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1.0 INTRODUCTZON AND SUMMARY DE91 004217

This project is being performed by MK-Ferguson,

for the U.S. Department of Energy Pittsburgh

Energy Technology Center. The project is a pilot
plant scale-up from laboratory testing of the

NOXSO flue gas cleanup process. The process
simultaneously removes both sulfur and nitrogen

oxides from the flue gas.

The objective of this project is to demonstrate
that the NOXSO Process can achieve the SO. and NO

removal efficiencies under field conditions x

_ ___ required for application to coal-fired utility
_ _ _ _ boilers.

,_._= • _=- The pilot plant, will be built at Ohio Edison's

_ _ _ _ _ Toronto Station, a coal-fired power plant in
_- _ ._ _ _ L "_ U •o ._-_o_ _,_ Toronto, Ohio It will process a 12,000-SCFM slip

= _ .... _ _ stream of flue gas frcm the power plant=-_=u .-_

. =----, The project is divided into six tasks. Task 1

___ _ _ _ o _ = establishes the work plan that details all the

X -_.o-_" _ _,.-_o-_==__- activities related to the successful completion of
o_ _ _ = the project Task 2 consists of the design and

_-_= _-_ 8 _ _ construction of the pilot plant Task 3 consists_ _ _'_ _ _ ,- , •

o _ _ _ _ =_._ _ of an experimental program to define both
_ _ .__,_ _-= =_=, operating conditions and performance data to
_r_ _ - = _ _ _ _. -__ _ __ =_ _ _ support Task 4 Task 4 primary activities are to
_ _ i _ _-=_ _ conduct a long-duration test which attains

_ . - _ _ = continuous 90% sulfur dioxide and nitrogen oxide
_- _ _ ._= = _ removal rates. Task 5 is the conceptual design of

_- - including an economic evaluation_ ___ _= ._ _ _ a 500-MW plant,
_ _ __ _ _ _:

_ _ _ __ == _ of the conceptual design. Task 6 is the
_ _ o_ o o ,_. demolition of the pilot plant and restoration of
z_ _ _ =_ the site.

- _
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2.0 OBJECTIVES

The objective of this project is to demonstrate
the potential for application of the NOXSO Flue
Gas Treatment (FGT) technology to coal-fired
utility boilers in the 1990s. To accomplish this,
the NOXSO team will design, construct, operate,
and test a proof-of-concept scale NOXSO test
facility at Ohio Edison's Toronto Station. The
goal of the proof-of-concept test is to obtain the
engineering data required to prepare a cost-
effective design of a commercial scale NOXSO
process module at an acceptable level of technical
risk. A secondary goal of the test program is to
optimize process performance, i.e., achieve 90%
removal of SO_ and NO from the flue gas at the
lowest possible cost,Xwhile maintaining the high
level of system reliability dictated by the
utility market.

3.0 ACCOMPLISHMENTS

3.1 PROJECT OVERVIEW

The dynamic modeling tests were completed this
quarter with the finalization of the J-valve
design.

The detailed engineering Task 2.3 was 95% complete
through September 30th. Engineering completed the
detailed design this quarter. The balance of the
engineering effort will be construction and
start-up support.

The earthwork and foundation work was completed.
The structural steel subcontractor started work
and the piping and electrical work was started as
well.

3.3 DYNAMIC MODELING TESTS

PEMM-Corp. modeling tests commenced in April and
continued in this _larter. The modeling effort
focused on developing the J-valve design model to
operate over the range of conditions and flow that
will be seen in the POC pilot plant.

3.4 ENGINEERING PROGRESS

Overall the MK-F detail design effort is 95%
through September 30th. The engineering progress
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Process Group:

Work continued on the process operation including
plant restart after trips, the plant trip matrix,
and the permissive interlocks.

The development of the start-up manual is
continuing.

The J-valve designs were finalized based upon Dr.
Zenz's recommendations. The associated changes to
the instrumentation were incorporated into the
P&ID drawings Revisions 3. The nitrogen system
was changed to meet the increased flow in the
J-valves.

Mechanical/Piping Group:

An acid-resistant coating was added to the lower
section of the adsorber vessel V-101.

The work package for Insulation subcontract in RFQ
was issued in August.

The cyclone separator was released for purchase.
Worked with Modern Welding to resolve changes to
the regenerator (V-103). Released J-valve
drawings for bid.

The piping engineering work is substantially
complete.

Controls Group:

The major effort focused on the Bailey DCS
configuration drawings. Forty-four drawings
showing the external terminations to the Bailey
system were issued. Work continued on the
configuration drawings required to program the DCS
system. The programming of the Bailey Network-90
distributed control system was completed. The DCS
has been checked out at Bailey and is ready for
shipment to the field. Rev-1 of the 45 loops
drawings was issued for construction.

Electrical Group:

The electrical schematics, slngle line, analyzer
and control building power plans were issued for
constructi_n. The heat trace plans and details
for piping freeze protection were also issued in
August_
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Civi_, Structural Group:

The structural steel fabrication details were
reviewed and returned to the steel fabricator in

early August. This completed the civil/structural
effort.

Architectural Group:

Completed in previous quarter.

3.5 SUPPORT WORK BY NOXSO, W. R. GRACE, AND OHIO
EDISON

NOXSO Accomplishments:

Met with PEMM-Corp. and the NOXSO team at NOXSO
office to discuss J-valve design. As a result of
this meeting, Dr. Zenz completed the detailed
design of each of the three J-valves in the POC
and submitted the design to MK-F on July 17rh.

Drafted and submitted test plan to PEMM-Corp. for
second phase of cold modeling tests.

Prepared several panel layouts for NOXSO gas
monitoring system and began construction of
panels. Designed and fabricated panels for POC
monitoring system.

Met with MK-F and Grace in Cleveland to discuss
POC materials of construction and review status of
POC control system.

Developed sequence of steps in cold, and hot
start-up with methane in regenerator in
conjunction with MK-F engineers.

3.6 CONSTRUCTION PROGRESS

The civil work was completed in early September.
The ductwork tie-ins to the Toronto Station were

also completed in September.

The structural steel was received the first week
in September, and the tower erection was started.
It was 50% complete on September 30th. Vessels
V-101 and V-106 were also installed.
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The underground electrical conduit was installed,
and the power feed to the transformer was pulled
and terminated.

The control and analyzer trailers were received

and _et up in August.

The quotes for the insulation subcontract work

were received and are being evaluated.

Permanent material received this quarter included

ductwork (partial), piping (partial), cooling fan,

instrumentation (partial), vessels V-101 & V-106.

3.7 CONFERENCE PAPERS

3.7.1 Title:

The NOXSO POC Pilot Plant Advanced Flue Gas

Clean-up Technology.

Author:

Robert L. Gilbert - NOXSO Program Manager -

MK-Ferguson Company.

Abstract:

The MK-Ferguson Company is the

engineering/construction member of a team that

includes the NOXSO Corporation as the technology

developer; W.R. Grace & Co-Conn as the sorbent

supplier; and Ohio Edison as the owner of the host

site. This team is working together to bring to

commercial status the NOXSO simultaneous SO2/NO x
Flue Gas Cleaning System.

The objective of this project is to demonstrate

the potential for application of the NOXSO Flue

Gas Treatment (FGT) technology to coal-fired

utility boilers in the 1990s. To accomplish this,

the NOXSO team will design, construct, operate,

and test a proof-of-concept (POC) scale NOXSO test

facility at Ohio Edison's Toronto Station, a

coal-fired power plant. The pilot plant will

process a 12,000-SCFM slip stream of flue gas from

the power plant.

The goal of the POC test is to obtain the

engineering data required to prepare a

cost-effective design of a commercial-scale NOXSO

process module at an acceptable level of technical

risk. A secondary goal of the test program is to

optimize process performance, i.e., achieve 90%
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removal of SO_ and NO from the flue gas at the
lowest possibIe cost,Xwhlle maintaining the high
level of system reliability required by the
utilities market.

4.0 Plans For Next Quarter

4.1 Summary

The process equipment will be delivered to the
site, as will the motor starter and the DCS
system.

Task 2.5 Construction - See Section 4.2 for
detailed discussion.

Task 2.6 Startup - The sorbent material is being
manufactured and is scheduled to be delivered to

the site in the first quarter of 1991. The

startup procedures and trip matrix work will

continue, and the startup plan by NOXSO will
begin.

4.2 Task 2.5 CONSTRUCTION

Construction Activities by Major Task

Structural:

The subcontractor will complete erecting the

structural steel tower, along with rough setting
the process vessels. He also will erect the

ductwork/pipe rack steel to allow the start of
ductwork erection.

Process Equipment, Piping & Ductwork:
The process vessels in the tower will be final

set. The cooling air blower and adsorber feed fan

will be set. Piping and ductwork will be

completed inside the existing plant, along with
the ductwork to the stack.

Electrical/Instrumentation:

The cable and tubing trays will be installed in

the tower and to the control/analyzer trailers.
Tower conduit and cable will be installed.

Lighting in the tower also will be completed.
Delivery and calibration of the engineered

instruments will begin. The DCS equipment will be
installed in the control trailer.
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Insulation:

The insulation subcontract will be awarded in

October. Ther subcontractor is scheduled to
mobilize in November, Work will start on

insulating the equipment and ductwork.
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THE NOXSO POC PILOT PLANT
_ ii ,, li - • i i

ADVANCED FLUE GAS CLEAN-UP TECHNOLOGY

Robert L. Gilbert

NOXSO Program Manager
MK-Ferguson Company

ABSTRACT

The MK-Ferguson Company is the engineering/construction member of a team that in-
: dudes the NOXSO Corporation as the technology developer; W. R. Grace & Co-Corm as

the sorbent supplier; and Ohio Edison as the owner of the host site. This team is working
together to bring to commercial status the NOXSO s!tmultaneous SOz/NOx Hue Gas
Cleaning System.

/,'

The objective of this project is to demonstrate the potential for application of the NOXSO
Hue Gas Treatment (FGT) technology to coal-fired utility boilers in the 1990s. To accom-
plish this, the NOXSO team will design, construct, operate, and test a proof-of-concept
(POC) scale NOXSO test facility at Ohio Edison's Toronto Station, a coal-fired power plant.
The pilot plant will process a 12,000-SCFM slip stream of flue gas from the power plant.

The goal of the POC test is to obtain the engineering data required to prepare a cost-effec-
tive design of a commercial- scale NOXSO process module at an acceptable level of techni-
cal risk. A secondary goal of the test program is to optimize process performance, i. e.,
achieve 90% removal of SOz and NOx from the title gas at the lowest possible cost, while
maintaining the high level of system reliability required by the utilities market.

The project is a scale-up of previous laboratory tests.

The NOXSO Process

The NOXSO _ocess consists of two cy-
cles: SO2 and NOx adsorption and r,_, _, _ a-

s°rbentre9enerati°n" I c,...__yThe flue gas SO2 and NOx adsorption _,_,,d cy_,
cycle is shown in Figure 1. The flue
gas is directed to the NOXSO system
aftertheparticulateremovalequip- _

ment via a booster fan. The flue gas ¢.,_ _ _
is cooled to 230"F the optimum tem-
perature for maximum NOx and SO2 "--'_ _
adsorption, and thenpassesthrough _ _"
the adsorber contacting a fluidized
bed ofsorbentbeads.The adsorption Adsorption
of NOx and SO2 is a slightly exother- Figure 1



mic reaction which raises the flue gas temperature leaving the adsorber approximately
230'I:, thus eliminating the need for any reheat to maintain stack buoyancy.

To reduce sorbent entrainment, a high-efficiency mechanical cyclone collector'is included
in the flue gas loop just after leaving the adsorber. Entrained sorbent is captured by the cy-
clone and returned to the bed.

The sorbent beads are approximately 1.2 millimeters in diameter and consist of sodium
carbonate deposited en a gamma-alumina substrate. The exact composition and process
for manufacturing flus sorbent is a patent held by NOXSO Corporation and licensed to the
W. R. Grace Company for manufacture.

Spent sorbent is continuously removed from the top of the bed via an overflow weir and
gravity fed to a pneumatic conveying system where it is conveyed to the regeneration
cycle.

Figure 2 shows the regeneration cycle. The spent sorbent first enters a heating vessel which
is a three-stage fluidized bed. The sorbent is heated with clean air to approximately
1200"F. At this temperature, ali of the NOx adsorbed in the sorbent is desorbed and carried
off in the heated air steam and returned to the stack. In a commercial installation, the hot
air and NOx from the sorbent heater is returned to the coal-fired boiler as combustion air

to suppress the formation of NOx in the combustion process. The NOx recycle is not part of
the NOXSO Pec test.

The heated sorbent, containing C2dsorbedsulfur compounds, is then transported to the first
regeneration vessel. In this vessel, the sorbent is treated with natural gas which produces a
mixture of SO2 and H2S. The natural gas also reduces some adsorbed sulfur to c sulfide

NOx to
Furnace

Cyclone
Separator

Sl Sorbent _ SO2
Seri H 2 S

Natural Gaa

Natural Air

(]iea Heater 802
8team

Sorbent H2 S
Steam

Regenerated

Sorbent Natural Ges

Feedwater

99:5% Sulfur
Blower

Regeneration
Figure 2
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Tos_¢ _ which remains on the sorbent. In a second
regeneration step, the sorbent is treated
with steam to hydrolyze the remainin 9 sul-
fide to H2S. In a full-scale plant the mix-
ture of SO2 and H2S produced in file
regenerator is sent to a Claus plant. Claus
plants chemically convert the SO2 and H2S
to elemental sulfur and water. The Claus

process is a well-developed technology and
is not part of the Pac test.

The regenerated sorbent is then trans-
ported to the sorbent cooler where it is
cooled to 250"F with ambient air. The

cooL_ heated air leaving the sorbent cooler is
used to heat the sorbent in the sorbent

heater.

The NOXSO Pac pilot plant process tower
equipment general arrangement and site

............. plan are shown in Figures 3 and 4.

POCProject Elevation The NOXSO process tower is 22 x 38 feet
Figure 3 and is about 72 feet high.

Project Work Plan and Schedule

The project is divided into six to_ks. The purpose of Task 1 is to establish a work plan that
details all the activities related to the successful completion of the project. Task 2 consists

PO(: Project Site Plan
Figure 4



TASKDESCRIPTION 1989 1990 1991, 1992-i
iii i

1 ProgramDefinition

2 g=neermgEn' ' --..

3 Construction

4 ExperimentalProgram

5 LongDurationTest --I_

6 Design500MW _..

7 POCRemoval -,b,
ii

iii

POCSummary Schedule
Figure S

of the design and construction of the pilot plant. Task *3consists of an experimental pro- *
gram to define both operating conditions and performance data to support Task 4. Task 4
primary acUvities are to conduct a long duration test which attains continuous 90% sulfur
dioxide and nitrogen oxide removal rates. Task 5 will be the conceptual design of a
500MW plant, including an economic evaluation of the conceptual design. Task 6 will be
the demolition of the pilot plant and restoration of the site. The POC summary schedule is
shown in Figure 5.

The following narrative describes the POC scope of work.

Task I Program Definition. Complete

This task entails submittal of the work plan which details ali activities related tothe success-
ful completion of the project. The major elements of the werk plan include:

• A 23-page narrative describing the technical approach taken to accomplish each of thesix tasks.

• A project schedule identifying the activities, their duration and logic to meet _e
planned project milestones.

• Project site access agreement with Ohio Edison.

• Process flow diagram and general arrangement drawings.

Task 1.1 Process Studies. In Progress

Process studies wc re added to the scope of work to obtain additional information for Task
2.3 detailed engineering.
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The studies include dense phase sorbent conveying tests by equipment manufacturers and
_ l dynamic modeling tests ot the fluid bed intemals and J-valves. The dense phas e conveying

tests demonstrated that the sorbent could be conveyed pneumatically with minimal attri-
tion. The dynamic modeling tests are on 9oin 9 with PEMM-Corp.

Task 2. I Process Design Package. Complete
The PCC test facility was designed to treat 12,000 SCFM of flue gas containing approxi-
mately 2500 ppmd SO2 and 365 ppmd NOx. The POC test facility will integrate adsorption
and regeneration process steps so that a continuous flow of sorbent goes from the adsorber
to the sorbent heater tG the regenerator to the sorbent cooler and back to the adsorber.

Task 2.2 Detailed Test Plan - Complete
The detailed test plan was piepared by NOXSO with support from W. R. Grace. It was ap,
proved by DOE on May 9, 1990.

The test plan consist of four parts:

1) Shakedown/Startup Tests

2) Baseline Tests

3) Parametric Tests

4) Long-Duration Tests

The test plan is briefly discussed later in the tasks covering the testing.

Task 2.3 Detailed F.ngineering. In Progress
The detailed engineering effort is broken into work packages. The engineering progress is
as follows:

Civil: Site plan, grading and foundations: This work is complete except for incorporating
the finalized vendor information.:

Structural: Main steel framing, 151atforms and miscellaneous steel: This work is complete
except for incorporating the finalized vendor information.

Mechanical &Piping: The equipment general arrangements have been finalized. The duct-
work layout is in progress and the piping drawings have been started. The insulation
scope will be established when the piping drawings are complete.

Process and Controls: The P & ID drawings are complete. The instrument data sheets are
bein 9 developed and RFQs are being written. The instrument loop diagrams have been
started.

Electrical: The power grounding and lighting drawings have been started. The schematics,
conduit routing, wire routing will start wherL the controls work is complete.
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T_#_2.4 Pmc_._v_ent:

The major equipment purchase orders hove been issued. The remaining equipment includ-
in9 instrumentation,ductworkand electricalitemscu'eoutforbid.

Task2.5 Construct/on:

The civil work started m lune and will finish in August. The struc_urai work will start in Au-
gust and finish in September. The balance of the work will start in August and isplanned
to be completed in November of this yecr.

To..ex2.6 Startup:
Sho.kedown/StartupTest:The purpo_ oftheshakedown/startuptestistoensurethatthe
equipmentoperatesatdesi9nspecificationspriortothestartofthebaselinetest.Inthe

i shakedo_ _.cst,each_ieceofequipmentischeckedoutindividually.The majorpiecesof
equipment are the fluidized beds, reactors, blowers, flue gas cooling system, solids trans-
port sys_ms, incinerator, air lteater, cyclones, and baghouse. The performance of each
major pi_e of equipment i3 rluo_fled in the shakedown test.

Baseline Test: The baseline test operating parameters are derived bom previous tests of the
NOXSO process ,_: ._heTVA Shawnee Steam Plant and the Pittsburgh
F.nergy Technology Center (P_.TC).A performance model developed by W. R. Grace and
based on data generated in previous tests of the NOXSO process was used to calculate the
sorbent circulation rate in the Pac bo.selin_;_test. The model predicts 92% SO2 removal and
85eb NOx after 100 cycles of Pac operation.

Task 3 - Parametric Tests:

The goal of the parametric tests is to identify the set of process operating conditions that re-
suit in optimum process performance. In the parametric tests, process operating conditions
aresystematicallyvariedtoquantifytheiraffecton proce_performance.

Task 4 - Long Duration Tests:
"Thegoal of the duration tests is to document long.term process performance under opti-
mal process operating conditions. Optimal process operating conditions will be deter-
mined fromtheresultsoftheparametrictestsand willbe maintainedatconstantvalues
throughoutthedurationtests.Processperformanceisevaluatedintermsofprocessoperat-
ingcostperweightofpollutantremoved from_:efluegas.

Task5- 500MW Design:
Atthecompletionofthetestingprogram MK-F willdevelopa 500MW conceptualdesign.
Capitaland operatingcostswillbeforecas;edbasedupon the500MW designand thePaC
test results.

Task 6- E_rnolition:

. "I_.epilot plant will be dismantled o_ld the host site restored to pre-demonstration status.






