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1.0 EXECUTIVE SUMMARY

Since 1985, Cannon Boiler Works, Inc. has been carrying out research and development
efforts to perfect a system for removing nitrogen oxides, NOx, from the exhaust gases of
furnaces, gas turbines, chemical reactors, incinerators and boilers.Computer simulations,
bench-scale tests and pilot plant testing have proved that the system is capable of
removing substantially all of the NOx from natural gas-fired equipment exhaust streams.

Furthermore when retrofit to industrial boilers, both capital costs and operating costs are

lower than for competing processes, while performance is much better. The Cannon
system for removing NOx, originally designated as the Cannon NOx Digester, has
recently been renamed the Low Temperature Oxidation (LTO) System for NOx and SOx
Reduction. It will be engineered and marketed by Cannon Technology, Inc, a wholly
owned subsidiary of Cannon Boiler Works, Inc. Cannon has U. S. patents for the process

and for the associated equipment and has patent applications pending in Europe.

Following successful pilot plant tests that were concluded in March of 1991, it was
recognized that a full scale demonstration would be necessary before the system could be
commercialized. Because California has implemented the strictest NOx emission
regulations in the United States, the industry in that state offered the best opportunity for
the demonstration. Discussions in California with Cannon’s agent in the Los Angeles area

led to a proposal to Alta Dena Dairy located in the nearby City of Industry. That company

was interested in a NOx reduction system because at that time they were in violation of
the Southern California Air Quality Management District’s, (SCAQMD’s) BACT
Guidelines for boilers, in the burner input range of 4 to 33.5 Mbtuh and consequently were
threatened with a shut down order. The Dairy’s management, however, were unable to
find the financial resources to pay for the Cannon LTO system aﬁd for the demonstration
testing. Southern California Gas Company (SoCalGas), who was Alta Dena Dairy’s fiel
supplier, was approached for help. They pledged some financial resources and arranged a
meeting with  personnel at the U.S. DOE’s Pittsburgh Energy Technical Center (PETC),
late in 1991. An unsolicited proposal was submitted to DOE in the spring of 1992 and that
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was followed by a Cooperative Research Agreement awarded to SoCalGas for the support
of the “Cannon Low-NOx Digester System” with the work subcontracted by SoCalGas to
Cannon Technology, Inc. The award was announced in the Federal Register of August 14,
1992. Engineering was begun immediately, with the project scheduled for completion at
the end of September, 1993.

At the end of the contract period the engineering was completed except for the design of
the control system, most of the materials and purchased equipment was requisitioned and
some of it was delivered, some of the pre-fabrication was complete and all of the funds
budgetéd for the project had been expended. Work continued with Cannon internal
funding until early in November of 1993 when the project was put on hold due to lack of
funds.

A vigorous effort by Cannon to obtain additional funding for completing the project
resulted in: 1) a pledge of additional funding from SoCalGas and 2) a liscencing agreement

with British Oxygen Corporation (BOC). These additional sources provided sufficient

funding to ensure the completion of the demonstration.

During the time that the project was suspended, several engineering changes became
necessary because of boiler room alterations at the Alta Dena Dairy. The project has now
been restarted, all of the additional engineering and 75% of the procurement and has
been completed. The current project schedule shows tests beginning on May 2, 1995
with a project completion date in 1996.

2.0 Description of the Cannon LTO Process

2.1 System Overview

Cannon’s Low Temperature Oxidation, LTO, process has proved effective for reducing

the levels of NOx, CO, CO,, SO, and particulates from boiler flue gases. A schematic flow
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diagram in Figure 1 on page 4 shows the basic elements that are used to carry out the
processes. The principal elements in the system are: 1) a fan, 2) a heat exchanger, 3) an
oxidation chamber, 4) a spray chamber acting as a gas/liquid absorber, 5) a demister, 6)
An ozone generator (ozonator), 7) a liquid oxygen storage or dry air supply system for
the ozonator, ) a chemical storage and metering system for the caustic neutralizer and 10)

a data acquisition and control system .

The fan provides a pressure rise in the gas that just overcomes the combined pressure
drops in the rest of the process elements. The heat exchanger cools the gas to a more
manageable temperature and in so doing becomes a heat source for thermal requirements
in the boiler room or the associated plant. Possible uses for the recovered heat are
feedwater and make-up water heating and domestic hot water heating. The ozone that is
injected into the gas duct is a potent oxidizer. Although most of the pollutants are
oxidized to some extent, the reaction rate of ozone and NO and ozone and NO, are so
rapid in comparison with the other oxidation reactions, that most of the ozone is
consumed in converting NOx to N2Os. This oxide hydrates in the presence of water vapor
in the gas phase to form HNOs and is then scrubbed out of the gas as it passes through the
absorber. The absorber can be constructed as any of a number of possible gas-liquid

contacting mass transfer devices. Possible configurations are cross flow, concurrent flow

or counter flow spray chambers and random packed or structured packed spray towers.

By carefully maintaining the proper pH of the scrubber liquid in a properly designed
absorber, almost complete removal of NOx , SOx and HCI can be assured. At higher

temperatures CO is partially oxidized by ozone to form CO,.
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Figure 1: LTO System Schematic Diagram
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2.2 Chemical Reactions in Gas and Liquid Phases

In the reactor, only gas phase reactions occur; while in the scrubber both gas and liquid

phase reactions occur simultaneously.

2.2.1 Gas Phase
NO + O3 —» NO; + O 1)
2NO; + 05 — N,Os + O, @
N,Os +H,0 — 2HNO; 3)
CO + 0; — CO; + O @)
C+0; - CO+ O &)
N;O + O; - 2NO + O, (6)

An additional reaction of importance is the dissociation of ozone as given by:

0; >0, + O ™)
0+0 > 0 ®)
2.2.2 Liquid Phase

CO, + 2NaOH — NO.,CO; +H;0
2HNO; +Na,CO; — 2NaNO; + CO, + H,O ©)
I‘INOg + NaOH —» N8N03 + Hzo . (10)

2.2.3 Reaction Rates

The rates of production of the higher oxides by ozone reactions can be simplified to the

following expression involving the products of the concentrations of the reacting species:
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dCs/dt = Cix Cx k, (11)

where C; is the concentration of the reacting species, C; is the concentration of ozone, C;
is the concentration of the higher oxide and k, is the rate constant for the particular

oxidation reaction. k, is a function of temperature only, as is indicated below:

k, = AxEXP (E/RT) (12)
where A, a characteristic of the reaction, is a weak function of temperature, E is a
constant for the reaction and R is the universal gas constant. Substituting the expression

for k, from equation (12) into equation (11):

dCy/dt = C;x C,x AxEXP (E/RT) (13)



Cannon Technology

3.0 DESCRIPTION OF TEST APPARATUS AS ORIGINALLY DESIGNED

In the following subsections of Section 2.0, all equipment identification symbols and
location designations refer to those shown on the Piping and Instrumentation Drawing ( P.
&1D.) numbered D7390-1, Rev. H, dated June 26, 1993, which is found in Appendix A.

3.1 The Gas Flow Path

A portion of the flue gas from the existing boiler is returned back to the burner air inlet
through the flue gas recirculation (FGR) duct. This return flow constitutes approximately
15% of the normal boiler flue gas exit flow and is effective in reducing the the thermal
NOx generated in the boiler to a level below 40 ppmv. The remaining 85% of the exhaust
gases, at a temperature of approximately 410° F, pass through a high temperature
economizer HX-50 and leave at a temperature of approximately 267° F. The energy given
up by the exhaust gases heat the boiler feed water, which is returned from the existing
deaerator to the economizer. The gases are then diverted from the stack by the damper
CD 23 and are drawn through a 24 inch tee and enter the fan F-10 through the flow
measuring orifice FE 11. The orifice pressure drop is sensed by the differential pressure
cell DPT-11.2 The fan is driven by an automatically controlled variable speed motor
which supplies a pressure rise of magnitude to just overcome the pressure drop through
the LTO system. Thus the fan is able to maintain normal boiler exhaust conditions. The
gases then pass through a condensing economizer HX-30 which drops the gas temperature
from approximately 257° F to 126° F and condenses approximately 4% by weight of the
water vapor. The waste heat recovered by the economizer is used to heat the make-up
water to the boiler which is then delivered to the deaerator. This is a successful strategy
since the boiler requires 100% make-up water.

The gas leaving the economizer is injected with ozone before entering the static mixer
SM-210, where it is well mixed with the ozone before entering the reactor vessel ND-200.
The reactor is an empty cylinder designed with the dimensions which will give the gas a
residence time of three (3) or four (4) seconds. This is the necessary time period which
insures the complete oxidation of NO and NO, to N,Os, The N,O:s is partially hydrated to
HNO; by the water vapor in the gas and the spray from the fog nozzles at the exit from
the reactor. The gas then enters the vertical spray tower TW-400, where the remaining
N20s and HNO; vapor are absorbed by the circulating spray water. The cleansed gas then
passes through the demister DM-430 before it is released to the atmosphere.

3.2 The Liquid Flow Paths

The scrubber (absorber) tower TW-400 consists of two vertical stages in tandem. The

scrubber liquid ( either water, an alkaline solution, or an acid solution) is circulated in
parallel through the two stages by pump P-410 and the flow is controlled by the valves
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MC-402 and MC-409. The tower’s sump/holding tank shown on the drawing as HT-420
is an integral part of the tower structure. The spray fluid is metered by the turbine type
flow meters FT-401 and FT-408. The pH of the fluid, which is measured by pH meters
PHT-422 and PHT-413, is controlled by adding sodium hydroxide (NaOH) to the

absorbent at the circulating pump inlet.

The sodium hydroxide is stored in the 55 gallon drums CTK-650 and CTK-670 and is
delivered to the scrubber by the chemical pump MP-640. The condensate from the
condensing economizer is delivered by gravity to the holding tank HT-45 and the drainage
from the reactor vessel to the holding tank HT-450. The spent absorbent from the tower
sump, along with the contents of the holding tanks HT-45 and HT-450, is delivered to the
metering tank HT-620 and then to the holding tank HT-610. The measuring tank, HT-
620, is automatically dumped to the holding tank HT-610 when the solenoid valve DCV-
631 is activated by the level control LAHH-621, when the tank is full. The number of
times that the solenoid valve is activated is stored in a counter in the data acquisition and
control system as a measure of the liquid discharged to the sewer. The pH meter PHT-
611 controls the chemical pump MP-660 in order to adjust the pH within the limits
mandated by the public sewer authority. The solenoid valve DCV-615 discharges the
liquid in the holding tank HT-610 whenever signaled by the high level controller LAH-
617.

3.3 The Ozone Supply System

Ozone for the oxidation of NOx is generated on site, using a corona discharge ozonator
with a capacity of 50 Ib. per day of ozone, as a 6% by weight solution of ozone in
oxygen..The ozonator is powered by a medium high frequency, high voltage, alternating
current power supply. The oxygen is supplied by a pressure swing type, adsorbent-bed
plant which separates oxygen from the ambient air.

3.3.1 The Ozone Generator

Oxygen is supplied to the ozonator through the metering orifice FT-527 and the flow is
controlled by valve V-528. The cooling water for the generator comes from the chilled
water system introduced through valve V-534. The cooling water flow is measured by the
flow meter FT-545 as the water exits the generator. The ozone/oxygen mixture is injected
into the boiler exhaust gas through valve V-534 at the inlet to the static mixer. The rate of
ozone supply to the exhaust gas is regulated either by controlling the oxygen flow rate to
the ozone generator or by controlling the corona discharge current, which changes the
concentration of ozone in the oxygen.. The ozone concentration, in per-cent by weight, is
measured with meter 03-539.

3.3.2 The Oxygen Supply System

Ambient air is supplied to the oxygen supply system by the screw type compressor C-500,
operating at 90 psig. Pulsations are damped out in the receiver tank T-510. The pressure
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swing adsorption system consists of four (4) tanks, 02T-512, 522,520 and 523, containing
molecular seives that concentrate the oxygen from the air. The oxygen generator delivers
900 scth of oxygen at a purity of 90%.

3.4 Gas Analysis

Gas sampling ports for NOx measurements are provided at these locations: 1) the
condensing economizer exit (NOx-43), 2) the entrance to the static mixer (NOx-38) and
3) the exit from the scrubber tower (NO-433 and NO,- 439). A chemiluminescent type
gas monitor is used to measure the concentrations of NO, NO, and NOx. The instrument
that is used is a Monitor Laboratory Model 8840, which is now being produced by Lear-
Siegler Corporation. The instrument is direct reading, but also transmits the data to the

data acquisition and control system (D.A. & C.) as a 4-20 ma signal.

The per-cent ozone meter, which measures the concentration, by weight, of the ozone in
the ozone/oxygen mixture injected into the boiler exhaust gas, is an UV absorption type
meter with the model designation HC made by PCI, Inc. It provides a panel indication as
well as a 4-20 ma signal to the D.A. & C. System. The ozone concentration entering and
exiting the ozone destructor is measured by an IN-USA Model IN-2000 UV absorption
meter. This instruments also provides a panel indication as well as a 4-20 ma signal to the
D.A. & C. System.

Electrochemical cells will be used for measuring NO, NO, and ozone concentrations for
control purposes. They will all be EIT Corporation Series 4500 Sensor Sticks with
transmitters to send 4-20 ma signals to the D.A. & C. System.

3.5 Liquid Analysis

The pH of the spray liquid and that of the contents of the chemical holding tanks are
measured with Great Lakes, Model 6028PO transmitting pH meters,whose signals are
transmitted to the D.A. & C. System for processing and storage.

Some external chemical analyses will be made on the scrubber liquids to determine the
exact species of the solutes and their concentrations. These analyses will be done by a
commercial laboratory using ion chromatography.

For several tests, liquid samples will be drawn from the scrubber sump, at measured
intervals, during a period over which the flow rates of all liquids entering and leaving the
sump will be carefully measured and recorded. Chemical tests of those samples will
determine the concentrations of nitrates/nitrites of each and the rate of build-up of those
species in the scrubber sump. This rate can be compared with the difference of the rate of
NOx flow into and out of the scrubber.This comparison will serve as a mass balance on
Nitrogen for the LTO system and will constitute a quality control check on the test data
and/or a physical confirmation of the validity of the process design.
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3.6 The Data Acquisition and Control System
3.6.1 Data Acquisition

The data aquisition and control system is based upon a personal computer with an Intell
486D CPU running at 33 MHz clock speed and with a hard disc drive mass storage facility
and floppy disc I/O drives. Data from all instrument and control sensor transmitters will
be scanned at ten second intervals and temporarily stored. The data needed for control will
be utilized immediately and then discarded. The archival data will be processed to give
averages over an arbitrarily selected time period and the derived data set stored over a
twenty four (24) hour period. Each days data will then be dumped to a floppy disc for
eventual analysis and final storage.

The final demonstration tests of the Cannon LTO System will be witnessed by SCAQMD
personne] and the stack emission tests will be made by an independent contractor, using a
portable laboratory approved by SCAQMD.

3.6.2 Process Control Logic

3.6.2.1 Fan Control Loop

Fan FE-10 is required to move the entire boiler exhaust gas flow through the LTO system
and the system will have an overall pressure drop that is a strong function of the flow. In
order to ensure that the fan operating point is not dictating an excess backpressure on the
boiler, it will be necessary to backfeed the static pressure at the boiler exit. The control
philosophy for this loop is duct pressure feedback. The fan is directly driven by a variable
speed motor controlled by a variable frequency drive. This motor drive has a built in
controller for closed loop fan control applications which will respond to a signal from a
PLC which is proportional to the static pressure deviation of the boiler exit from the outlet
pressure setpoint.

3.6.2.2 Scrubber Sump Level Control Loop

The level of scrubber liquid in the sump is controlled by a modulating makeup valve MV-
424 and a solenoid drain valve DCV-428. The makeup valve opens/closes in response to
the level transmitter LT-423 . Level switch LAH-427 will give a high level alarm
(software alarm) when the sump level is 6 inches below the inlet gas duct level and will
also send an “open” signal to drain valve DCV-428 in case the level transmitter fails to
open the valve. Level switch LAL-426 will give a low level alarm (local and software) and
send an “open” signal to the make up valve MV-424 in case the level transmitter fails to
open the valve. An open overflow line (not shown on P. & 1.D.) at the top of sump HT-
420 will maintain the maximum level in the sump.

10
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3.6.2.3 Ozone Injection Control Loop

The demand signal for ozone injection is derived from the flue gas flow as measured by
the flow measuring orifice FE-11 and the NOx concentration at port NOx-43. The ozone
injection rate is based on the process setpoint (PLC input) parameter of the molar ratio of
ozone to NOx (O3/NOx). This is a feedforward control signal that generates the setpoint
for the ozone generator output controller. The ozone generator has an internal PLC for
simultaneous regulation of O, input and %O; concentration.

The ozone injection control loop is configured to control the scrubber stack NOx levels to
below 2.0 ppmv. The actual NOx and Os; concentrations are fed back to adjust (bias) the
ozone injection output setpoint. In situ analyzers ( the EIT Sensor Sticks) will be used for
feedback control because of their fast response time (10 to 15 seconds). The Senser Sticks
require a minimum oxygen concentration of 5 % by volume; thus precluding the use of the
Sensor Sticks for feedforward control.

The ozone injection control algorithm uses the flue gas mass flow measurement ( pressure
and temperature compensated) from DPT-11.2 and the feedforward NOx concentration in
ppmv from port NOx-43.and the process setpoint O3/NOx ratio to calculate the required
ozone mass flow at any particular boiler load. This setpoint is then biased up or down
from the feedback signals from port NO2-439 to achieve minimum NOx levels. °

3.6.2.4 Scrubber Spray Pump Control Loop

The total flow of scrubber liquid to the nozzles of the scrubber sections is controlled by
the position of control valves MC-402 and MC-409. The flows are measured by the
turbine flowmeters FT-401 and FT-408 (Great Lakes Model F1A11B2/MHF 16H2). The
required flows are used as operator input setpoints for the corresponding control valves.

3.6.2.5 Scrubber Sump pH Control Loop

The pH of the scrubber liquid is controlled by the injection of NaOH from either of the
two chemical tanks (drums). There are two pH sensors in the loop (PHT-413 and PHT-
422), one of them redundant, and they provide the feedback signal to control the caustic
(NaOH) flow. The pH setpoint is an operator input signal.

3.6.2.6 Holding Tank HT-610 pH Control Loop

The pH of the spent liquor to be discharged to the sewer is controlled by the injection of
NaOH from either of the two chemical tanks (drums). The pH sensor PHT-611 provides
the feedback signal to control the caustic (NaOH) flow. The pH setpoint is an operator
input signal.

11
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4.0 PROJECT OBJECTIVES

The principal objectives of the demonstration of the Cannon LTO system at Alta Dena
Dairy are:

L

to show that the Cannon LTO system is capable of removing all NOx pollutants from
the exhaust gas stream of a natural gas fired steam boiler as was indicated by bench
tests, pilot plant tests and process modelling and simulation.

to provide the physical data needed for more accurately designing The LTO system for
both similar sized and scaled up and scaled down systems. The most important
parameters to be fixed are the required residence times for the exhaust gas in the
reactor vessel and the scrubber and the required Os/NOx ratio for complete NOx
removal. When those three parameters are known, the sizes of the reactor vessel and
the scrubber tower can be minimized and the ozone generator sized correctly.

for providing the test data required to optimize the scrubber operation. This includes
the nozzle type, the scrubber liquor flow rate and the chemistry of the scrubber liquor.
to provide the physical data needed for accurately predicting the economics of the
Cannon LTO system retrofit to a natural gas fired steam boiler. Realistic estimates of
both the capital and operating costs are critically necessary in determining the market
potential and the market success of the system.

. to determine the ability of the control system to react to sudden changes in boiler

operation so that NOx emissions are minimized at all times, including startup and
shutdown conditions. The data from non-steady state tests will be used to refine the
control system design. '

to minimize the NOx emissions from the Alta Dena Dairy boiler(s) and thus to provide
the company with NOx Pollution offsets and/or credits.

12
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5.0 Statements of Work

A copy of the Statement of Work from the U.S. DOE Contract DE-FC22-92PC92161 is

found on pages14 through 17. A copy of the Statement of Work from the SCAQMD
Contract S-C93111 is found on pages18 through 22.

Generally speaking, the two above referenced contracts required that Cannon Technology
design, procure and/or construct, install and carry out a series of demonstration tests on a
Cannon LTO System retrofitted to a process steam boiler at the Alta Dena Dairy in the
City of Industry, California. The results of these tests were then to be reported back to the
supporting agencies. The detailed work statements, found on the following pages of this
section, elaborate on those tasks.

13
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2.0

STATEMENT OF WORK

DE-FC22-92PC92161

DENONSTRATION TEST AXD EVALUATION OF THE CARNDN 10W-%D, DIGESTER SYSTEMW

Background

The Pittsburgh Energy Technology Canter has selected for award an
unsolicited proposal from the Southern California Gas Company to install
3 naw technology at the Alta-Dena Dairfes in Los Angeles. Local air
quality regulations mandate a reduction of KO, emissions at the Dajries’
natural gas-fired boiler from the current 85 ppm to less than 40 pp=.
Retrofit equipment will be designed and fabricated by the Cannon Boiler
Horks of New Kensington, Pennsylvania.

The Cannon Low HO, Digester system involves cooling the flue gases in a
combustion air preheater, and the subsequent injection of ozone from an
ozone generator. In passing through-a reaction vessel, the insoluble
oxides of nitrogen in the flue gases are converted to nitrogen pentoxide,
which is removed by means of a water spray. The ‘resulting acidic
solution s neutralized continuously with a base to form a weak salt
solution that can be discharged to the sanitary sewer. Tests conducted
previously by Cannon indicate that the ramsnant KO, effluent might be as

‘I_oy as 2 ppw.

Scope of Work

The Cannon Low-NO, Digester treats the flue gases from a boiler to reduce
the level of NO, to a low, residual level. Although the system removes
S0, also, the boiler selected for this project is fired on natural gas,
which has an insignificant content of sulfur. Consequently, only NO,
reduction is relevant to this project.

14
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The project involves retrofitting to an existing boiler the equipment
comprising the Cannon technology: primarily heat exchangers, an ozone
generator, a spray chamber, a reaction chacber, a denister, a
neutralization system and associated instrumentation. After a shake-down
period, the participant will conduct thrae phasss of testing, each of
about one month duration; in addition, thare will be approximately four
months of monitored, routine operation of the boiler. The entire
project, including design, fabricatfon and installation of equipment,
will occupy about one year.

2.1  Task 1: Retrofit & Preparation

The participant shall design, fabricate and install at the Alta-
Dena Dairies a1l eguipment comprising the Lew-N0, Digester Systen,
as well as the accessories and instrumentation needed to perfora
the proposed demonstration and testing. Following the
installation work, fnstruments shall be calibrated and shike-down
procedures performed i{n preparation for test runs.

2.2 Jask 2: Phase I Testing

In order to establish a record of base-l1ine conditions
before application of the Cannon technology, the boiler
shall be operated with flue gases passing through the
digester equipment but by-passing the heat exchangers.
The ozone generator and spray equipment shall not ba

activated during this perfod.

2.2.2 Sub-task 2,2: Recuperator Performance Test

Following the base-line test, the participant shall
activate the. recuperators. - Ozone shall not be smployed
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during this test, the purpose being to determine the
performance .of the heat exchangers and the resulting
irprovement fn boiler efficiancy.

2.2.3 Sub-task 2.3: Regulatory Compliance Jest

2.2.4

Subsequently, the full system shall be activated to allow
a K0, emission of 40 ppmv for the remainder of the Phase
1 period; this KO, Tevel corresponds to the maximum
concentration allowed by the South Coast Air Quality
Kanagement District,

Subtask 2.4; Intertn Technical Beport

At the completion of testing in Phase 1, a report shall be
prepared evaluating the perforsance of the Low-NO,
Digester System. Topics of interest include the stabﬂity'
of the system on automatic controls, response to load
changes, and the economics of operating at regulatory
compliance conditions. * The report shall describe the
condition of the ozone generator and the consumption of
oxygen and power.-

The participant shall operate the bofler to emit the
lTowest Tavel of NO, possible at the stack. Parametric
testing shall be used to assess the effects of varying the
water flow rate and droplet size in the spray chanber.
The tests in this phase shall ancompass both a circulating
alkaline solution and external neutralizing of a water

‘spray; several neutralizing agents shall be tested.
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2.4

2.5

2.3.2 Sub-task 3.2; Dotermination of Optimum Conditions

Following the parametric testing, the participant shal]
select the -preferred configuration and operating
conditions for the Low K0, Digester System.and shall

deteraine the sperating vost for the vecommanded KO,
reduction.

Task 4: Rovutine Operation

The boiler shall be operated on a routine basis at the optimum
conditions selected by the participant. During this pericd the
data from the system shall be monitored to check specifically for
unexpected excursions or any degradation {n performance.

Task 5: Phase IIT Testing

Following the period of routine operation, the participant shall
review the configuration and operating conditions selected
previously, and implement any changes that are indicated.

With final operating conditions established, the participant shall
operate the boiler for a period of demonstration. Invitations to
witness the operation shall be fssued to the sponsors of the
project.
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FIELD DEMONSTRATION OF THE CANNON NOx DIGESTER

WORK STATEMENT FOR
CANNON BOILER WORKS, INC.

Emissions control technologies are }}Jaerceived by end users to be capital intensive
equipment that result in reduced boller efficiency and increased operating and
maintenance costs. This perception is (garﬁmlaﬂy true of post-combustion, exhaust
gas after-treatments such as Selective Catalytic Reduction (SCR). CONTRACTOR
has deve‘l:g(ped an exhaust gas treatment technology that appears to offer a viable,
cost-effective alternative for reduction of NOx emissions from boilers. The
objective of this ]fro ect is to demonstrate the Cannon NOx Digester on a 17 million
Btut per hour boiler located at Alta-Deha Dairies in the City of Industry.

The Caunon NOx Digester system is a combination of state-of-the-art heat transfer
technology and aqueons absorber. A finned-tube, high temperature recuperator
cools the exhaust gases from the boiler from about 400 F to about 300 F using boiler
feedwater. The high temperature recuperator is followed by a condensing
recuperator that reduces the exhaust gas temperature to abont 130 F. The
innovation of the condensing recuperator both conditions the exhaust gases for
gg;lvnstrt:ig NOx reduction treatment and recovers heat energy typically lost up
ers X :

The ccoled exhaust gases are mived with ozone in a reaction chamber hat oxidizes
all the nitric doxide (NO) to nitrogen dioxide (NOp) and kigher vrder oxides of
nitrogen. The higher arder oxides of nitrogen, which' are very soluble in water, are
then removed in a downstream spray chamber/absorber. Pilot plant performance of
a prototype system achieved NOx reductions of over 95 percent and NOx emission
levels to about l%ﬂzm. This emissions reduction petformance is comparable to the
performance of SCR,

CONTRACTOR will conduct this demonstration through the following TASKS:

CONTRACTOR will design 2 NOx Digester system for installation on a 17 million

Btu per hour boiler Jocated at Alta-Dena Dairies in the City of Industry. The NOx

Digester design will include: .

11; Development of pracass flow diagrams that specifies all process flowrates
and mass balances for the Alta-Dena site instaliation of the Cannon NOx
Digester systen,

12. Development of general arrangement drawings that lay out NOx Digester
system equipment locations at the site.

13.  System detail drawings that specify systom details for the sit installation,
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14, Development of construction drawinv%s.that specify structural components,
foundation requirements, interfaces with existing site equipment, and other
details r ed for construction and field installation of the NOx Digester
system at the site.

T -F

CONTRACTOR will fabricate and manufacture all components and equipment
reﬁuired for the NOx Digester System to be installed at the site. The equipment
will be fabricated to meet the specifications and design requirements developed in
Taskl. 'The equipment will include the following:

2.1. Heat exchangers - High temperature economizer and condensing economizer

to maximize energy eificiency.

2.2. PFanand fan housing - to maintain adequate draft through both the boller and
the NOx Digo;ster system, .

23. Ozons generator - to provide oxidant to convert NO to water soluble, higher
ordexs of axides of nitrogen,

24. Reaction chamber - to provide for ad;?uate mixing -and residence time for
the ozone to completely react with the NO in the exhaust gas.

2.5, Si)ray chamber - to inject water that will absorb the higher oxides of nitrogen
and to collect resulting aqueous solution.

26. Chemical feed system - to treat and maintain aqueous solution resulting from
spray/absorption chamber.

2.7,  Structural steel - required to support equipment.

2.8. Ductwork and steel - required to re-route boiler exhaust gases to NOx
Digester system.

2.9, Fabricated piping - tequired for NOx Digester system process flows.
2.10. Electrical panel - for process equipment operation and system control.

2,11, Instrument and control package - instrumentation to monitor and control
NOx Digester system., ’

’

TASK3 - FIELD INSTALLATION

CONTRACTOR will construct and install all required NOx Digester equipment at
the site. This on-site construction will include:

3.1.  Site preparation - Preparation of the site to accept the NOx Digester system,
including movin, /or relocating existing equipment, removing insulation
on piping and ducting to prepare for interfacing NOx Digester equipment
wn!’x: existing site equipment, and other activities to facilitate installation of
NOx Digester equipment. .
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32. Foundations - Preparation and installation of foundations to support NOx
Digester equipment, including heat exchangers, fans, air compressor, ozone
generator, reaction chamber, spray/absortion chamber, demister, and/or
other system equipment requiring foundations,

3,3, Structural steel - Installation of strﬁcmral steel supports for the NOx
Digester equipment fabricated in Task 2.

Equipment installation - Installation of the NOx Digester system, described
in Task 2, gt the site, &

35  Piping installation - Installation of piping required NOx Digester system,
inc the economizers, water spray system for spray/absorption chamber,
chentical treatment system, compressed air, and other systems. )

36  Electrical installation - Installation of all electrical components and witing
for the operation and control bf the NOx Digester system,

3.7 Instrumentation installation - Installation of all fnstramentation required to
operate, monitor, and control the NOx Digester system.

34

TASK 4 - TART-UE

CONTRACTOR will start-up the NOx Digester system to verify that all
com_ﬁgnents are operahnipmperl ang to design specifications established in Task
1. This will include the heat exchangers (economizers), fan, spray systems in the
spray/absorption chamber, control systems, ozone generator and monitor, and air
preparation system. Start-up will include debugging of the system to adjust and/or
repair equipment as necessary to achieve proper operation of all components.

TASK 5 - BASELINE TESTING

CONTRACTOR will conduct a 30-day, shake-down test of the NOx Digester system
at the site. This will include the following:

51, CONTRACTOR will document uncontrolled boiler performance during the
first week of testing. This will be accomplished by d the boiler exhaust
gas to bypass the economirers and to pass through the NOx Digester, but
without operating the ozone generator or water spray mtem. The objective
of this testing is to provide an accurate basis with which to compare and
evaluats the §Qx Digester system when it is ﬁ:llryogper.ahoml: The following
test data will be recorded for the entire test period using a digital computer-
based control and data acquisition system.

- Temperatures of the exhaust gas stream at five locations between the

boiler outlet to the stack.
. Exhaust gas volume flow rate : .
.- NOx concentrations at the entrance and exit of the reaction chamber.
- Ozone concentrations at the entrance and exit of the reaction

ber,
- Ozone concentration at the stack exit.
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Water flow rate fo the spray chamber.
Water pressure at the spray nozzles.
pH of spray solution, .
pH of solution in holding tank.
H of recuperator condensate.
‘emperature of recuperators’ inlet and outlet gas streams.
Pressures at five locations along the duets.
Blectrical energy used by the system.
Water quantity used by the system. )
Time and date clock to corrélate performance parameters with time.
Elapsed time meter.
Steam flow rate.
Feed water flow rate.
Make-up water flow rate. - )
For selected test periods, Oxygen (07&)' Carbon Monoxide (CO), and
NOx will be measured at the stack ext

52, CONTRACTOR will activate and évaluate system recuperators during the
second week of baseline testing, The objective of this test period is to
determine the heat exchanger performance and - boiler efficiency
m?mvbment. that results from the recuperators, All test data listed in

subtask 5.1 will be recorded during this second week of testing.

53. CONTRACTOR will adjust the NOx Digester system to achieve NOx
emission levels of 40 Fpn} %con'ected to 3% O3) and operate the system for
the final two weeks of this baseline evaluation period. The objective of this
testing i to evaluate system performance at conditions that comply with
District Rule 1146, All test data Hsted in subtask 5.1 will be recorded during
this test period. The results from this test period will be evaluated and an’
economic analysis of the m opcrating costs to maintain compliance will
be summarized by the CO R in an Interim Technical Report.

4 3 % 1 ¢ 4 ¢ % s 0 2 1] “« 8

TASK 6 - CANNON NOX DIGESTER SYSTEM OPTIMIZATION
CONTRACTOR will gptimize the NOx Digester system to operate at the minimum
achievable NOx emissions, with the goal being less than 2.0 ppm (corrected to 3%
02). The duration of these tests {s about three weeks. All test data listed
in csi-ugetask 5.1 will be recorded during this test perfod. The optimization tests will
include:

61  Spray/Absorption chamber experiments - CONTRACTOR will determine
optimum water spray rates and droplet size. Water flow rate will be
timized by virying the mumber of nozzles installed in the sptéyﬁ,system.
-[S’g'ray' droplet size will be optimized by changing spray nozzle orifice sizes

and nozzles pressure.

62  Neutralizing methodology tests - CONTRACTOR will evaluate several
nentralizing agents that can be used as to either neutralize a water absorbent
spray in a separate process outside the spray/absorption chamber or to
create a basic solution to be used as the absorbent in the s%my absorption
chamber, Based on the results of these tests, CONTRACTO select the
optimum, costeeffective neutralization scheme to be used for long term
operation of the NOx Digester system.
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TJASK7- LONG TERM TESTING AND MONITORING

CONTRACTOR will establish optimum, minimum NOx operating conditions to be
used for the long tarm operation of the NOx Digester system based on the results
from Task 6, The NOx Digester will be operated by the site and monitored for &
period of about nine months to demonstrate long term performance of the system,
All test data listed in subtask 5,1 will be recorded during this test period.

At the end of this long term operaﬁxgngletiod, CONTRACTOR will conduct 2 30
day test period of the system to make adjustments to the gstem as indicated by
the long term data and operators' experience; CO. OR will coordinate
testing from an independent, third party testing organization, witnessed by District
personnel to verify final system performance,

TASKS- REPORTING

CO_NEL'RAC'I‘OR shall prepare and submit the following reports documenting this
project:

8.1, Monthly progress reports (2 copies) due by the 10th day of the month
following the reporting period. ~ The progress reports should include the
following information:

a. Reference to District contract number and title of project.

b. Reporting time period (month, year), )

(\ Deseription of work completed during the reporting period, including
design; fabrication; installation; testing completed and any available

. test results; problems encountered and how those problems were

resyl.\gd; progress of subcontracted efforts; and other relevant
activities,

d. Disceussion of work planned for the next reporting period.

e.  Discusslon of project status with repect to time schedule and steps
being taken to resalve any delays.

f Dizcussion of cost status with respect to budget status and work
completed to date, costs to date, explanation of any overruns, and
steps being taken to bring costs back into line,

82 Interim Technical Report (2 cogiesﬁsubmitted no later than one month
following eomlfletion of Task 5. e Interim Technical Report should
provide the fo! 9wing information:

a. Test planned for the baseline evaluation of the NOx Digester system.
b Discussion of tast actually completed with an explanation of any
deviations from the test plan.
- ¢ Presentation of all available test results and measurements including,
as applicable, tgra\phiml data presentations. . . .
d Discussion of test results, including observations during testing,
roblems encountered, and explanation of any data inconsistencies,
Economic analysis of the NOx Digester based on the operating costs
required to meet District Ruls 1146 emission limits,
Appendix'of all data collected during the tests,

]

re
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6.0 PROGRESS REPORT FOR THE PERIOD OF THE CONTRACT

6.1 Tasks Completed During Contract Period

During the contract period from September 30, 1992 to September 29, 1993, the
following tasks were completed:

Heat and mass balances for the Cannon LTO System were created.

The engineering was completed except for the data acquisition and control
system

The P.& LD. and the system layout drawings were made.

Materials for construction were ordered and delivered.

75% of the in-house manufacture of system components was accomplished.
100% of procured items were selected.

80% of component procurement was accomplished.

. Installation of a flue gas recirculation system on the Alta Dena boiler was made
by a sub-contractor.

N

el A

Although the completion of all of the above tasks was necessary before the system could
be installed at the Alta Dena Dairy, none of those were specifically spelled out in the
PETC Work Statement. The manufacture and procurement were approximately 80%

completed, but installation of the Cannon LTO System had not begun when the project
was halted.

The tasks that were completed or were at least 75% complete comprise tasks 1 and 2 in
the SCAQMD Work Statement

6.2 Project Progress Reports

Copies of the Project Progress Reports submitted to SoCalGas and SCAQMD covering
the period from September 30, 1992 to July 31, 1993 are found in Appendix B.

6.3 Project Activity Following the End of the Contract Period
6.3.1 Project Progress From September 29, 1993 to November 30, 1993

Work was continued, at no reduction in pace, until the end of November, 1993. At that
time all of the money that had been committed for the project had been expended and
Cannon had carried the project, using its own resources, as far as the company’s financial
condition would permit. By that time it had become apparent that projected changes in the
Alta Dena Dairy boiler room would require significant alteration of the LTO system
layout. The project was then suspended in November of 1993 until new financial support

could be arranged.
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6.3.2 Packed Column Optimization Project.

In December of 1993, Cannon Technology and Carnegie Mellon University, with support
from the Ben Franklin Technology Center of Western Pennsylvania began a project to
optimize the design of packed columns used for NOx removal from flue gases. The results
of the project was an optimization package that, when applied to one specific example of
NOx control for a nitric acid plant, found a design with a 25% cost improvement. This
was reported in a paper by Suchak and Diwekar at the AIChE Spring Meeting on April
20, 1994 in Atlanta, Georgia. .

6.3.3 Slip Stream Tests at Duquesne Light Company’s Elrama Power Station.

Cannon Technology, Inc. proposed to Duquesne Light Company on January 19, 1993 that
a slip-stream demonstration of the Cannon LTO System be carried out at the Elrama

Power Plant.

On March 16, 1993, Cannon received from Duquesne Light Company a letter of intent to
proceed with the preliminary work for the proposed demonstration and agreed to enter
into negotiations to procure the said demonstration of the Cannon LTO System in a test
series using a slip stream from the 501 Scrubber duct at the Elrama Power Plant, in
accordance with Cannon’s proposal. Subsequent contract negotiations resulted in a fully
funded project through a contract, dated September 21, 1993 and amended on May 16,
1994, entered into by Cannon Technology and the following electric power companies:
Duquesne Light Company, Metropolitan Edison Company, Pennsylvania Electric
Company, Allegheny Electric Cooperative, Inc., Pennsylvania Power and Light Company
and Philadelphia Electric Company. ESA, Inc. was selected as the sub-contractor for
emissions testing. The test loop, the ozone generator, the loop jnstrumentation and ESA’s
emissions testing trailer were installed at the plant site and start-up procedures, which
included instrument calibration and system de-bugging began on June 6, 1994 and was
completed on June 14. Following a planned station outage, the regular testing program
began on June 23 and was completed on July 22. At the request of Duquesne Light

Company, two additional tests were run. A high temperature test was run on July 26 and

a test, with lime slurry as the scrubber liquid, was carried out on July 27.
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The test results indicated the following:

high removal rates of NOx pollutants from the exhaust gases of the coal-fired
utility boiler under certain operating conditions,

the ability of the system to operate at 300 F (which is the temperature of the
exhaust gases leaving the ESPs) with a small penalty in additional ozone
consumption,

that neither carbon monoxide and sulfur dioxide gases or carbon particulates have
significant effects on ozone consumption,

that lime slurry is a suitable absorbent for N,Os,

that there is no deterioration of scrubber performance due to the simultaneous
absorption of N,0s and SO, in either NaOH solutions or lime slurries.

the effect of the pH of the scrubber liquid on the absorption of NOx is negligible.
the principal constituents of the scrubber effluent, calcium and magnesium sulfites
and nitrates are both useful and possibly economically exploitable.

the SOx scrubbers for coal fired utility plants act as ozone distracters since ozone
oxidizes the sulfites to sulfates.

Stone and Webster’s economic evaluation of the Cannon LTO process, applied to
a full scale retrofit installation at the Elrama Power Station, reported a cost
effectiveness for NOx removal at $2230 to $3130 per ton of NOx removed. With
the recovery of nitrates, saleable as fertilizer, the cost could be reduced to as low
as $1200 to $1400 per ton of NOx removed.

6.3.4 Extension of SCAQMD Contract

On May 19, 1994, two amendments to the original contract with SCAQMD extending the

time of project performance through April 28, 1995 were received by Cannon. The

amendments expressly exempted SCAQMD from further financial obligation beyond that

set forth in the original contract.
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7.0 FINANCIAL SUMMARY
7.1 Overview

The contracted price for completion of the Demonstration was $356,251.00. These funds
were to be shared among five (5) interested parties in the following distribution:

U.S. DOE (Pittsburgh Energy Technical Center) $90,000
Southern California Gas Company 60,000
Alta Dena Dairy, City of Industry, CA 60,000
Southern California Air Quality Management District 30,000

Cannon Technology (Division of Cannon Boiler Works) 116,251
Total $356,251

On September 29, 1993, the end of the contract period, the expenses had accrued to the
amounts shown:

Engineering Costs $23,046
Shop Labor 25.809

Sub-total Labor $48.855
Fringe Benefits 12,702

Sub-total Salaries and Wages $61,557
Procurement 193,409
Miscellaneous 1,500
Contractual . 36,460

Total before General and Administrative $292,926

General and Administrative (30.6%) " 89,635
Grand Total $382,561
Budget 356,251
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The contribution of each participant and their share in per cent was as follows:

U.S.DOE $90.000 23.5%
SoCalGas 60,000 15.7
Alta Dena Dairy 60,000 15.7
SCAQMD 27,000* 7.1
Cannon Technology 145,561 ** 38.0
Totals $382,561 100.0 %

Notes: * SCAQMD paid only 90 % of its original commitment. The remainder is being
held until project is completed.

** The amount of $26,310 which was the excess of expenses over the original
estimate (contract price), and all subsequent expenses until October 1994, were
absorbed by Cannon Technology. As of May 31, 1994 the excess stood at
$87,637 making Cannon’s total contribution to the project $202,714.

7.2 Close-out Financial Forms
The following relevant documents are found in Appendix C:

Copy of Standard Form 424A, Budget Information from DOE Award document.
Standard Form 269, Financial Status Report

Standard Form 270, Request for Advance or Reimbursement
Table 1, spreadsheet showing each participants portion of expenses

7.3 New Financing For Project Continuation

From December, 1993 until September of 1994, Cannon Technology carried out an active

search for the additional funding required to complete the Cannon LTO System
demonstration at the Alta Dena Dairy. In September of 1994 arrangements were
concluded with two U.S. corporations, who jointly agreed to supply a total of
approximately $250,000 for the completion of all of the remaining tasks in the Statements
of Work included in the Pittsburgh Energy Technical Center’s Award Agreement DE-
FC22-92PC92161 with Southern California Gas Company.
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8.0 PROGRESS REPORT ON ACTIVITIES AFTER SEPTEMBER 29, 1993
8.1 LTO System Design Changes

8.1.1 Overview

The necessity for re-engineering the LTO system offered real opportunities for drastic
improvements. It permitted the lessons learned from the Elrama Slip Stream Test and the
Ben Franklin Packed Tower Optimization Study to be incorporated into that design. It
also gave additional time for a reconsideration of the data acquisition and control system
design and for a final hazmat study. The newly designed system is simpler, smaller, more
efficient and more tightly controlled. Fewer technicians will be required for running the
test program. The system will require less maintenance and operate more reliably than the
original system. An additional opportunity exists because of the addition of a flue gas
recirculation system to the Alta Dena boiler. The Cannon LTO system will now be able to
operate, as originally planned, with the FGR system deactivated or it can operate as a
polishing system with the FGR system in operation.

8.1.2 Detailed Changes in the LTO System

After proposed boiler room changes were announced by Alta Dena Dairy, the LTO system
was re-engineered. The new P. & I.D. is found in Appendix A as drawing number
D-9000-1A. That drawing reveals the following major changes in the system:

1. The oxygen generating plant has been eliminated. The ozonator will now be
supplied with liquid oxygen under a long term contract with a major supplier.
A cryogenic storage tank on site will be supplied by truck.

2. The former reactor vessel has been replaced by a 24 inch round duct
connecting the condensing economizer with the scrubber vessel.

3. The scrubber has been changed from a two stage, vertical , counterflow spray
chamber to a single stage, vertical, packed tower with random packing.

4. The orifice meters for measuring gas flows have been changed to thermal
instruments with inherently low pressure drop.

5. The condensate and spent liquor holding tanks, the liquid discharge measuring
tank and the neutralizing tank have all been eliminated. pH control and spent
liquor discharge are managed through the packed tower sump with pH sensors
and level controllers. '

6. All gas monitoring sensors for measurement and control are now electro-
chemical cells, which have better response characteristics than

chemiluminescent and NDIR monitors. The final test runs for U.S. EPA and
SCAQMD approval will be done by a third party contractor using an EPA
approved portable laboratory.

7. Liquid discharges from the LTO system will now be routed to the Alta Dena
acid treatment station instead of going directly to the sanitary sewer.

28



Cannon Technolo

8. The Alta Dena boiler has been fitted with a flue gas recirculation (FGR) system
in order to bring the NOx emissions below the State mandated level (40
ppmv). That would have been unnecessary had the Cannon LTO
Demonstration Project been completed on time. In order for the Alta Dena
Dairy to continue operation after September 29, 1993, it became necessary to
bring the plant into compliance with current regulations. That was
accomplished by retrofitting the boiler with the FGR system. The Cannon LTO
system will be capable of operating with or without the FGR system being
activated.

8.2 Changes in Test Protocol

8.2.1 Overview

The test program will proceed practically unchanged from that set forth in the SCAQMD
Work Statement found in Section 5.0, Tasks 4 through 7. All of those tasks will be
performed with the FGR system on the boiler disabled. This will be accomplished by
deactivating the FGR fan. Additional tests will be run, however, with the FGR fan
reactivated. Under these conditions the Cannon LTO System will be operated as a
polishing system, removing as much of the boiler generated NOx as is possible.
8.2.2 New Test Protocol

A copy of the latest draft of the test protocol is found in Appendix D.

8.3 New Project Schedule

The latest draft of the new test schedule is found as the GANTT charts in Appendix E.
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9.0 CONCLUSIONS

The conclusions that were drawn from this project, to date, are:

1.

(2

The original project cost estimates were badly underestimated. They were
based upon Cannon’s experience as a manufacturer of thermal systems, but
evidently did not take sufficiently into account the remaining development
costs that would accrue, the cost of engineering and project management of a
totally new and untried system, and the costs associated with administering
government contracts and complying with California’s air quality and
construction regulations. Thus the project was seriously underfunded during the
period of the Contract.

. No financial contingency items were built into the original budget, so that

when changes were made in the Alta Dena boiler room, the costs of re-
engineering the LTO system for those changes were unfunded.

The outstanding success of the Elrama Power Station Demonstration, under
much more severe conditions than those existing at Alta Dena, inspires a great
deal of confidence in obtaining a favorable outcome for the Alta Dena
demonstration.

The demonstration at Alta Dena will be more informative than originally
planned, since the Cannon LTO System will be tested as both a primary NOx
control system and also as a polishing system.

. The project is now on the new schedule (for the new schedule see Appendix F)

and will remain on that schedule for testing to begin on May 2, 1995.
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10.0 RECOMENDATIONS

The next logical step to be taken in the further development of the Cannon LTO System
for NOx and SOx reduction is to retrofit a full scale system to a utility plant. Because the
Cannon LTO System can share an existing wet desulfurization scrubber with the power
station, with no significant modifications required and with no deleterious interaction
occurring between the sulfite/sulfate and nitrate absorptions, the demonstration platform
to be selected should be a power station with a wet scrubber desulfurization system.
Leading candidates should be plants owned by those utility companies that sponsered the
Elrama Slip Stream Test Project (refer to Section 6.3.3) since they are familiar with the
results of those tests and because those companies face a drastic downward revision of
their existing NOx emissions regulations following an expected recommendation of the
Northeast States Ozone Transport Board. It is generally accepted that the required
reduction in NOx emissions will be from a present level of 0.6 Ib of NO, per million
BTUs of thermal input to 0.25 or 0.20 1b/10° BTU.

The Report on the Elrama tests gave an estimate of costs for a full scale Cannon LTO
System, for a utility plant with wet scrubbers, that varied from approximately $2000 to
$3000 per ton of NOx removed. That cost would be reduced if the LTO system were used
as a polishing system, combined with one or more other less expensive but less efficient
NOx reduction systems. Included among the possibilities are low NOx burners, SNCR
systems, carbon reburn systems, natural gas injection system, etc. It appears that an
economic study of the optimum use of the LTO system as a polisher should precede any
full scale utility plant demonstration.

The Report also raises the strong possibility that the Calcium Nitrate might be recoverable

from the scrubber and processed economically for sale. Cannon’s present estimate is that
for he Elrama Power Station that the Ca(NOs), yield could be as great as 17,900 tons per
year. The present bulk market price in this area is over $1000.00 per ton. A feasability
study should be done in conjuction with the LTO system study to determine the net costs
and benefits of the LTO system use in large electric power plants. There are indications
that the processing and sale of byproducts could easily result in a cost for NOx reduction
as low as $1200 per ton of NOx removed.
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APPENDIX A

1. ORIGINAL P. & LD.

2. LATEST P. & LD.

32



Cannon Technology

APPENDIX B

PROJECT REPORTS

SEPTEMBER 30, 1992 TO SEPTEMBER 29, 1993

33



DEAERATOR

EXISTIHG
12 PSI CPERATEG

@

NEW EXISTING

e —— - ———

P-100

; EXISTDSG DA PP
{2zt e

IP -60

mmm
'xi

L____

NEW  EXISTING

?4




&
i

:

THISPHERE
ST FEEn
REFERENCE D
- g 8 D-9000-1C
| |
| |
|
&
L ' ot
: »
|
|
AN

/

——{AQ




4

OZONE FEED >
REFERENCE DWG.
D—-9000-1C

;

y 4
4

£
P 4

y 4
4




fB\ /w\ [6\ /88

\439/ \433/ \436/ \432/

)

2) (s

)6

|

¢




~—-->STEAM T PLANT )

oS ATHOSPHERE.




/

_DEAERATOR ’
12 P8I [PERATIHE
T
- P=100

r | EXISTRS DA PUP
BECs mw

e

2 ! mn}:frtegom
£

' Igi" 1'xr1_| *
k- 1 —%551

N 1 1/2’
b 56
/1 . .

|

|

!

|

l

|

|

|
, i _BOILER
I N T <t} EXISTING

r-120

EXGETRS CTESTIR AR PR

/2’



1} Baae " U Sammmaemany I b3 4 +—L : 1 Y V) i L, [
T L e = | FC
gy Y] —
= K= — | @ B
"1 3002 | - '
Do) | !
L1/ ! AN
(2 )
HX~30

VP-49 (o)

VACUUY PUP
174" x 1/4

0

05

....
9,

l l
SECRIIOCOOLORIEREY
517
|
L1
14

L
SM-210

| 2t ate e

L2

STATIC NDER
Q) 127 x 24'¢
CHEVRON TYPE
MIST ELIMINATOR
= Ha
[ :
ez zuEicy
; B
S N
|
s F———————— .




e S

—

203 200 202
-Dodt-
174

174 (/4

€.

T | ND-200 (

_||| ¥ —5% ' 80X 24'¢ NIx DIGESTER
SM-210 D 2\

STATIC MDER
R (o)
TYPE
INATOR 205 ’ 208/ 504 E
3 Do)
1/4° 174 F
4
- B %El
681 682 641 642
380 3/8' 3/8°  3/8°




3/8°

]
3/8°

- — o — ————

| ‘ VACOH PP s |
PI e
211 .
202 $ E E MANWAYt /N /N /\3
T <ND> <cn> NG
301/ \302/ \303
_SC-445~
STRUCTURED PACKING
l VACUR PUP HX-310
I © SAPLE COOLER
273
| < |
] T MANWAY =
NAS PACKED COLIMN
@ 29'-0')f36'i
201 E
Dot
@ (v (&)
, " ".\@ Fta
—Ji——




| -—OVERFLO% LINE TO

T\
S l MANWAY SYSTEM DRAIN.

A N

NOEEED
. GENERAL NOTES

@ —LAD [1)) REFERENCE DRAWING 9000—1A SYMBOLS AND
TAGCING STANDARDS FOR SYSTEM DRAWINGS.
@ —0D| |2.) REFERENCE DRAWING S000—1B SYSTEM FLOW
] SCHEMATIC AND MASS BALANCE.

PI E 3.) REFERENCE DRAWING 9000—1C OXYGEN AND
OZCNE SYSTEM P&ID.

5.) KEEwENCE DRAWING $000—1D SYSTEM STEAM,

COOLING WATER, DRAIN AND VENT P&ID.

4.) SAMPLE TAPS PROVIDED ON ALL PIECES

OF EQUIPMENT SUPPLIED BY CANNON.
~ cmm~av MTI/NTTIATAAT AN/ TATA




b o e

i 1
!
i —
o
|
|
|
'
®) |
Bl |
: |
l BOILER
R . | EXISTING
1172 1 1/72°
T e
(5=

EXISTHG COABUSTION AIR FaR Nyt
£ xe - ? .
STREATED SGFTENED VATER>— o RS — e
150 151
> POTABLE WATER > :?J {?J—» — (D




N T L

-—-—--——-—-——-———-—-—-—-—-—‘a-

p S

152
11/2'

SM-210
STATIC MIXER
) 12 x 24'¢
CHEVRON TYPE
MIST ELIMINATOR
hrs 2{&:
29
> — R— —
r — (S
6
3/
F————————

CAUSTIC PUMPS TO HAVE

3 SIDED LUCITE SHIELDS.
CAUSTIC LINES TO BE HEAT
TRACED TO MAINTAIN TEMP.
ABOVE 60°F.

PROPER SAFETY CLOTHING
AND HEAD GEAR TO BE WORN
AT ALL TIMES WHEN WORKING
WITH CAUSTIC.

1-670

CAUSTIC DRUM
x /2

MP-
CASTIC

S5 PN
e x 12

33

CHEMICAL PUMPS
HAVE ANTI—SIPHON
AND OVER PRESSURE
CAPABILITIES

4




MAN

$G

429
(e
423

NOTE: PROVIDE AN

INJECTION QUILL

428

FOR CAUSTIC LINE,

/1

_jo_

80 X 24’ NOx DIGESTER

~L

L1
$0¢

205

174*

MP-640

CAUSTIC PU#P

3 GPN
ver xyve

682
3/8°

T-630

CAUSTIC DRUM

x /2




MANWAY

MANWAYl: =
PT PACKED COLUMN
2-0° » 369
18
K
S
S
1172
- @O || g
H-42
HILDIMG TANK
9%’ x W'#
) m

CRE-TS-]
NOTE: PROVIDE AN
INJECTION QUILL
FOR CAUSTIC LINE.

3

&3

1

NS
(oo
()

| —OVERFLO% LINE TO

SYSTEM ODRAIN.

GENERAL

1.) REFERENCE DRAWING 9
TAGGING STANDARDS F(
2.) REFERENCE DRAWING 9
SCHEMATIC AND MASS
3.) REFERENCE DRAWING 9
O7CNE SYSTEM P&ID.

™ NS

S.) RE ERENCE DRAWING &

COOLING WATER, DRAIN

NOTE: PROVIDE A é

4.) SAMPLE TAPS PROVIDE
OF EQUIPMENT SUPPLIE

CANNON TECH!

NEW KENSINGTOMN
CUSTOMLK:

DOUBLE.DRIP PAY ALTA DEN
#ﬁOJECT: ]
NOx DIC
D_-TOALTABENA PIFING_AND INSTRUM
SHOWING ALL
AND SAMPLI
FILE NAME: | C\ALTADENA\SOC
DRAWN BY: DATE_COMPLETE
JES 12/26/94
SCALY JOB_NUMBER
CHK DATE -
1 | REiomD ot wovE | 9000 |l




\

.

i e

_XJ MAI\IEV’AY/
N

|_—OVERFiLO%W LINE TO

SYSTEM URAIN.

GENERAL NOTES

1.) REFERENCE DRAWING 9000—1A SYMBOLS AND

TAGGING STANDARDS FOR SYSTEM DRAWINGS.

2.) REFERENCE DRAWING 9000—1B SYSTEM FLOW

SCHEMATIC AND MASS BALANCE.

3.) REFERENCE DRAWING 9000—1C OXYGEN AND

OZCNE SYSTEM P&ID.

J.y RETEGENCE ORAWING $000—1D SYSTEM STEAM,

COOLING WATER, DRAIN AND VENT P&ID.

| 4.) SAMPLE TAPS PROVIDED ON ALL PIECES

OF EQUIPMENT SUPPLIED BY CANNON.

CANNON TECHNOLOGY, INC.

" HEAD é N NEW KENSINGTON, PA 15068
NOTE: PROVIDE A CUSTOMCK: |
wwerss [ ALTA DENA DAIRY
D - NOx DIGESTER
TO ALTA DEHA Pli-ING AND INSTRUMENTATION DIAGRAM
| SEVER > ACOD TREATUENT SHOWING ALL EQUIPMENT
AND SAMPLING POINTS
] FILE NAME: | C:\ALTADENANS000—1.0WG
_ CRAWN BT DATE_COMPLETE CHECKED BY: DATE_CHECKED
JRS [12/26/94 _
7 S e : ':l'*.l.‘ - JOE MUMBER DRAWING NUMBER REV
R NoMe | 9000 |D-9000-—1 1




) ! . i Cannon PrOJect Progress Repg:t
s w&rﬁw ,*m,i, : ' ' :

”undlng d '”““*Q R S

jource South Coast Alr Quallty Management Dlstmct .
R e TIN e e

Contraét_ DE-Fe22 92P092161 ..ﬁ“# Pro;ect ?

......

! lumber - | SCAQMMD S-C93111"¥H B Tltle

Report ' ; ' Report ON i S
‘eriod 9/30/92 to 12/31/93 Author ‘Wes Rohrer ///ll,/’

Work Completed ' Thé following tasks have been completed. 1) Heat & Mass

»alances compleﬁed. '2) P & ID completed. 3) Major system components

specified and purchase orders sent out. 4) Fan, oxygen plant, ozone

Jenerator completed and awaiting shipment. 5) Heat exchangers being

‘abricated in Cannon’s shops. 6) - - Design completed for reaction chamber,

spray chamber and packed tower. 7) Nozzles, valves and instrument sensors

1ave ben specified. 8) General arrangement has been specified. 9) Three

visits to Alta Dena Dairy.

dork Planned 1) Complete all remaining purchase orders and send to

vendors. 2) Complete the General Arrangement drawing. 3) Complete

fabrication of Heat Exchangers, reaction chamber, spray chamber and packed

tower. 4) Design ducting and piping. §5) Complete control system design;

6) Assemble equipment skids for shipment. 7) Begin writing Start-up

Manual, Operaéﬁons Manual & Testing Manual.

ITime Schedule Status On-time according to our Gantt chart. No bottle-

necks foreseen.




-.Cannon Project Progress Rexort

Funding i

Source South Coast Air Quality Management District
Contract Project

Number DE-FC22-92PC92161 Title Alta Dena Dairy
Report . Report

Period 1/1/93 to 3/1/93 Author Wes Rohrer

Work Completed The following work was complete on March 1, 1993: 1) Two

visits to Alta-Dena Dairy, 2) P and ID for instrument and control system

completed, 3) Instruments are specified, 4) High temperature economizer

fabrication complete, 5) Spray manifolds designed, 6) Fan delivered,

7) Oxygen supply ready for shipment, g) Ozonator nearing completion.

Work Planned | 1) Complete all purchasing, 2) Fabricate condensing economizer

3) Fabricate oxidation and spray chambers, 4) Install high temperature

economizer at Alta-Dena, 5) Design ducting and piping, 6) Complete general

arrangement drawing, 7) Fabricate ducting and piping, 8) Fabricate control

panel, 9) Write start-up manual, 10) Begin Operations and Testing Manuals,

Assemble equipment skids and shipping crates for shipment.

Time Schedule Status Schedule has slipped about three weeks. We will try

to make it up this next quarter.




— Cannon Project Progress Rewnort

Funding

Source South Coast Air Quality Management District
Contract Project

Number DE-FC22~92PC 92161 Title Alta Dena Dairy

Report ' ) Report QX))QLQprb~/C;$V,ﬁLV//
Period 3/1/93 to 6/1/93 Author es Rohrér

Work Completed |The folio&ihg work c6ﬁpleted on June 1, 1993: 1). Completed

all purchasing with the exception of same instruments and controls. 2). Com-

plated fabrication of condensing economizer and the oxidation chamber.

3). Ozone genefator and oxygen supply completed. 4). Finished design of

control system.and specified instrumentation. 5). Finished design of spray

chamber and packed tower. 6). Started fabrication of spray chamber.

Work Planned |1). Complete all fabrication. 2). Ship all components to Alta

Dena. 3). Install complete system. 4). Make equipment checks and attempt

system start-up. 5). Write Test and Procedure Manuals. 6). Write control

code for digital control system.

Time Schedule Status Schedule has slipped approximately 90 days partly due

to delays ‘in transfer of funds from support agencies.
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Cannon Project Progress Repcrt

Funding

Source South Coast Air Quality Management District
Contract Project

Number DE-FC22-92PC 92161 Title Alta Dena Dairy

Report . . Report 576Q4ZLJ/Z//%%pZL91£\
Period 6/1/93 to 7/31/93 Author Wes Rohrer

Work Completed | The following werk was completed in the period ending

7/31/93: 1). All components and system design was complete, 2). Oxidation

chamber and all duct fabrication was completed, 3). All materials and

purchased equipment have been requisitioned, 4). The condensing economizer

has been built, 5). First drafts of the Testing Manual and Start-up Manual

have been compléted,-6). The Bill of Materials has been completed,

7). General Arrangement Drawings are completed.

Work Planned |1). Complete fabrication of Spray Tower, 2). Assemble equipment

skids, 3). Assemble Control Panels, 4). Assemble Master Control System,

5). Program the digital control code, 6). Write Operations Manual, 7). Crate

and ship all material to Alta Dena, 8). Install system at Alta Dena Dairy,

9). Carry out test programs, 10). Write reports.

Time Schedule Status Latest target completion date: October 31, 1993.
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udget, No. PAGES
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OR REIMBURSEMENT Loror | O sovace 8 REMEURSE | OO casn
:AY:ENT B. “X~ the eppllcabls bon
(See instructions on back) = lXJ nmu. 0 PAR'I’IA%_ ﬂ;@ gcrnmé.
EGERAL SPONSORING AGENCY AND ORGANIZATIONAL ELEMENT T0 | 4. FED 8. PARTIAL PAYMENT RE
IDENTI YING NUMBER ASSIGNED NUMBER FOR THIS quussr
wﬂwg Ee'bag?'?meng o??nergy BY FEDERAL AGENCY 02161
Pittsburgh Energy Technical Center DE-FC22-92PC
& ﬁvdan.a'og&sa_m'su' NTIFICATION | 7- SEC}S’Q"‘{% &%c%% g’l‘.mam B 25?::1')) COVERED qu° ':‘HIS R‘E‘S'U;:.'S'l)'
851240705 25-1242492 December 1, 1992 December 31, 1992
® R ORGANIZATION 10. PAVEE (WAere ehack G 10 50 s4nt (3 difsrent than om )
Nems : Southern California Gas Co./ Noms
Cannon Technology
555 W. Fifth Street Nembor
asd St : L0s Angeles, CA 90013-1011 endSirent  :
Y S e - ST ot
11. COMPUTATION OF AMOUNT OF REIMBURSEMENTS/ADVANCES REQUESTED
(a) () (¢)
PROGRAMS/FUNCTIONS/ACTIVITIES » TOTAL
(As of date)
S oiyeiadme 9/29/93 $ 382,561 $ $ s
b. Less: Cumulative program [ncome 382,561
c mt‘ g;omm outlays (Line a minus| -0-
d. Estimated net cash outiays for advance 0
period ~v-=
e. Total (Sum of linas 0 & d) -0-
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i
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L st |
en S P
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susu
I certify that to the best of my knowledgs | FOT' SoCalGas Company
and belief the data abovs ere correct and )
that all outlays were made in accordancs Z
with the grant conditions or other sgree- OR PRINTED NAME AND TITLE J JELEPHONE (AREA
ment and that payment is due and has not Wesley M. Ro rer, Jr. EXTENSION)
been previously requested.- Cannon Technology
This spacs for agsncy use /
270-102 STANDARD FORM 270 (7-76)

Prescribed by Office of Managsmant and Budgst

Cir. No. A=110
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NTS

TEST PROTOCOL
ALTA DENA DEMONSTRATION
OF THE
CANNON TECHNOLOGY LTO SYSTEM

1.0 START-UP TESTS

The system will be inspected for adherence to the installation drawings, the
specifications and the P & L.D. The LTO system will then be started-up exactly as specified
by the Cannon Technology “LTO Start-UP Manual”. This test will verify that all
components have been installed properly, are operating properly and adhere to design
specifications. The components tested will include the two economizers. fan, pumps, spray
systems in the packed tower, ozone generator, ducting and piping, control systems and
instrumentation. Start-up will include debugging of the system to adjust/repair equipment
as necessary to achieve proper operation of all components and the overall system.

2.0 BASELINE TESTING

A thirty day shake-down test will be conducted in three parts as explained below.
During this entire period the following data will be recorded using a digital computer-
based control and data acquisition system:

a. Temperatures of the exhaust gas stream at least five (5) locations between the
boiler outlet and the LTO stack.
b. Exhaust gas flow rate at inlet to the fan.
c. NOx and oxygen (O2) concentrations at the exit of the condensing economizer
and NOx at the entrance to the packed tower.
d. Ozone concentration (in per cent by weight) at the exit of the ozone generator.
e. NOx , O,, CO at the exit of the condensing economizer

NOx, and CO at the entrance of the packed tower

CO, CO,, Oy, 03, NO and NO, at the exit of the ozone destructor unit.

03, NO and NO, at exit of the demister
f. Water flow rate to the packed tower spray nozzles. .
g. Water pressure at the packed tower spray nozzles.
h. pH of solution in the packed tower holding tank.
J. Temperatures of the water entering and exiting the high temperature economizer.
k. Temperatures of the exhaust gas entering and exiting the high temperature
economizer.
L. Temperatures of the water entering and exiting the condensing economizer.

m. Temperatures of the exhaust gas entering and exiting the condensing
economizer.

n. Exhaust gas pressures at three (3) locations along the ducting between the fan

inlet and the demister outlet.



o. Electrical energy (Kw-hr) used by the ozonator, the fan and the pumps.
p- Elapsed time for system operations from an elapsed time meter.

q. Date and time tags on acquired data.

r. Total water used for ozone generator cooling.

s. Total system make-up water supplied.

t. Total water release from packed tower.

u. Boiler feed water flow rate.

2.1 Uncontrolled Boiler Performance Test

For one week of testing the boiler will be operated with the FGR system
deactivated by switching the fan off and closing the FGR duct dampers. The LTO system
will be operated with the ozone generator deactivated, with the packed tower dry and with
no packing installed, and with both recuperators cooling water flows by-passed. The
objective of this testing is to provide an accurate basis with which to compare and evaluate
the Cannon LTO system when it is fully operational.

2.2 Economizer Performance Testing

For one week the system will be operated without activating the ozonator and with
the packed tower dry, but with the water flows restored to the economizers. The objective
of this test is to determine the heat exchanger performance and boiler efficiency
improvement.

2.3 NOx Emissions Compliance Testing*

For the last two weeks of the baseline testing, the LTO system will be fully
activated and the O;/NO molar ratio adjusted to achieve NOx emission levels of 40 ppmv
(corrected to 3% oxygen). The flue gas recycle fan must be turned off and the dampers
closed in order to bring the NOx levels, at input to the LTO system, to the uncontrolled
values. Prior to installation of the FGR system the NOx emission levels were near to 70
ppmv and it is assumed that approximately the same values will be seen during these tests.
The objective of this test is to evaluate system performance at conditions that comply with
SCAQMD District Rule 1146. Test data will be evaluated and used to perform an
economic analysis for determining the system operating costs for maintaining compliance
with District rules.

* Before proceeding to compliance testing, the tower will be operated as a spray column
and the removal of NOx will be studied at different NOx levels and different O3/NOx
ratios.



3.0 LTO SYSTEM OPTIMIZATION TESTS

Following the completion of the NOx emissions compliance tests, the FGR dampers will
be adjusted to maintain a NOx emissions level of 40 ppmv (corrected to 3 % O,) at inlet to
the LTO system and the LTO system will be adjusted to maintain a NOx emission level
of less than 2.0 ppmv (corrected to 3% O,). The expected duration of these tests is three (3)
weeks. The optimization is to proceed by adjusting liquid flow rates to the packed column
and the selection of the best HNO; neutralizing methodology.

3.1 Packed Tower Spray Tests

The optimum flow rates will be determined by varying the flow to the packed tower
nozzles using a bypass valve. The liquid flow will be reduced in steps to determine its
effect on the removal of NOx.

3.2 Neutralization Methodology Tests

Tests will be carried out in acidic and alkaline media. For the alkaline medium, an
alkali (either NaOH or Na,CO5) will be added to the scrubber water and the pH will be
maintained above 7.0. For the acidic medium no caustic will be added and the HNO;
formed in situ will lower the pH below 7.0. NOx removal efficiencies will be measured for
each of the cases investigated.

4.0 LONG TERM TESTING AND MONITORING
4.1 Remote Monitoring Tests

For a period of nine (9) months the system will be operated by Alta Dena Dairy
personnel and monitored in Pittsburgh, PA by Cannon Technology. Data will be
transferred daily to Pittsburgh using non-dedicated telephone lines. The remote monitoring
will establish the operating record for demonstrating the long term performance of the
Cannon LTO system. System upsets and gradual drifts toward non-compliant emissions
can be diagnosed in Pittsburgh and appropriate changes in system operation can be
recommended and the resultant effects observed there through telephone hook-up.

4.2 Final Demonstration of System Performance.

A thirty (30) day test period will be carried out after Cannon’s personnel make the

final adjustments to the system as dictated by the long term data and the operator’s
experience. The LTO system will be under the control of Cannon personnel but the data



gathering will be done by a third party testing organization and will be witnessed by
District personnel to verify final system performance. Instrumentation specified by the
outside testing organization, other than that installed originally by Cannon, will be supplied
by that organization or by the District.

5.0 POST TEST DISPOSITION OF LTO SYSTEM

After completion of the final demonstration test, the Cannon LTO system will be
turned over to the Alta Dena Dairy, at their discretion, for their continuing use for NOx
emissions reduction.
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