently, they are excellent for 
heating, drying and curing at much lower cost than the 
NEAR infrared emitters. 

According to the Atlas of. lrifrared absorption Spectra, 
the following graph shows how thft absorption of the in- 
frared energy is related to the wave length. Notice that 
as the wave length increases the Y o  absorption also 
increases. 
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With a peak emission of 4 microns (at 85OoF), CIS Heaters 
are among the most efficient of Infrared Heaters. 

The graph below shows a comparison of emitted wave 
lengths of three different types of infrared generators. 

RADIANT ENERGY 

100 
1. Infrared Lamp 

3 CIS Gas Heater 
80 2 ElKtrk Sheath Wire 

% 60 

40 

20 

0 

O/o RADIANT ENERGY ABSORBED BY WHITE BOX 
30% 1 Peak .7 microns infrared lamp 430OOF - 
70% 2 Peak 3 microns electric sheath wirel350OF - 
90% 3 Peak 4 microns CIS Gas heater 85OOF - 

PRODUCTACCEPTANCE 
0-2 - 2% - Poor absorption 
2-4 - 35% - Fair absorption 
4-7 - 90% - Excellent absorption 
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, CIS HEATERS ARE SAFER 0 

Heal produced by catalytic reaction provides a safety factor that 
cannot be obtained with a flame, lamps or quartz tubes. Direct 
applicalion of heat by flame in Ihe presence of flammable materials 
is unthinkable. Broken lamps or tubes present the hazard of 
explosion in addilion lo cleanup problems and the possibility of 
malerial spoilage. CIS Heaters introduce heat directly and safely. 

CIS HEATERS ARE FAST 
Because CIS Healers emil infrared they heal objecls and not air. 
You realize a much faster temperature rise of your product. 
CIS FLAMELESS HEATERS OPERATE CLEANLY 
Because there is no flame, CIS Heaters operate without leaving the 
carbon deposits normally associated with flame. Because there are 
no blowers necessary lo circulate the air when using CIS Infrared 
Heaters. dust and dirt will not settle on your product. 

* CIS HEATERS PAY FOR THEMSELVES 
Because of the low cost of gas (as a fuel) CIS Heaters show a very 
short payout. 

Most forced air systems are associated with considerable noise. 
Working around a CIS Infrared Heating System is quiet and allows 
personnel lo get their work done under better working conditions. 
There is no visible light in connection with CIS Heaters thus 
eliminating distraction and eye st!ain. 

* CIS HEATERS ARE MAINTENANCE FREE 
Because of the lack of moving parts there is little i f  any maintenance 
lo consider in your operation. The catalyst within the heater is not 
consumed in the operation. 

, 

, 
* 

, 

* CIS HEATERS ARE SILENT 0 

e 

* 

CONVERSION OF KILOWATTS TO BTU 
1 K.W. = 3412 BTU 

PROPER FUELlAlR MIXTURES 
CU. FT. AIR/ 

GAS BTUlCU.FT. CU. FT. GAS 
Natural Gas 1000 9.53 
Propane 2520 23.40 
Butane 3260 30.00 

CIS HEATERS ARE CONTROLLABLE 
CIS Heaters may be controlled thermostatically for space heating 
and controlled through the use of highly accurate temperature con- 
trollers for industrial process ovens. 
OPERATING PRESSURES 
It  is important that the following operating pressures be maintained. 
Natural Gas - 3%" Inch Water Column = 2 oz.lin' 
Propane-Butane - 11 Inch Water Column = 6.3 oz.lin' 

QUAUTY CONTROL (100%) 
CIS Heaters must all pass rigid inspection to assure that all meet 
the high workmanship standards'which have always been impor- 
tant toClS. Each and every CIS Heater is also operated and checked 
for performance before it can leave our plant. 

CIS products are the result of extensive laboratory and field testing. 
All products are designed according to strict engineering re- 
quirements. CIS maintains both an engineering desighdepartment 
and an engineering test laboratory. 

CATALYST UFE 
With reasonable care the catalyst should last for an extended period 
of years. 
SAFETY 
CIS Healek are extremely safe and may be operated in hazardous 
areas. 

RESEARCH & DEVELOPMENT 

USEFUL TECHNICAL INFORMATION 

DILUTION REQUIREMENTS: 
Ventilation required to dilute the CO, in the products of combus- 
tion to less than 5000 ppm. assuming 600 ppm CO, in the supply 
air. 

NATURAL GAS: 
227 CFHll000 BTUH 
3.8 CFMll000 BTUH 

PROPANE GAS: 
273 CFHll000 BTUH 
4.55 CFMll000 BTUH 

If these requirements are satisfied, CO, concentration should 
never exceed 20 ppm. 
Sections marked with asterisk(') have been computed using the 
appropriate resistance value (R), or have been determined from field 
practice. All other portions are abstracted by permission from 
HEATING VENTILATION AIR CONDITIONING GUIDE 1958, 
Chapter 9. 

Providing better answers for your process  heating needs.  
APPROVALS: FX-N and FX-LP models are approved by: Factory Mutual 
Engineering Division for use in Class I ,  Division 2, Group D hazardous areas. 
The Canadian Gas Association has approved usage in Class 1, Division 1 and 2, 
Group D hazardous area. 

9188 PPI - PRlNTFn IN I I  S A 



6. LISTING OF MARKET POTENTLAL 



MARKETS FOR DEHYDRATION EQUIPMENT 

I. Forest Products Industry 

A. Particleboard plants 
B. Waferboard plants 
C. Flakeboard plants 
D. Strandboard (O.S.B.) plants 
E. Medium density fiberboard (M.D.F.) plants 

1. Overlayment & lamination drying 
F. Fuel preparation for solid fuel burners 
G. Fireplace log extruders 
H. Wood pellet plants 
I. Charcoal briquets (Kingsford) 
J. Pre drying 

11. FoodIndustry 

A. Spent coffee (Le.) Folgers 
B. Spent tea leaves (i.e.) Nestle 
C. Bakerywaste 
D. Vegetable canning waste 
E. Crab and shrimp waste 
F. Texturized vegetable protein ('I") 
G. Fish oil extraction (Menhaden) - 
H. Parboiledrice 

111. AIzriculture Industry 

A. Alfalfa pelleting plants 
B. Smallgrains 

1. Wheat 
2. Soybeans 
3. corn 

C. 'Pineapple waste 
D. Kelp - seaweed 
E. Taro root (poi) 
F. Sugar - cane and beet residue . 
G. Cereal grasses 
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IV. Chemical Processing Industry 

A. Polyvinyl chloride pellets (PVC) 
B. Carbon black 

V. Brewing and Distillation Industry 

A. Brewers grain (beer) (i.e.) Pearl 
B. Distillers grain (D.D.G.S.) 

1. Ethanol plants (Le.) A.D.M. 
C. Wineries - grape and apple pomace (Le.) Gallo 

VI. Paper and Pulp Industry 

A. Sludge 
B. Boiler Fuel (bark, et al) 

VII. Animal Industrv 

A. Dried poultry waste (D.P.W.) 
B. Manures 
C. Beddinflitter 
D. Poultry feathers 

VIII. Horticulture Industry 

A. Peat moss 
B. Compost 
C. Hydroponic waste 

E. Municipal 

A. Solid waste (MSW) 
B. Sewage (milorganite) 
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7. PROJECT COMPLETTON 



PROJECT COMPLETION 

The results that we have been able to achieve with the prototype machine have given us the data 
necessary to lead us to the next phase of the project, selection of target applications. We must be 
able to do testing with this prototype to gather the data necessary to design and build systems. This 
equipment will offer a variety of industries an unusual opportunity to reduce operating cost, better 
manage environmental problems, and pay for itself by bringing the benefits that we are seeing to 
these industries. 

In order for us to move to the market, with equipment that can bring the benefits identified to date, 
to these industries, we must have the ability to conduct tests on variety of materials that potential 
customers want to remove the moisture from. The same process occurs here at Catalytic Industrial 
Group, when we design process ovens for paint drying. We have to test the process for each one; 
it is inherent in the nature of infrared. The prototype machine has shown us engineering changes 
that must be incorporated in order for it to function as a process-testing device. The environmental 
testing must also be completed, as well as developing the testing protocols necessary to prove a 
process, prior to-designing and building a production piece of equipment. 

The remaining balance in the grant is inadequate to provide Lignetics, Inc. with the piece of 
equipment anticipated in the grant application. We now know it would require seven hundred fifty 
thousand plus dollars ($750,000.00+) to build that equipment which is more than double the grant 
amount. This in no way diminishes the acceptability of the technology to accomplish the 
dehydration; it merely reflects the results of the development of the system that will accomplish the 
goal. 

Catalytic Industrial Group would like to request a revision of the grant to allow us to use the balance 
of the grant to complete the Engineering and testing of the prototype to give us the capabilities to 
test and then design and build production of equipment. 

Some of the dehydration applications are listed in the market potential section of this report. It is 
our belief that the market for dehydration using this technology is enormous and we are prepared 
to move into the market place with our technology as soon as this prototype can be fully operational. 

It is our belief that the marketing of this type of equipment will also benefit our community by 
increasing our labor force, and increase our company revenues and profits. In the long run, the 
amount of the grant from DOE will be repaid in taxes by our company many times over. The 
conclusion is that without the grant this piece, of equipment might not be available for us to market, 
and so we think that the grant process has worked as it was intended to in this project. 
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