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Chapter 10 — Request for Proposals & Contract Award s

10.1 Request for Proposal (RFP)

On July 11, 2008, the Governing Board approvedi@ase of Request for Proposal (RFP) to
obtain proposals from qualified contractors to amtdan engineering study on existing
commercially viable control technologies to furtheduce SOx emissions from RECLAIM
facilities to assist staff in identifying Best Aladle Retrofit Control Technologies (BARCT) to
be implemented within the 2011-2014 time frame Whiould help the Basin attain the PM2.5
ambient air quality standards by the 2015 deadlifibe prog'ect consisted of three (3) modules
with a total budget of $375,000.00 as shown in &alfl-1:

1. Module 1 was to seek an engineering evaluation @st analysis assessment on SOx
reducing additives used in fluid catalytic crackingts.

2. Module 2 was to seek an engineering evaluationcastianalysis assessment on SOx control
technologies for refinery fuel gas and sulfur remrgitail gas treatment units.

3. Module 3 was to seek an engineering evaluation cGrstl analysis assessment on wet/dry
scrubbing technologies for seven categories ofpggent identified in Part | of this report: 1)
FCCUs, 2) refinery SRU/tail gas systems, 3) refineeaters/boilers, 4) coke calciner, 5)
sulfuric acid plant, 6) container glass meltingntaces, and 7) cement kilns & a coal fired
boiler located at a cement manufacturing facility.

Table 10-1
List of Modules and Estimated Budget for SOx RECLAM RFP
Project Modules Budget
Module 1- FCCU DeSOx Additives $36 K
Module 2 — Refinery SRU/Tail Gas and Fuel Gas 3yste $124 K
Module 3 — Wet/Dry Scrubbers for
FCCUs, SRU/Tail Gas Systems, Boileesitédrs $133 K
Coke Calciner $14 K
Sulfuric Acid Mfg Plants (w or w/o Gemn) $24 K
Container Glass Melting Furnaces $14 K
Cement Plant (Kilns & Coal fired baj)le $15 K
Total | $360 K (+ $15 K for meetings)

! South Coast Air Quality Management District Bobtdeting July 11, 2008, Agenda # 29, Report of R
RFQs Scheduled for Release in July. July 11, 2008.

2 South Coast Air Quality Management District, Resjdfer Proposal, RFP #P2009-01, Evaluation of Eimiss
Control Technologies for Further Reducing Sulfuid@s Emissions from Stationary Sources in the SGatdst Air
Quality Management District's RECLAIM Program. ydl1, 2008.

Proposed Amended Regulation XX 1 June 2009



Draft Staff Report Chapter 10 — Request for Psafm& Contract Awards

The contractor was asked to complete five spetagks for each module (or submodule):

Identify promising existing commercially viable S@antrol technologies/manufacturers;
Conduct field assessment and site-specific engimgeraluations;

Perform independent costs and cost effectivenesyas;

Prepare reports describing the methodology, firglengd recommendations; and

Attend in person and give testimony at the AQMD &wmnng Board hearings for the
proposed amended rule as expert witness if askathblfy

arwbdrE

10.2 Contract Awards

After receiving approval from the AQMD Governing &d in July, staff released the RFP and
conducted an extensive 1-month outreach in accoedaith the District's Procurement Policy
and Procedure. In addition, since this projechighly technical in nature, staff contacted
eighteen (18)highly specialized contracting firms/contractoreammended by vendors and
manufacturers of air pollution control equipment dhe Western State Petroleum Association
(WSPA). As a result of this effort, within a sharhe frame, staff received and accepted a total
of six (6) technical proposals submitted by thet@mtors on August 15, 2008.

A four member panel was convened to evaluate tbpgsials including: one AQMD Assistant

Deputy Executive Officer from Planning, Rule Deysteent, and Area Sources Division; one
AQMD Supervisor of the Best Available Control Teology team; one AQMD Supervisor of

the Refinery Team; and one representative from WSHKAe evaluation process completed in
August and staff drafted a proposal to preserttedoard.

At the Board meeting on September 5, 2008, the (hawg Board approved staff’'s proposal and
awarded the contracts to two consultants, ETS,dnd. Nexidea, Inc., to conduct the study for
this project at their bidding costs shown in Talle2. The total amount of awards provided for
this project was $334,860.* > Note that no contract was awarded to any of topgsals to
conduct the Module 1 evaluation.

% South Coast Air Quality Management District Bohtdeting September 5, 2008, Agenda # 3, Executer@cirto
Evaluate Emission Control Technologies for FurtReducing Sulfur Oxides Emissions from Stationaryrges in
the SCAQMD SOx RECLAIM Program. September 5, 2008.

* South Coast Air Quality Management District, Canttt C09104 with Nexidea, Inc., Evaluation of Eraigs
Control Technologies for Further Reducing Sulfuid@s Emissions from Stationary Sources in the SCAGM
RECLAIM Program. September 5, 2008.

® South Coast Air Quality Management District, Cant# C09105 with ETS, Inc., Evaluation of Emiss@ontrol
Technologies for Further Reducing Sulfur Oxides €5iains from Stationary Sources in the SCAQMD’s REGL
Program. September 5, 2008.

Proposed Amended Regulation XX 2 June 2009
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Table 10-2
List of Contracting Firms and Awards
Project Modules Consultant Firm Awards
SRU/Tail Gas & Fuel Gas Systems ETS $123,933
Wet/dry scrubbers for FCCUs, SRU/tail gas, boitezaters ETS $130,10Q7
Wet/dry scrubbers for glass melting furnaces ETS 3,SR10
Wet/dry scrubbers for kilns & coal fired boiler ETS $13,910
Attending meetings as requested by AQMD staff ETS 7,580
Total for ETS $289,360
Wet/dry scrubbers for coke calciner (module 3-B) xihea $14,000
Wet/dry scrubbers for sulfuric acid plants Nexidea $24,000
Attending meetings as requested by AQMD staff Neaid $7,500
Total for Nexidea | $45,500
Total $334,860
Note: Since only one refinery voluntarily partiatpd in the short-term testing with FCCU DeSOx tidek, staff
decided to conduct the analysis for Module 1 ind@ou
The consultants started the projects immediatebgr afeceiving the awards. First, the

consultants and staff scheduled and conductedvssiess at BP, Chevron, ConocoPhillips,
Tesoro, Valero, ExxonMobil, California Portland Gemh Corp., Owens Brockway, and Rhodia
Inc. in September - October 2008. During these\sgits, the consultants gathered all necessary
technical information on equipment and operatingditions, discussed with the facilities on
operational characteristics of the equipment, olexkthe physical layout of the equipment, as
well as listened to any concerns or foreseen cainssrprovided by the refinery technical experts

related to future prospective add-on control desice

After the site visits, the consultants conductegirtiown independent research, contacted the
control manufacturers and vendors, gathered cdsirnmation, and performed their own
independent engineering analysis on commerciallgilave control technologies and cost

effectiveness.

distributed to the affected facilities and AQMDfsfar comments.

In October 2008, the consultantgeldped the draft reports which were

After addressing all comments received from thelifes, as well as AQMD staff, the
consultants finalized their analyses and repomsdie calciner, cement kilns, coal fired boiler,
glass furnaces, and sulfuric acid plant on Decerhibe2008 as planned in the contracts.

Because of the complexity associated with the egfirsystems and extensive communications
between the consultants and the refineries, theuttamts finalized their engineering analyses
for FCCUs, SRU/tail gas, and fuel gas treatmentesys in April 20, 2009, four months after the

anticipated dates specified in the contract.

A summary of the consultants’ recommendations es¢hengineering studies are provided in

Chapter 11 through Chapter 16.

Proposed Amended Regulation XX 3
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Chapter 11 — Nexidea’s Analysis for Coke Calciner &  Sulfuric Acid
Plant

Nexidea, Inc. (Marshall Belf)  was awarded the contract to study the controlnelcyies for a
coke calciner and two sulfuric acid plants in thstiict (named as Facility A, B and C in the
consultant’s reports). Nexidea Inc.’s analysid eesults are summarized this chapter.

11.1 Recommended BARCT Levels

Nexidea'’s final conclusions in this study are sumpnea below:

» It is feasible and cost effective to reduce SOxssmns to a level of 5 ppmv using wet
scrubbing with caustic solution from coke calciaed sulfuric acid plants. However, the
consultant recommended the District to set BARCTL@tppmv due to process control
related issues. For sulfuric acid plants, the ottast recommended a BARCT level of 0.14
Ibs per ton acid, and for the coke calciner, thesattant recommended a BARCT level of
0.25 Ibs per ton coke. Excerpts from the constiftatudy are presented below:

“The results of the study show that simple caustating can cost effectively reduce
SO2 emissions to less than 5 ppmv for the all efuhits in the study; however, the
recommended BARCT level is 10 ppmv due to comsisaks at near-zero SO2 levels. It
is recommended that Facility B Acid Plant and FagilC Calciner add a caustic

scrubber to meet the 10 ppmv SO2 level. Facilitheld Plant already uses an SO2-
selective amine to reduce SO2 to 20 ppmv. Thatanitbe revamped at low cost to meet
a 10 ppmv SO2 level, thus addition of a caustiatéeto that unit is not recommended.

Table 1 presents a summary of the key findingsi®@study. Recommended BARCT is 10
ppmv SO2, limited by process control issues.....

Table 1: Summary of Recommendations

Equipment BARCT Level Emission Cost
Reductions Effectiveness
Facilities A | 0.14 Ibs SOx/ton acid (10 ppmy, <0.1 tpd (A) $1.4K - $5.6K
and B 1.1 tpd (B)
Facility C 0.25 lbs SOx/ton coke (10 ppmy) 1 tpd SB2 $5.0K | ”

®A biography of Mr. Marshall Bell is attached in Agmix [I-B of this report.

" SOx RECLAIM Final Report — Wet/Dry Scrubbing Techlogy for Sulfuric Acid Plants and Coke Calciner,
Nexidea Inc., December 2008.

Proposed Amended Regulation XX 4 June 2009
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11.2 Control Technology & Costs

To arrive at the conclusions presented above, Mexithc. conducted a literature research on
wet/dry scrubbing control technology, both regetieeaand non-regenerative. The consultant
contacted four (4) vendors identified in Part Itbé Staff Report and listed below for basic
sizing and cost information to achieve 5, 10, aBggmv SOxX.

Cansolv Technologies, Inc.

Monsanto Envirochem Systems (MECS)
Belco Technologies

Tri-Mer

As stated in Nexidea’s report:

“All four companies were sent requests for basimgiand cost information for gas
treating facilities that can reduce SO2 emissidéach was asked to supply designs to
meet 5, 10 and 20 ppmv SO2 in the treated gasmsfe8elco, Tri-Mer and MECS
responded with proposals. Cansolv Technologieparded with a letter stating that
their technology is not economically attractiveagolishing unit, and they will not bid
on Facility B or coke calciner. They will suppeine necessary upgrades to Facility A’s
Cansolv Unit to allow it to meet a 10-ppmv SO2ll&ve

All four vendors responded that they could achivppmv SOx if all process variables are
carefully controlled and monitored. Three out ourf vendors provided sizing and cost
information to achieve 5 ppmv SOx. All four venslandicated that they could easily treat the
existing gas streams from the sulfuric acid plamd the coke calciner to 10 ppmv, and all four
vendors provided sizing and cost data for this @gen

“Both Sulfuric Acid Plants and the Coke Calcinearstwith relatively low levels of SO2

in the current discharge streams: 20 to 145 ppireating down to 10 ppmv SO2 is
easy and straightforward with caustic treating. Id®e Tri-Mer and MECS all state that

they can provide designs that will achieve SO2l¢edewn to 1-2 ppmv with caustic

treating for Facilities B and C. Cansolv can aaleel0 ppmv SO2 with minor upgrades
to the Facility A Acid Plant, and believe that Snppis possible if all process variables
are carefully controlled.”

Accurate process control at all load changes isicali to achieve 5 ppmv SOx outlet
concentration. The consultant recommended 10 mB®ARCT to provide the operators some
room to respond to plant load changes and to regdossible scaling of the absorber unit, usage
of caustic, and load to the effluent treatment fplan

“The recommended treatment level is 10 ppmv fotha#te facilities. The reason for this
slightly higher value is that treating to 5 ppmvessentially treating to zero. At this
extremely low level, control over caustic injectibacomes difficult. Refer to Figure 1,
which shows caustic addition versus SO2 in thetédkagas. Note that the caustic
injection rate is given in gallons per hour. A vexyall change in caustic addition rate
has a large impact on SO2 level. Even if the caustdiluted to 20%, the injection rate

Proposed Amended Regulation XX 5 June 2009
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is still very small, and normal load changes in tineits can make constant control
difficult. Belco warns that control at <5 ppmv rems an increase in the pH of the
caustic solution. As the pH rises, the tendencytdg/scaling the absorber tower and its
internals increases, and the composition of makeager to the unit must be carefully
watched. If the pH is raised too high, it is pobsito start absorbing CO2, which can
produce a hard, insoluble sodium carbonate scalehm tower. Control at <5 ppmv

almost certainly will result in over-injection o&ugstic, which is both wasteful and adds
to the treating load in the effluent treatment pla@ontrol at 10 ppmv gives the operator
more control room to respond to plant load changébout undue attention to the unit.”

BELCO and Tri-Mer provided the consultant the iesimhttery limit (ISBL) equipment costs for
caustic scrubbers, whereas MECS supplied the tostdlled equipment (TIC) for caustic
scrubber. It should be noted that the costs ferctustic scrubbers were the same regardless of
the SOx desired outlet concentrations (5, 10 opg@v). Cansolv supported the revamping
costs of existing control at Facility A estimatedthe contractor.

The estimated installed equipment costs providgtienconsultant report were listed in the table
below included 1) a 20% location factor increasea¢count for the difference in labor costs
between the U.S. Gulf Coast and the Los Angeles, ared 2) a 35% contingency factor increase
to account for other outside battery limit costattimight be needed for the project (e.g. utility
upgrade and upgrade for effluent treating systewhded to the base costs.

“Table 1. Estimated Installed Equipment Costs

Facility A Facility B Facility C
Belcc $3,090,131 $6,579,231 $13,302,633
Trimer $2,999,249 $13,316,664  $21,059,914
MECS $4,043,137 $7,497,015 $16,826,926
Cansolv $500,000

The vendors provided the consultant the followimigimation to estimate the operating costs of
the equipment:

» Electric power, kilo-watt

* Makeup water, gallons per minute

e Caustic solution (50% grade), gallons per hour
* Waste water treating, gallons per hour

» Operating/Maintenance man-power, # of people

The major differences in the operating costs fer ttivee desired outlet SOx concentrations 5,
10, 20 ppmv were simply the costs of more caustict®n and increased effluent to the waste
water treatment.

Proposed Amended Regulation XX 6 June 2009
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11.3 Emission Reductions & Cost Effectiveness

The estimated emission reductions from the 2008ahceported emissiofio the feasible levels
(5, 10, and 20 ppmv) were presented in the tabdabom the consultant’s final report:

“Table 3: Estimated Emissions Reductions

TPD SO2

Reduction
Facility A @ 5 ppmv 0.050
Facility A @ 10 ppmv 0.033
Facility A @ 20 ppmv NA
Facility B @ 5 ppmv 1.192
Facility B @ 10 ppmv 1.149
Facility B @ 20 ppmv 1.064
Facility C @ 5 ppmv 1.122
Facility C @ 10 ppmv 0.997
Facility C @ 20 ppmv NA”

The consultant estimated the following cost effegtess numbers assuming a 25-year life of
caustic scrubbers, 4% interest rate, and usingtetfectiveness equation provided by staff:

“Table 2: Cost Effectiveness

Cansolv| Tri-Mer | Belco MECS

Facility A @ 5 ppmv NA | $16,68217,596| $18,675
Facility A @ 10 ppmv $5,556  $24,90626,273| $27,892
Facility A @ 20 ppmv NA NA NA NA
Facility B @ 5 ppmv NA | $2,158 $1,594 $1,458
Facility B @ 10 ppmv NA | $2,229 $1,644 $1,508
Facility B @ 20 ppmv NA $2,388 $1,77 $1,606
Facility C @ 5 ppmv NA | $3,375 $2,46D $2,624
Facility C @ 10 ppmv NA | $3,768 $2,749 $2,923
Facility C @ 20 ppmv NA | $4,946 $3,589 $3,821

8 The consultant indicated in his report that théofeing existing average SOx concentrations wer&iges which
the consultant later used in his estimated emissidactions:

“Facility A Acid Plant: 20 ppmv SOs

Facility B Acid Plant: 145 ppmv SO2

Facility C Coke Calciner: 50 ppmv SO2

..... the potential reduction in SO2 from Facility @skd on the 50 ppmv level is higher than reported...

suggests that ...this study may overstate thengpiat emission reduction from Facility C.”
The consultant indicated that the current levgb®red to the District “...are in the 20 - 30 ppmv range

Proposed Amended Regulation XX 7 June 2009
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114 Plot Space

The spaces for caustic scrubbers and associatgohsent (e.g. ID fan) provided by the vendors
and estimated by the consultant were summarizexhbel

Facility A Facility B Facility C
BELCO 15ftLx 20 ft W 20ftLx 25 ft W| 30 ft L A0 ft W
Tri-Mer 18ft Lx 18 ft W 46 ft Lx 28 ft W| 70 ft Ix 52 ft W
MECS 20 ft L x 20 ft W 25ftLx25ftW| 30ftL R0 ft W
Cansolv | No additional change in plot space Notlalsba Not available

For Facility A, the consultant concluded that:

“If the Cansolv Unit is revamped to meet a 10 ppeatéd gas SO2 concentration, the
existing equipment will be reused in its currergation and current plot space will be
sufficient. If a caustic polishing system were ¢oréquired, the new unit would have to
be located some distance away from the Acid Plams would make ducting of the gas
steam very difficult, and result in a much largBrfan, as well as a higher capital cdst.

For Facility B, the consultant concluded that:
“There appears to be sufficient plot space ..... torenodate all three desighs
For Facility C, the consultant concluded that:

“In all three designs, it appears that some exigtaguipment will have to be relocated to
make room for a new scrubber system....... There appedre sufficient plot space on
the south and west sides of the cooling tower ..actmmmodate the Belco and MECS
designs, which use a single tower; however, spadecate the proposed Tri-Mer design
is questionable.”

In addition, the consultant provided several sugges to reduce the footprint of the Tri-Mer
scrubber should that becomes the choice for thities

115 Project Timing

The consultant estimated that the total projece tiraeded to install the new caustic scrubbers at
Facility B and Facility C was about 24 — 30 calenai@nths, and to revamp the existing control
system at Facility A was about 12 months.

Proposed Amended Regulation XX 8 June 2009
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Chapter 12 — ETS’s Analysis for Glass Manufacturing Plant

ETS, Inc. (John McKennd)'® was awarded the contract to study the controlneiciyies for
two container glass melting furnaces located atrdasner glass manufacturing facility in the
District. ETS Inc.’s analysis and results are swanzed in this chapter.

12.1 Recommended BARCT Levels

ETS, Inc.’s final conclusion in this study is thiats feasible and cost effective to reduce SOx
emissions to a level of 5 ppmv or less using wetitdning with caustic solution for container
glass melting furnaces. The consultant recommendedDistrict to set BARCT at 0.0058
Ibs/ton glass pulled (or 99% control.)

Excerpts from ETS Inc.’s study are presented below:

“ETS has conducted a top down analysis of altereatymmercially feasible control
technologies for the control of $S@missions from the glass plant. This analysis
considered the technology which was found to benthst effective in terms of sulfur
dioxide removal and which can potentially be insthlor retrofitted at O-I. Four
vendors (Manufacturer A, Manufacturer B, ManufaetuiC, and Manufacturer D)
submitted quotes and performance claims and ondorgiManufacturer E) submitted a
description of suggested process improvements enefsting system with a rough
budgetary equipment cost. Given the higher remeffadiency (99%), the Manufacturer
A wet scrubber was selected as BARCT for the filasaces.

A cost-effectiveness determination was executethéodBARCT case and a summary of
the results is provided in the following table:

Summary of Recommendations

) BARCT Emission Cost-
Equipment BARCT Level Emission Level Reductions Effectiveness

Owens- 0
Brockway A, B 9(9<f Corr:{f)" 00055 bs/ton  0.19tpd  $ 5.K/ton SOx
& C CEMS =+ PP glassp

Note: Baseline SGemissions used in calculations were from 2005 (3B database for the period
from January 2005 — December 2005)

o ETS, Inc. team in this project included Dr. JohnKédnna, John Mycock, Dr. James Turner, ChristinalCéad

Jeff Smith. (AEC Engineering Inc. was a subcontnafor ETS, Inc. in the refinery study discussedChapter 14 —
Chapter 16. AEC Engineering Inc. was not subcatethfor the analyses for glass in Chapter 12 amdeat in

Chapter 13.) The consultants’ biographies areuted in Appendix 11-B of this report.

19 sox RECLAIM Study - Final Report — Module 3-D: W@ty Scrubbing Technology for Container Glass
Manufacturing Plant, ETS, Inc., December 16, 2008.

Proposed Amended Regulation XX 9 June 2009
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12.2 Control Technology & Costs

To arrive at the conclusions presented above, EFiESdonducted a literature research on wet
scrubbing (non-regenerative) and dry scrubbingrobtechnologies. Sources for their literature
research included Air Waste Management Associa@WMA), Mcllvaine, U.S. EPA,
Industrial Clean Air Companies (ICAC), Glass Mamtfsing Industry Council, and the Council
of Industrial Boilers Association (CIBA). ETS Inoontacted seventeen (17) vendors in the field
of wet/dry gas scrubbing. The following five (5endors responded to their request for
information:

e Tri-Mer

* Monsanto Envirochem Systems (MECS)
* McGill Clean Air Technologies

* Dustex

* PPC, Industries

As stated in the ETS Inc.’s report:

“These vendors were contacted and supplied witlyaest for a technical response to
the RFP shown in Table Bhe vendors were asked to provide a Budgetary Bugrmp
Cost and Estimated Annual Operating Cost at theohg three levels of performance:

1) Lowest achievable level of efficiency with guarante
2) Next lowest achievable level of efficiency withrgnéee
3) Most comfortable achievable efficiency with guaeant.”

“Four vendors (Manufacturer A, Manufacturer B, Mdaaturer C, and Manufacturer D)

submitted quotes and performance claims, and ondorgManufacturer E) submitted a
description of suggested process improvements enefisting system with a rough
budgetary equipment cost...”

Control Technology Efficiency SOx Outlet Coric.
Manufacturer A| wet scrubber with 50% NaOH 99% Ltass 5 ppmv
Manufacturer B| wet scrubber with 25% NaOH 95% pp
Manufacturer C| dry gas scrubber 90% 10 ppmv
Manufacturer D| wet scrubber with 20% NaOH 90% Libssn 10 ppmv|

After carefully reviewing the information collectédm the literature research and submitted by
the vendors, ETS Inc. concluded:

“Given the higher removal efficiency (99%), the Manturer A Wet Scrubber was
selected as BARCT for the glass furnaces...”

Regarding vendors’ cost estimates, ETS Inc. indatat

..... they were asked to provide a budgetary costrege for the supply and installation
of their equipment. The vendor was also requesteiddntify any utilities needed and
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their expected rate of usage. The vendor was akedto identify the amount and type
of waste generated by the process. If the vendgpfgoach was to modify or retrofit
existing hardware, he was requested to supply & estsmate for those activities. For
example, if the proposed approach was that of dryet injection upstream of the
baghouse, the proposal should have included ammesti for all required equipment
hardware, reagent storage vessels, reagent feedraioimstrumentation, engineering,
construction and installation, etc., as well as -erggineering costs such as site testing
activities to locate the reagent injection siteofatimize system performance with respect
to SQ control and reagent utilizatioh.

The basis for equipment costs was different frocheandor (e.g. two vendors provided total
installation costs including freight, and the othen provided just equipment costs without
installation costs and freight.) The consultanppli@d their engineering knowledge and
judgment to reconcile all vendors’ costs to the sdmasis. In addition, the consultants included
specific costs to cover areas that had been idehtify the subject facility in the District (e.g.
costs were added to cover additional treatmenthef waste stream from the scrubber &
additional ducting to the space available at tlodifg.)

ETS Inc. included the following categories in estimg the capital cost:

“Demolition and Decommissioning

Civil/Concrete

Structural

Equipment

Piping & Mechanical

Electrical & Controls

Misc. Direct & Indirect Costs:
Contractor overhead and misc. rentals
Contractor field supervision
Mobilization/Demobilization
Overtime/productivity factor
Freight/shipping
Sales Tax
Commissioning and operating spares
Start-up/initial fill material
On-site training/start-up assistance
FEED engineering through detailed design
Project management”

ETS, Inc. included the following categories in egtting the annual operating and maintenance
costs:
“ Annual Maintenance Costs
Periodic Maintenance Costs
Additional Operating Costs
Utilities:
Natural Gas
Electricity
Water
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Wastewater

Cooling Water
Compressed Air
Solid Waste Disposél

12.3 Emission Reductions & Cost Effectiveness

A summary of emission reductions, cost estimated,c@st effectiveness using 25-year life for a
wet gas scrubber and 4% interest rate estimat&ilBy Inc. is shown below:

“ 2005 Baseline Emissions 0.195 tpd
Emission Reductions 0.19 tpd (99% efficiency)
Equipment Costs $1.10 million
Capital Costs $1.90 million
Annual Operating Costs $0.44 million
Present Worth Value (25-year life) $8.80 million
Cost Effectiveness Factor $4,988 per ton SOx redluc "

ETS, Inc. did not estimate emission reductionscosl effectiveness associated with other levels
of control (95%, 90%). ETS, Inc. indicated that:

“In considering a curve of cost-effectiveness versevel of control there are two
considerations. Firstly, will the control devicapstal cost vary with improved efficiency
and secondly, will the operating cost increase witbreasing efficiency. Since the
capital cost is driven largely by the gas volumed aince the volume is essentially
constant there is little if any change in the capitost over the considered range of
efficiencies. With respect to operating cost versfficiency, in the case of sodium
hydroxide, while the utilization does increase withreasing efficiency, the cost of the
sodium hydroxide was low enough to minimize theanpf efficiency on cost. Thus the
merit of plotting a curve of cost versus efficiesegmed of little value.”

12.4 Plot Space

Two vendors provided overall footprint (below) atwdo provided dimensions for individual
components of the control systems. Manufactures#mated a footprint of 32 ft L x 10 ft W,
and Manufacturer D estimated a footprint of 20 fk 20 ft W. In the analysis for available
space, the consultant indicated that:

“The plant has limited space available for additibequipment, approximately a 14’ x 20’
footprint between two existing scrubbers. In additO-1 personnel indicated that the
height of any new equipment could not exceed 30 dkeve the top of the existing
scrubbing vessels. A request was made of O-ldwige us with dimensional information
pertaining to available space for the Manufactufeequipment footprint. They stated that
there is space available. Horizontal distance3sdepending on the location of the ducting
out of the pieces of equipment. This does notitdkeaccount the vertical distance which
will depend on location of entry to the stream.
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Project Timing

The consultant estimated that startup of the cbejaipment could occur 12 months after the
project begins.
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Chapter 13 — ETS’s Analysis for Cement Plant

ETS, Inc. (John McKennd} **was awarded the contract to study the controlneictyies for
two cement kilns and a coal-fired boiler locate€atifornia Portland Cement Co. (CPCC).
ETS Inc.’s analysis and results are summarizelisnahapter.

13.1 Recommended BARCT Levels

ETS, Inc.’s final conclusion in this study is thiats feasible and cost effective to reduce SOx
emissions to a level of 5 ppmv or less using waildaing with caustic solution for two cement

kilns and a coal-fired boiler. The consultant moeended the District to set BARCT at 0.03
Ibs/ton clinker (or 95% control efficiency) for tih&o cement kilns, and 95% control efficiency

for the coal fired boiler.

Excerpts from ETS Inc.’s study are presented below:

“ETS has conducted a top down analysis of altereatommercially feasible control
technologies for the control of $@missions from the cement plant. This analysis
considered the technology which was found to bentbst effective in terms of sulfur
dioxide removal and which can potentially be insihlor retrofitted at CPCC. In the case
of the two kilns, three vendors (Manufacturer A,nMfacturer B, and Manufacturer C)
submitted quotes and performance claims. Giveridpeer removal efficiency (95%), the
Manufacturer B CaC@Scrubber was selected as BARCT for the kilns.

Similarly top down analysis was done for the ca&ef fluidized bed boiler emission
control at the cement plant. Four vendors (Mantdegr A, Manufacturer B,
Manufacturer C, and Manufacturer D) submitted qsaed performance claims. Given
the 95% removal efficiency, both the Manufacturévénturi Reactor & the Manufacturer
B CaCQ Scrubber can be considered BARCT for the coatHilgdized bed boiler.

Cost-effectiveness determinations were executetiddBARCT cases and a summary of
the results are provided in the following table.

Summary of Recommendations

i A Emission Cost
Equipment BARCT Level BARCT Emission L('Vel!?eductions Effectiveness
Kilns 95% control £2 ppmv)| 0.03bs SQ/ton clinker| 0.25 tpd SO | $18.9 K/ton SOX
Cos(l)—iged 95% control €5 ppmv) 0.36 tpd SQ | $ 3.8 K/ton SOX

1 ETS, Inc. team in this project included Dr. Johnkdaona, John Mycock, Dr. James Turner, ChristinakCend

Jeff Smith. (AEC Engineering Inc. was a subcontnafor ETS, Inc. in the refinery study discussedChapter 14 —
Chapter 16. AEC Engineering Inc. was not subcaterhfor the analyses for glass in Chapter 12 amdeat in

Chapter 13.)

12 S0x RECLAIM Study - Final Report — Module 3-E: Wty Scrubbing Technology for Cement Kilns and Coal-
Fired Fluidized Bed Boiler, ETS, Inc., December 2608.
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Note: Baseline SGemissions used in calculations were from 2005 (IKB database for the period from
January 2005 — December 2005)

13.2 Control Technology & Costs

To arrive at the conclusions presented above, HIES donducted an independent literature
research on wet scrubbing (non-regenerative) apdgschubbing control technologies. Sources
for their literature research included Air Wastendgement Association (AWMA), Mcllvaine
Co., U.S. EPA, Industrial Clean Air Companies (IQA@ortland Cement Association (PCA),
and Northeast States for Coordinated Air Use Mamage (NESCAUM). ETS, Inc. research
confirmed the information provided by staff in Phdf Staff Report that scrubbing technology
had been used to control SOx for existing as wetle@w cement kilns and coal fired boilers.

After the literature research, ETS Inc. contacted @asked sixteen (16) vendors in the field of
wet/dry gas scrubbing to provide a budgetary eqgaiftroost and estimated annual operating
cost at the following three levels of performance:

1) Lowest achievable level of efficiency with guarante
2) Next lowest achievable level of efficiency with galatee, and
3) Most comfortable achievable efficiency with guasst

For the vendors to size and estimate the costgiassd with the control device, ETS, Inc.
provided the vendors some of the following critiopkrational parameters:

Kilns Coal-Fired Boiler
Gas Flow Rate 170,000 — 200,000 acfm 60,000 acfm
Temperature 27%F 300°F
Inlet SOx Concentration 5 ppmv — 25 pphiv* 100 ppmv®
Combustion fuel Coal, coke, oil, nat gas, and used Coal
Raw feed material Limestone, silica, and clay

The following four (4) vendors responded to ETS, Birequest of information:

* Dustex

* BoldEco

* Monsanto Envirochem Systems (MECS)
* Solios

13 ETS, Inc. reviewed several RATA tests for the tvilokand the cogen, and in additjagonducted a statistical
analysis on the 2005 and 2008 CEMS data for thekilns, and the 2001 CEMS data for the cogen, atdrchined
that a range of SOx concentrations between 5 ppn®5—ppmv would reflect a reasonable range of SOx
concentrations from the two kilns, and approximat&D0 ppmv would reflect a reasonable range of SOx
concentration from the coal-fired boiler. Theseges of concentrations were provided to the venftorgjuotes
and cost estimates.

14 ETS, Inc. reported thatlrf general, the vendors questioned the low B@els, stating that 200-400 ppm was
more typical of long dry kiln operations. Severéaindicated that before guaranteeing performateel, they
would require pilot testing to confirm design infaation and to optimize operational parameters.”
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Three vendors proposed SOx emission control, stédnguotes, and performance claims for the
cement kilns:

* The first vendor (Vendor C) proposed wet scrublbiemg 20% NaOH solution to
achieve 90% guaranteed control for the two kilns

» The second vendor (Vendor A) proposed a hybridriteldyy, a dry fluid bed scrubber
(reaction tower) following by a pulse jet fabrittdr, using hydrated lime (Ca(OH)2) as
absorbent reagent to achieve 90% guaranteed redudoti SOx

» The third vendor (Vendor B) proposed two differapproaches for emission control:
— a moving bed reactor where the gas is contacteclasarbed on a bed of
limestone granules (CaCO3) to achieve 95% reduc¢izom
— a hybrid technology including a reactor and a pedsfabric filter using hydrated
lime (Ca(OH)2) as absorbent reagent to achieve i&siction

Vendor Control Technology Control SOx Outlet
Efficiency | Concentration
A Hybrid (reactor/scrubber/pulse-jet filter) ugitCa(OH)2 90% <5 ppmv
B Hybrid (reactor/scrubber/pulse-jet filter) usiiza(OH)2 85% <5 ppmv
B Dry scrubber/reactor using limestone CaCO3 95% 5 gpmv
C Wet scrubber using NaOH 90% <10 ppmv

Four vendors proposed SOx emission control, subchduiotes, and performance claims for the
coal-fired boilers:

» The first vendor (Manufacturer C) proposed wet Bbars using NaOH solution to
achieve 90% guaranteed control (<10 ppmv SOXx)

» The second vendor (Vendor A) proposed a hybridriteldyy, a dry fluid bed scrubber
(reaction tower) following by a pulse jet fabrittdr, using hydrated lime (Ca(OH)2) as
absorbent reagent to achieve 90% guaranteed redudoti SOx

» The third vendor (Vendor B) proposed two differapproaches for emission control:
— a moving bed reactor where the gas is contacteclasarbed on a bed of
limestone granules (CaCO3) to achieve 95% reductao
— a hybrid technology including a reactor and a pedsfabric filter using hydrated
lime (Ca(OH)2) as absorbent reagent to achieve i@&@ction

« The fourth vendor (Vendor D) proposed a dry in@etsystem utilizing a venturi reactor
and sodium bicarbonate (NaHCO3) to achieve 95% valreificiency

Vendor Control Technology Control SOx Outlet
Efficiency | Concentration
A Hybrid (reactor/scrubber/pulse-jet filter) uginCa(OH)2 90% <5 ppmv
B Hybrid (reactor/scrubber/pulse-jet filter) usiiza(OH)2 80% <5 ppmv
B Dry scrubber/reactor using limestone CaCO3 95% 5 gpmv
C Wet scrubber using NaOH 90% <10 ppmv
D Venturi reactor using NaHCO3 95% < 5ppmv
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After carefully reviewing all the information cotieed from the literature research and submitted
by the vendors, ETS Inc. concluded:

“Given the higher removal efficiency (95%), the Méacturer B Dry Scrubber was
selected as BARCT for the kilns.”

“Given the 95% removal efficiency, both the Mantiiaer D Venturi Reactor & the
Manufacturer B Scrubber can be considered BARCTh®icoal-fired fluidized bed
boiler.”

Regarding vendors’ cost estimates, ETS Inc. indatat

“.....they were asked to provide a budgetary costrede for the supply and installation
of their equipment. The vendor was also requestedentify any utilities needed and
their expected rate of usage. The vendor was akedto identify the amount and type
of waste generated by the process. If the vendgpfgoach was to modify or retrofit
existing hardware, he was requested to supply & estsmate for those activities. For
example, if the proposed approach was that of dryet injection upstream of the
baghouse, the proposal should have included ammasti for all required equipment
hardware, reagent storage vessels, reagent feedraioimstrumentation, engineering,
construction and installation, etc., as well as -erggineering costs such as site testing
activities to locate the reagent injection siteofatimize system performance with respect
to SQ control and reagent utilizatioh.

The basis for equipment costs was different frorsheaendor. ETS, Inc. applied their
engineering knowledge and judgment to reconcile vahdors’ costs to the same basis.
Regarding the capital costs, ETS Inc. includedolewing categories in estimating the costs:

“Demolition and Decommissioning

Civil/Concrete

Structural

Equipment

Piping & Mechanical

Electrical & Controls

Misc. Direct & Indirect Costs:
Contractor overhead and misc. rentals
Contractor field supervision
Mobilization/Demobilization
Overtime/productivity factor
Freight/shipping
Sales Tax
Commissioning and operating spares
Start-up/initial fill material
On-site training/start-up assistance
FEED engineering through detailed design
Project management”
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ETS, Inc. included the following categories in estting the annual operating and maintenance

costs:

“Annual Maintenance Costs
Periodic Maintenance Costs

Additional Operating Costs

Utilities:
Natural Gas
Electricity
Water
Wastewater
Cooling Water
Compressed Air
Solid Waste Disposal

A list of assumptions used by ETS, Inc. for cosinegtion was summarized by ETS, Inc. in

Table 11 of the final report.

13.3 Emission Reductions & Cost Effectiveness

A summary of emission reductions, cost estimated,cast effectiveness using 25-year life for a
wet gas scrubber and 4% interest rate estimat&iBy Inc. is shown below:

d)

d)

Two Scrubbers One Scrubber for g

for Two Kilns Coal-Fired Boiler
2005 Baseline Emissions tpd 0.27 0.38(if operate
Emission Reductions tpd 0.25 0.36(if operate
Equipment Costs $ million 16.6 4.7
Capital Costs $ million 19.6 6.1
Annual Operating Costs $ million 1.5 0.39
Present Worth Value (25-year life)$ million 43.7 12.6
Cost Effectiveness Factor $ per ton 18,893 3,818

ETS, Inc. did not estimate emission reductionscosl effectiveness associated with other levels
of control (90% or 80%). ETS, Inc. indicated that:

“In considering a curve of cost-effectiveness versevel of control there are two

considerations. Firstly, will the control devicepital cost vary with improved efficiency
and secondly, will the operating cost increase witbreasing efficiency. Since the
capital cost is driven largely by the gas volumel aince the volume is essentially
constant there is little if any change in the capitost over the considered range of
efficiencies. With respect to operating cost versfficiency, in the case of limestone,
while the utilization does increase with increaskf@jciency, the cost of the limestone
was low enough to minimize the impact of efficiamtyost. Thus the merit of plotting a
curve of cost versus efficiency seemed of litleesa
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13.4 Plot Space

The plot space needed for each hybrid dry limessmmebber located upstream of the existing
baghouse of the Portland cement kiln was estimatég approximately 50 ft L x 40 ft W. ETS,
Inc. conclusion on plot space availability was @fv:

“With the exception of moving some existing coakpihere appears to be no limitation
on available space for prospective equipment fatitawhal SQ control on the two
cement kilns. If necessary, the existing baghocselsl be considered for technology
approaches (such as spray drying) requiring afittellector after the reaction vessel.

In this scenario the baghouse would serve the gugdose of particulate control and the
dust cake (on the bags) would provide an additiaital for the reaction of the reagent
with the SQ”

The plot space needed for the dry scrubber locapstream of the existing baghouse of the
COGEN coal fired boiler was estimated to be apprnately 10 ft L x 10 ft W. ETS, Inc.
conclusion on plot space availability was as follow

e there appears to be no limited space for prospeciyuipment for additional SO
removal on the COGEN. In addition, if the physioatgrity of the existing pulse jet
baghouse is sound, it could probably be utilizeddnjunction with some of the dry or
semi-dry scrubbing technologies. This could beagdished by replacing any
malfunctioning components such as valves, timerspers, etc., and replacing the
existing bag set with high efficiency PTFE membiriaags”

Project Timing

The consultant estimated that startup of the cbejaipment could occur 24 months after the
project begins for both the cement kilns as wethascoal fired boiler.
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Chapter 14 — ETS/AEC’s Analysis for Fluid Catalytic ~ Cracking Units

ETS, Inc. (John McKenndj®was awarded the contract to study the controlnelcigies
(wet/dry scrubbers) for FCCUs located at six rafemin the District. ETS, Inc. subcontracted
a part of the study to AEC Engineering fdicThe ETS/AEC's analysis and results for FCCUs
are summarized in this chapter.

14.1 Recommended BARCT Levels

ETS, Inc.’s final conclusion in this study is thiats feasible and cost effective to reduce SOx
emissions to a level of 5 ppmv or less using waildzing with caustic solution for six refineries

in the District. ETS’s recommended the Districs@dBARCT at 5 ppmv, approximately 2.32
Ibs/thousand barrels feed, or 87% control, averagig across six FCCUsn the District. ETS

Inc. estimated total emission reductions from tB@3®baseline were 3.07 tpd at an average cost
effectiveness of $24.6 K per ton SOx reductt?

Excerpts from ETS Inc.’s study are presented below:

“The final estimates of SOx reductions for the Med2A BARCT-designated measures are
tabulated below:
Module 3A Forecasted SOx Reductions (tons/day)etfinéty

Refinery: 1 2 3 4 5 6 Total
Equipment Type FCCU 0.58 0.19 0.28 0.20 0487 0.04 .07 3

The following table gives a summary of the Modéle8st effectiveness ratios by refinery
following implementation of the respective meassetscted by ETS/AEC:
Module 3A Cost Effectiveness ($/ton of SOx) bynBsfi

Refinery: 1 2 3 4 5 6 Avg. for
All

Equipment Type FCCU $14.4k $76.2k $36.6k $42.1k .6811$12.8k  $24.6k

15 ETS, Inc. team in this project included John McKa&nRh.D., Robert Kunz, Ph.D., P.E., James TurneD.P
Christina Clark and Jeff Smith. The consultantsgoaphies are attached in Appendix 11-B of thisomtp

18 sox RECLAIM Study - Final Report — Module 3-A: Wty Scrubbing Technology for Refinery Fluid
Catalytic Cracking Units (FCCUSs), Refinery Boile¢igaters, and Refinery Sulfur Recovery Units (SR&mg] Tall
Gas Treatment Processes, AEC Engineering Inc./EGES,April 20, 2009.

7 AEC Engineering, Inc. team in this project includeav Heistand, P.E., Kristie Williams, P.E., JaSowards,
Jesse Pikturna, Ph.D., and Britton Miller, P.E.

18 The estimated emission reductions 3.07 tpd wergdtactions calculated from the 2005 baseline dmsttrin
Part | of the Staff Report for all six FCCUs in théstrict. Note that this 3.07 tpd estimated ratucs from
ETS/AEC was not the same as the RTC reductionsatstd in Part 11l of Staff Report for FCCUSs.

19 The cost effectiveness of $24.6 K is an averagdiverrefineries. One refinery in the District @ddy installed
and has operated a wet gas scrubber to meet ttieutste emission standards in Rule 1105.1, arglghs scrubber
also meet the limeit of 5 ppmv proposed by ETS/AEC.
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14.2 Control Technology & Costs

14.2.1 Control Technology

‘To arrive at the conclusions presented above, BE€Sand AEC Engineering Inc. conducted an
independent literature research on wet and dry bbong technologies including non-
regenerative, regenerative, and sea water. Aftdr ETS/AEC contacted vendors for feasibility
and cost information. As indicated by ETS/AEC:

“Insofar as the wet and dry gas scrubbing technelegare concerned, information
provided by SCAQMD was very helpful in identifysmme of the vendors that were
considered in this study. Contact was made withvahdors listed in the SCAQMD
preliminary report and a number of vendors that evaot listed. After initial discussions
with vendors, careful reviews of various resouragse conducted: literature provided

by vendors; the April 2008 Preliminary Draft St&féport; in-house files; public domain
articles and reports; and conversations with indyusixperts. At that point, five different
technology providers were selected for detailedlysis of installation and operation

economics....”

The technologies and vendors that ETS/AEC condetifar further analysis (e.g. costs) for
FCCUs were:

* BELCO (non-regenerative wet gas scrubber)
» MECS (non-regenerative wet gas scrubber)
» Hamon (dry scrubber)

» Alstom (sea water scrubber)

Regarding BELCO technology, ETS/AEC stated that:

“BELCO (DuPont) has more than 65 EDV wet scrubbygiesns in refineries, at least 61
of which are in FCCU applications and 156 EDY wet scrubbing systems in other
applications. BELCO also has examples of EDV apfibns for SRU/TGTU and refinery
boilers and heaters (DuPont Power Point PresentgtR008). In a letter sent to ETS from
Nick Confuerto, Vice President, Technology, SalesVi&rketing of BELCO, it was
confirmed that the guaranteed SOx outlet concenimabased on the refinery-specific
information provided would be 5 ppmv. The EDVizd8 a Purge Treatment System to
decrease the COB' and suspended solid content of the effluent. afifigr is used to
collect the solids and then they are filter-presaad disposed. The oxidation is facilitated

20 EDV® is a trademark wet gas scrubber manufactured @mglisd by BELCO (Dupont).

%1 coD stands for Chemical Oxygen Demand, a commosid umeasurement for water quality. It measures the
capacity of water to consume oxygen during the dgxusition of organic matter and the oxidation adrganic
chemicals such as ammonia and nitrite. It is @iréet measurement of the organic compounds (migeogsms)
that survive in the waste water samples.
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in a tower with air forced through the effluentdonvert all sulfites to sulfates. After these
two steps the effluent is safely discharged tonthgte water treatment plaht.

Regarding MECS technology, ETS/AEC stated that:

“....MECS developed their DynaWave technology in the049and has over 300

installations worldwide (Kixmiller, 2008). Specitxamples are two Sinclair oil refineries
in Wyoming. According to a published paper titléldynaWave Wet Gas Scrubbing: A
New Alternative for Claus Unit Tail Gas Clean-Upftritten by Steven F. Meyer, Ed Juno,
Nick Watts, and Cristina Kulczycki, each refinenstalled a DynaWave scrubber for
SRU/TGTU stack treatment. The results of stadintesvas a 99.99% sulfur removal.

The DynaWave mitigates the effluent COD by injgcéim into the sump of the vessel in
order to oxidize the sulfites. The sump is alssigieed to allow adequate retention time
for the oxidation to take place. As a result, ¢fituent water can be discharged directly to
the wastewater treatment plant, provided the COIle are continuously monitored and
maintained within an acceptable range. Accordioghe paper, the COD at the Casper,
WY refinery ranged between 50 and 150 rhg/l

Regarding dry scrubbing technology provided by Hantelr S/AEC stated that:

“The dry scrubbing technology evaluated in this wtisdHamon’s. It was evaluated for
both FCCU and heater and boiler applications. Acing to information on its website,
Hamon FGD technologies are installed in twenty ¢ges and treat over 65,000 MW of
power generation capacity. Hamon also has a |laagding relationship with refineries
world wide with over 100 ESP installations on FCCUShere is no example of a dry
scrubber installation in a refinery. However, tlewel of experience in FGD and general
refinery applications is adequate to describe tehhology as field demonstrated. In an
email sent to AEC, a Hamon Research employee quo®@i% removal efficiency for
streams with 300-400 ppmv SOx. Because flue gastte South Coast refineries are
typically below this range, the removal percentagexpected to be below 90% in most
cases. Typically, it is governed by the SOx ogtbeicentration, which is not forecasted to
fall below 10 ppmv on a guaranteed basis. Heroe,rémoval percentage for Hamon’s
dry gas scrubber is application-specific in thesdineries and generally will be below
90%. One additional consideration for all typesdsf/ scrubbers is the issue of solids
handling. The effluent gas will have considergideticulate matter that must be removed.
Therefore it is necessary to install some typermE&P or baghouse downstream from the
scrubber. The solids handling equipment will needollect both dry particulate matter
from the scrubber and particulate from the FCC. isTimntroduces additional complexity
with respect to available plot space and capitglenditure”

After several months of technical analysis and t®wgeks visiting the refineries, ETS/AEC
concluded that wet gas scrubbing was an aged-dichtdogy which should be very familiar to
all six refineries in the District:
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“One WGS vendor, Belco Technologies CorporationL(@8), has provided a lengthy
application list..., with contracts awarded on as mas sixty-one (61) FCCU units and
two (2) fluid cokers. Total FCCU capacity treategl BELCO scrubbers is noted as
3,228,700 bbl/day. The concept of using a WGShdhGCU should be familiar to four
(4) of the six (6) refining companies operating tlxs Angeles, CA area since they are
listed as customers employing BELCO WGS technalndlge FCCUs at their other
refineries...........

Another vendor of WGS technology, Exxon (Now ExxdiM has also developed WGS
technology. It is used in their own refineries atathers under license...... As of 1999,
they cite a total of fourteen (14) such installaso One of the Exxon papers .... pictures
a number of FCCU scrubbers located in tight sp@&saduse the required plot space was
not otherwise available, including a photographraafreative solution in which the
scrubber is mounted on stilts above a road.”

Regarding vendors’ guarantee, ETS/AEC indicatetBEA. CO and MECS were willing to
provide guarantee on 5 ppmv:

“BELCO has provided numerous wet gas scrubber&f€Us in the United States and
on a worldwide basis. Based on that experiencé,BEhas given a guarantee of 5 ppm
SO from a wet scrubber if installed on any of the R€X1n the District. MECS
DynaWave, with at least three installations on FCf@generator flue gas, will also
guarantee 5 ppmv SOBELCO has indicated that most of their unitsragein the near
zero ppm range, with the most recent performanstefitem one of these at a fraction of
a ppm (corrected to 0% A...”

In addition, ETS/AEC cited one full-scale instalbat that they were aware of:

“.... The study team is aware of another full-sca& gas scrubber operating on an
FCCU in a petroleum refinery at an $@mission level of 5 ppmv or less on a long-term
basis.”

To be conservative in their BARCT recommendatiohSEAEC recommended BARCT to be set
at 5 ppmv. The vendors and ETS/AEC did not reconthiewer levels just to avoid CEMS
measurement uncertainty:

..... the recommended BARCT level for fluid catalytacking unit (FCCU) SOx
emissions is 5 ppmv on a dry basis. This is dérir@n an achievable concentration
when employing wet gas scrubbing (WGS), a prowdmtdogy demonstrated in practice
on this type of emission source. It is believed ghiower outlet concentration is indeed
possible. However, a lower concentration may reotdiably measurable because of
unavoidable accumulated error in the source tegrence methods and/or the
permissible tolerance in continuous emission maimigosystem (CEMS) measurements.”

“...After careful consideration of the various scrifp approaches and review of the
technical responses and guarantee statements dffére the suppliers of these
technologies, it is the recommendation of the E&&nt that non-regenerative wet
scrubbing be considered on a purely technical basi8ARCT for the FCCUs, Refinery
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Boiler/Heaters, and SRU/TGTU processes under stadodule 3A, with an overall
BARCT level of 5 ppmv.”

14.2.2 Costs

To gather budgetary quotes from vendors on costsiamg information, ETS/AEC provided
the vendors important critical information (e.gsdw rate, inlet SOx concentration, flue gas
temperature) for a generic scenario. ETS/AEC aelglthe vendors’ quotes information to
match each refinery specific conditions. ETS/AH&inced that their approach would ultimately
generate cost information within +/- 40% rangehaf ¢xpected actual costs. As ETS/AEC
stated that:

“The methodology and techniques utilized during pinggect in the sizing of equipment
for a new application ..... are exactly those usedny engineering endeavor. First, of
course, we obtained a full understanding of how éRisting system is configured and
operates; those things are known by means of the \g6it, underlying industry
knowledge, interviews of refinery personnel, reffrmubmitted data and drawings, etc.
The second step was to conceptualize how the egotpamder consideration is to be
installed. This step also includes identifying pleeformance parameters to be achieved.
In doing so, we quantified the expected rangeseofice and efficiency, so that an
appropriate over-design allowance could be appliget purpose of which is to ensure
that the performance objectives will reliably betrmegen if the underlying process is
running at one extreme or another of its normal gan Next, all the pertinent
information was communicated to the equipment &tive, usually for pricing
determination, but sometimes also to confirm thagiexercise. In all cases, evaluating
specific technology options required eventual cowtlon with the manufacturer or
licensor to get verification of critical assumpt®and/or conclusions.

Since the study encompassed multiple facilitiessystems with widely different process
flows and arrangements, and because, furthermoheret were several optional
technologies looked at for each installation, tléal collection of potential measures
was extraordinarily large. Thus, it was impossible the timeframe available—to
address every one of the individual cases withlaséi of vendor inquiries. Instead, the
team made use of generic, but representative badgeuotations and published cost
studies for the various technologies. Each sudiférence point” (i.e., package cost and
performance data for a prescribed process operatiogdition) was then used as a basis
for extrapolation to other locations and design dions. For a specific application,
the key sizing criterion (typically the process ainghput—e.g., SCFM of gas) is
determined or calculated from the relevant openagiodata. Then, to generate the
probable capital purchase cost ($PC), that criteriovalue (V) is divided by the
comparable numerical capacity (Cr) from the “refeoe point” package. Using the
baseline capital cost ($BCr) for that “reference i, the desired capital cost is
mathematically calculated via a conventional powerve relationship:

$PC =$BCr x (V/ICr)~ n
where n is an appropriate exponent between .5 abd 1
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This approach is commonly used in engineering sgjdind has been widely described
in reference books such as Marks Standard Handlbooliechanical Engineersind
Perry’'s_Chemical Engineers’ HandbaokFor our studies, the exponent value, n, was
normally assigned a value between 0.6 and 0.7 hgeahat historically has given good
estimates for industrial equipment packages.

In so far as the pertinent sizing criteria were cemed, they were compared to
nameplate duties for other, similar units for rouggrification purposes. Also, input was
sought directly from the manufacturers’ representd, as well as public domain
literature and published case studies. In the ehd,checking procedures employed by
the team members helped us to achieve rough, barggetirchase costs, knowing that
any loss in precision in arriving at those costsuwdobe adequately covered by the very
broad overall cost ranges (i.e., +/- 40%) expediadthe ultimate results.”

Regarding estimates for capital costs, ETS/AECceugid that:

“AEC worked as closely as possible with the teclyyokuppliers to gather the direct
capital cost estimates for this project. (Whereaible, too, we compiled net
installation costs which had been reported by ttamufiacturers for “reference points”,
as described in the preceding section. Those “key’ costs were used to check the
built-up cost estimates assembled by the projeshie Also, we took advantage of our
relevant and extensive corporate knowledge basesiimilar projects. Every valid
method was employed to give the best possible obutdn addition, as mentioned in
Section A, above, indirect costs for impacts tbtigs and infrastructure were estimated
and included.)....

...Owing to the fact that all the cost estimating &skere conducted in a very
preliminary, conceptual fashion, the overall acatyaof the capital cost determinations
is no better than +/- 40%. Considerable enginegratudy would be required to refine
the cost estimates and arrive at narrower accunasges”

Regarding annual operating costs, ETS/AEC explathen approach as follows:

“Unit rates for the principal cost-incurring utilés were requested from the refineries at
the outset of the study. In several cases, ekpltues were provided in response to the
requests; those values were used as reported toRe. all other instances, generic
estimates—obtained from other work by AEC at varidls. refineries—of the unit rates
were utilized...

...The majority of the suggested control technologieapgrades include the need not
only for additional utilities but also raw materglsuch as a scrubbing agent or catalyst.
Costs for those items were estimated through ctatgal with a technology supplier or

in-house expert. The appropriate third party rea®euor corporate engineer(s) based the
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qguantity determinations on the specific characterss of the technology under study.
Once a gquantity was determined, a local materiadtcaoas obtained for use in the
calculations...

...Early in the project, AEC had requested from tbfneries the average hourly costs
for various labor classifications on typical cagdifarojects. When plant-specific values
were not provided, we used generic labor rates #natintended to reflect average fully-
burdened costs for jobs inside a South Coast mgfine

...The computation of chemical (such as NaOH) gquestiised by the various measures,
and the amounts of waste products generated by, theme very straightforward. In
almost all instances, the manufacturers’ literatyevided guidelines and/or explicit
case studies. That information was used via ditecale-up” multipliers, based on the
key parameter(s) involved...”

ETS/AEC applied their engineering knowledge andjinent to reconcile all vendors’ costs to
the same basis. Regarding the capital costs, Ed.Snicluded the following categories in
estimating the costs:

“Demolition and decommissioning

Civil/concrete

Structure

Equipment

Piping and Mechanical

Electrical and controls

Miscellaneous indirect costs include:
Contractor overhead, typically 8 % of direct fid&bor (DFL)
Contractor field supervision, typically 12 % of DFL
Mobilization/demobilization, typically 10 % of DFL
Overtime/productivity factor, typically 12 % of DFL
Freight and shipping, typically 8 %, of materials
Sales tax, typically 7 % of materials
Commissioning and operating spares, typically S5fmaterials
Startup/initial fill material, typically 2 % of matials
On-site training/startup assistance, depends ornegato
Front-end engineering design, depends on projeet si
Project management, depends on project size
Design development allowance, 10% of total
Contingency, 25-40% applied against the bottom-tiapital cost estimate

ETS, Inc. included the following categories in estting the annual operating and maintenance
costs:
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“Annual Maintenance Costs
Periodic Maintenance Costs
Additional Operating Costs
Utilities:

Natural Gas

Electricity

Water

Wastewater

Cooling Water

Compressed Air

Solid Waste Disposal

A list of assumptions used by ETS/AEC for costreation was summarized in Table 4-1 of the
ETS/AEC's final report for Module 3-A.

14.3 Emission Reductions & Cost Effectiveness

A summary of emission reductions, cost estimated,cast effectiveness assuming 90% control
(5ppmv), 25-year life for a wet gas scrubber, abtl idterest rate estimated by ETS/AEC is
shown below:

SOx Reductions (tons/day) for FCCUs by Refineppfiv)

Refinery: 1 2 3 4 5 6 Total
Equipment FCCU| 0.58 0.19 0.28 0.2D 0.87 0.94 3.07

Cost Effectiveness ($/ton of SOx) for FCCUs byrieefi(5 ppmv)

Refinery: 1 2 3 4 5 6 Avg. for All
Equipment FCCU| $14.4k $76.2k $36.6k $42.1k $11.6K2.8k $24.6k

In addition, ETS/AEC provided an estimate for tbkofwing emission reductions and cost
effectiveness associated with the most stringentfdasible level of control (98%) in Table A-3
and A-4 of their final report:

SOx Reductions (tons/day) for FCCUs by Refiner$o(98

Refinery: 1 2 3 4 5 6 Total
Equipment FCCU| 0.60 0.30 0.35 0.24 0.94 1.01 3.45

Cost Effectiveness ($/ton of SOx) for FCCUs byniegfi(98%)

Refinery: 1 2 3 4 5 6 Avg. for All
Equipment FCCU| $14.0k $48.0k $29.5k $35.2k $10.7K1.9% $21.5k

Regarding the average cost effectiveness, ETS/A(Cated that:
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“One refinery has already installed a wet gas sceuldn its FCCU regenerator.... the
cost effectiveness ratio for this refinery wasinotuded in any of the average cost
effectiveness calculatioris.

14.4 Plot Space

ETS/AEC conducted an analysis for plot space atdfieeries to accommodate the wet gas
scrubber and its associated equipment (e.g. addltfan, waste water handling system, plume
mitigation system), presented their analysis indhwfidential portion of the report, and
concluded that space was available at all fivenezfes for additional control:

“Wet gas scrubber equipment footprints and spaceirements for the FCCUs and the
SRU/TGTUs are shown in the confidential appendicegach refinery where measures
have been selected. These specifications have tm@pared with the plot plans
provided by the respective refineries, and whengliagble, are presented in the costing
workbooks’

14.5 Project Timing

AEC/ETS estimated that startup of the control eopgpt could occur within 3 calendar years
after the project begins:

“ETS believes that it is conceivable that ....emisseduction ..... can be achieved from
the refineries implementing the commercially avaldameasures described in this
project within a construction time frame of approgitely 3 calendar years or less
following the completion of study designs and esgjimg.”
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Chapter 15 — ETS/AEC’s Analysis for SRU/Tail Gas Sy stems

15.1 Recommended BARCT Levels

Through the data provided to ETS/AEC by the refe®rthere was one refinery regularly vented
the flue gas to the atmosphere, and the remairgfigeries treated or incinerated the tail gas
from their SRU/TG systems. Because of this distncin the refinery’s operations, ETS
divided their recommendations for SRU/TG into tweass: the first recommendation is for the
uncombusted tail gas:

“For uncombusted tail gas, the limits of Subpar{J&), namely 10 ppm H2S and 300
ppm reduced sulfur species (total of H2S, COS, @8@), should continue to apply.
Refineries should be encouraged to reduce emissim@s to be able to vent rather than
having to combust SRU / TGTU tail gas.”

The ETS’s second recommendation for the combusikdas is as follows:

“For combusted / incinerated tail gas, 5 ppmv SOX® O2 should be defined as the
overall BARCT level for all refineries, based onufibed flue gas, but permissible to
achieve by whatever means possible. A level ppiht would allow a greater number
of refineries to meet the overall BARCT level lydhs treatment methods of Module 2
without having to install a wet gas scrubber (Maxl8A)”

15.2 Control Technology & Costs

To arrive at the conclusions presented above, B€Sand AEC Engineering Inc. conducted an
independent literature research on wet and dry bbong technologies including non-

regenerative and regenerative for Module 3A; andnemous technologies for Module 2

including expansion of Claus process, sub-dewgmintess, selective oxidation catalyst, TG-10
additives, and additional sulfur capture at thdusupit. After the literature search, ETS/AEC

contacted vendors for feasibility and cost inforiomat

The five technologies and vendors that ETS/AEC eatrated for further analysis (e.g. costs)
for SRU/TG systems were:

* Lurgi (sub-dewpoint HydroSulfreen process)
 EmeraChem Power LLC (selective oxidation catalyst)
* Gas Spec (TG-10 additive)

* Cansolv & BELCO (regenerative wet gas scrubber)

» Tri-Mer (non-regenerative wet gas scrubber)

For Lurgi Hydrosulfreen process, ETS/AEC stated:tha
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“The HydroSulfreen process is an improvement onilsuBulfreen process. It adds a
hydrolysis step to this process. There are overS4iireen processes in operation
worldwide. In August of 2000, there were four HbSlalfreen plants licensed.

The HydroSulfreen® process is typically used featment of tail gas from refineries.
The effluent from an existing Claus plant is firgtated in a hydrolysis reactor, where
species such as SOx, £.8nd COS are hydrolyzed to form34 The effluent from the
hydrolysis reactor is typically sent to the Sulfi@e process, which operates at
temperatures lower than the dew point of sulfure@gng the converters at these
temperatures increases the conversion to elemsatalr, thereby increasing the overall
efficiency of the unit.

ETS/AEC estimated that the costs of conversion frmmmal Claus unit to HydroSulfreen were
high and the cost effectiveness was in a range3afd®0 - $600,000 per ton of SOx reduced.
This technology was not recommended by ETS/AE@atfihal selection stage.

Regarding EmeraChem Power LLC’s catalyst oxidapimtess, ETS/AEC stated that:

“EmeraChem ESx catalyst can capture multiple spgcies, including SOSQ, and
H,S. In addition to sulfur capture, the catalystlwdéstroy CO, VOC, and Particulate
Matter (PMy). These units are typically used to treat combusexhaust gases from
incinerators, heaters, turbines and boilers.

EmeraChem does not appear to have its Ehnology installed as a stand-alone SOx
control technology at any refinery...... EmeraChem hasiged assurances that their

technology works to reduce pollution in exhaustegascross many types of unit
operations, including refinery processes, gas tueBi boilers, process heaters, and
diesel engines.”

EmeraChem platinum catalysts can be used to mégas that has or has not been incinerated.
The tail gas that has not been incinerated mudtdated to the temperatures where the ESx
catalyst is active (minimum at 60F). ETS/AEC estimated that the cost effectivenfess
Emerachem catalysts was in a range of $10,000,086(er ton of SOx reduced.

EmeraChem provided ETS/AEC a letter specificallyest the following performance guarantee:

“EMx System Emission Concentration:

Parameter Percent Removal
NOXx at Catalyst Outlet (EMx) < 2.0 ppmvd 92% gudesal
CO at Catalyst Outlet < 3.0 ppmvd 98% guaranteed
SO: at System Outlet 3.85 ppmvd  98% guaranteed
H2S at System Outlet 0 ppmvd 98% guaranteed
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The catalyst warranty period is 5 years. Expedifedof the catalysts is 10-15 years.”

Regarding TG-10 additives, ETS/AEC stated that:

“TG-10 can be added to tail gas treating amine syste TG-10 is a proprietary amine
mixture offered by INEOS Gas/Spec. It has beeigmes to be highly selective fonL&l
INEOS Gas/Spec has published data, comparing thalskties of TG-10 and MDEA in
actual tail gas plants....... For many reasons similarthose in fuel gas treating, the
effectiveness ratios for TG-10 can appear to béecaiiractive:.

ETS/AEC estimated that the cost effectiveness 1Gr1D additives was between $2,000 and
$3,000 per ton of SOx reduced, however the poteoti@mission reductions was quite small

0.04 tpd - 0.07 tpd, and most of the refineriesady used TG-10 in some fashion. Therefore,
this measure was not recommended by ETS/AEC dinthleselection stage.

Regarding Cansolv and BELCO regenerative wet gasbmg technology, ETS/AEC stated
that:

“Regenerative wet gas scrubbing was studied asempat measure to reduce emissions
from the SRU/TGTUs. Two manufacturers were coreidéor RWGS: BELCO'’s
Labsorb and Cansolv. Cansolv was chosen, in paddic for SRU/TGTU stack
treatment, because they had more experience with/T8RTU incinerator stack gas
scrubbing.”

Regarding Tri-Mer non-regenerative wet gas scrydb&s/AEC stated that:

“Non-regenerative wet gas scrubbing of the sulfanptail gas was also studied (Tri-
Mer’s Cloud Chamber Technology). These units yoeally less expensive to install
than a regenerative system, but they consume lalgenes of water and produce waste
water. However, they are very effective at redg&®Ox emissions.”

Tri-Mer provided ETS/AEC a guaranteed letter speally stated the inlet parameters (gas
volume and temperature) provided to Tri-Mer andftdtiewing statement of guarantee:

“With regard to the specifications provided to Ter by ETS Inc., based on the design
conditions, Tri-Mer will guarantee330 ppmv inlet SO2 tg7.0 ppmv outlet for SO2.”

ETS/AEC indicated with confidence:

“Guaranteed outlet SOx concentrations of 5 ppmeragtrubbing can be achieved, in
the worst case at 95% SOx removal efficiency; istroases, the required scrubbing
efficiency for a 5-ppmv SOx outlet is considerdbdgs. BELCO has demonstrated
experience in scrubbing the SOx from incineratdfiisplant tail gas as well.
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Besides wet scrubbing technology, ETS/AEC alsocisugid that flue gas treating techniques
(e.g. EmeraChem) can possibly bring down the SGxlével of 5 ppmv — 10 ppmv:

AU it has been found possible in this study atscetiuce SRU ppm SOx to the
atmosphere by the gas treating techniques invdstigaThose results are all below 10
ppmv, and in many cases below 5 ppmv”

To gather budgetary quotes from vendors on costsiamg information, ETS/AEC provided
the vendors important critical information (e.gsdw rate, inlet SOx concentration, flue gas
temperature) for a generic scenario. ETS/AEC aelglthe vendors’ quotes information to
match each refinery specific conditions. ETS/AH&inced that their approach would ultimately
generate cost information within +/- 40% rangehaf €xpected actual costs. Please refer to
section 14.2 for further information on ETS/AEC{spaoach.

15.3 Emission Reductions & Cost Effectiveness

For three refineries (Refinery #1, #3 and #4), BRESZ recommended to implement the control
technologies described in Module 2 report. Fos¢htiree refineries, ETS/AEC estimated the
following emission reductions (estimated from tl®2 actual emissions) and cost effectiveness:

SOx Reductions (tons/day) for SRU/TG by Refinery

Refinery: 1 3 4 Total
Equipment SRU/TG  0.13 0.15 0.04 0.31

Cost Effectiveness ($/ton of SOx) for SRU/TG bin&ef

Refinery: 1 3 4 Avg. for All
Equipment SRU/TG  $22.4k $12.9k $54.7k $21.9k

For the remaining three refineries (Refinery #3, @hd #6), ETS/AEC recommended to
implement wet gas scrubbers described in Moduler8port. For these three refineries,
ETS/AEC’s recommendations for the emission redustigestimated from the 2005 actual
emissions) and cost effectiveness are as follows:
SOx Reductions (tons/day) for SRU/TG by Refinery
Refinery: 2 5 6 Total
Equipment SRU/TG 0.17 0.06 0.29 0.52

Cost Effectiveness ($/ton of SOx) for SRU/TG bin&gf

Refinery: 2 5 6 Avg. for Al
Equipment SRU/TG  $39.0k $123)2K36.3k $46.8k

The overall estimates for emission reductions rfestied from the 2005 actual emission levels)
and average cost effectiveness for six SRU/TG syste as follows:

Proposed Amended Regulation XX 32 June 2009



Draft Staff Report Chapter 15 — ETS/AEC’s Anadykir Sulfur Recovery Unit/Tail Gas Systems

SOx Reductions (tons/day) for SRU/TG by Refinery

Refinery: 1 2 3 4 5 6 Total
Equipment SRU/TG  0.13 0.17 0.15 0.04 0.p6 029 0.83

Cost Effectiveness ($/ton of SOx) for SRU/TG bin&ef

Refinery: 1 2 3 4 5 6 Avg. for All
Equipment SRU/TG $22.4k $39.0k $12/9k $54.7k $1236.3k $37.4k

15.4 Plot Space

With plot space information estimated directly bg vendors, ETS/AEC conducted an analysis
for plot space at the refineries to accommodatevittegas scrubber and its associated equipment
(e.g. additional fan, waste water handling systglome mitigation system). Their analysis was
included in the confidential portion of the reportSsTS/AEC concluded that space was available
at all refineries for this type of control:

“Wet gas scrubber equipment footprints and spaceiregents for the FCCUs and the
SRU/TGTUs are shown in the confidential appendicegach refinery where measures
have been selected. These specifications have t@m®pared with the plot plans

provided by the respective refineries, and whengliagble, are presented in the costing
workbooks’

15.5 Project Timing

AEC/ETS estimated that startup of the control eopgpt could occur within 3 calendar years
after the project begins:

“ETS believes that it is conceivable that ....emisseduction ..... can be achieved from
the refineries implementing the commercially avalgameasures described in this
project within a construction time frame of approgitely 3 calendar years or less
following the completion of study designs and esgjiimg.”
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Chapter 16 — ETS/AEC’s Analysis for Refinery Boiler  s/Heaters

16.1 Recommended BARCT Levels

For refinery boilers/heaters, ETS/AEC studied tbehhologies for pre-treatment of fuel gas
prior to combustion in Module 2, and the technadsgfor post-treatment of flue gas after
combustion in Module 3A.

Regarding the pre-treatment of fuel gas prior tmlsostion, ETS/AEC stated that:

“the present value of 40 ppmv total sulfur in refin fuel gas be retained as the Best
Available Retrofit Control Technology (BARCT) Iéyeind

Regarding the post-treatment of flue gas from bgfteeaters after combustion, ETS/AEC stated
that:
“For the heaters and boilers, post-combustion emissontrol is often expensive due to

the combination of the relatively low concentraiaf SOx in flue gases and the division
of the fuel gas stream among a number of heatetdailers. Pre-combustion control,
studied in Module 2, has been found to be morailsiatfor the majority of situations.”

ETS/AEC’s conclusions on emission reductions (est&a from the 2005 actual emissions) and
cost effectiveness for pre-treatment of fuel gasfmlers/heaters are:

“The measures recommended by AEC are the measategatie the largest expected
SOx reduction potential while also featuring thestn@asonable cost effectiveness. The
total overall emissions reduction is approximat@Ig9 tons per day SOx.

The overall cost effectiveness for refinery fuet,gaveraged over the commercially
available measures that AEC recommended for theemréds in this study, is estimated to
be $16,823per ton SOx reduced. The study team estimates ahgtgiven cost

effectiveness number has an expected range soreeplitlsin the band of -10% to
+50%."

Since ETS/AEC does not recommend a new BARCT levddoilers/heaters, staff will not
describe this portion of ETS/AEC analysis in dstdilowever a summary is included in
Appendix II-A of this report.
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Appendix II-A — Summary of Consultants’ Recommended

Control Technology & Costs

Fluid Catalytic Cracking Units

Type
Refinery 1 Refinery 2 Refinery 3 Refinery 4 Refinery 5 R efinery 6
Control Technology WG “u9> w
)
§ 0
Number of Vendors Provided 3 Vendors: 3 Vendors: 4 Vendors: 3 Vendors: 3 Vendors: = 8
Quotes & Vendor's Names BELCO, Hamon, | BELCO, Hamon, | Belco, Hamon, | BELCO, Hamon, BELCO, Hamon,| ©
MECS MECS MECS, Alstom MECS MECS =
Vendor Guarantee/Quote #1 [BELCO <5ppmv BELCO BELCO BELCO BELCO
<5ppmv <5ppmv <5ppmv <5ppmv
Vendor Guarantee/Quote #2 MECS MECS MECS MECS MECS
S5ppmv S5ppmv S5ppmv S5ppmv S5ppmv
Inlet Parameters Provided for Flow: 93 Kscfm; | Flow: 225 Kscfm | Flow: 145 Kscfm | Flow:101 Kscfm | Flow: 65 Kscfm | Flow:158 Kscfm
Costs & Sizin Temp:400-600F Temp: 560 °F Temp: 539 °F Temp: 500 °F Temp: 539 °F | Temp: 545 °F
9 SOx: 54.8 ppmv | SOx: 11.5 ppmv | SOx: 20.7 ppmv | SOx: 20.6 ppmv | SOx: 21.8 ppmv| SOt: 54.7 ppmv
Vendor for costs/sizing (note 1) BELCO BELCO BELCO BELCO BELCO BELCO
Plot Space Estimated 35'Lx45'W 40'L x 50' W 40'L x 50' W 35'Lx45'W 30'Lx40'W 40'L x 50' W
Equipment Cost ($ million) 21 39 29 24 34 147
Capital Cost ($ million) 60 101 78 66 90 395
Present Worth Value ($ million) 76 133 95 78 110 493
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Appendix II-A (Continued)

Type Sulfur Recovery Units/Tail Gas
Refinery 1 Refinery 2 Refinery 3 Refinery 4 Refinery 5 R efinery 6 9
)
4
n
Control Technology Emerachem WGS Emerachem Emerachem WGS WGS 2
2
4 Vendors: Lurgi, . . 3
. . . . . . . . . | 4 Vendors: Lurgi, | =
Number of Vendors Provided | 2 Vendors: Lurgi, | 3 Vendors: Lurgi, Cansolv, 2 Vendors: Lurgi, | 3 Vendors: Lurgi, S
) . . . Cansolv, Gas 5
Quotes & Vendor's Names Emerachem Cansolv, Tri-Mer |Emerachem, Tri- Emerachem Cansolv, Tri-Mer . et
Mer Spec, Tri-Mer
Emerachem: Emerachem: Emerachem:
Vendor Guarantee/Quote #1 | 5 g5 0 d (9506) 3.85 ppmvd (95%) | 3.85 ppmvd (95%)
Tri-Mer: Tri-Mer: Tri-Mer: Tri-Mer:
Vemaloy ELArITIE/ Qe §2 < 1.0 ppmv < 1.0 ppmv < 1.0 ppmv < 1.0 ppmv
Inlet Parameters Provided for Flow: 109.8 Klb/hr | Flow:180.6 Kacfm | Flow: 109.8 Klb/hr | Flow: 109.8 Klb/hr | Flow: 48.5 Kacfm | Flow: 117.9Kacfm
Costs & Sizin Temp: 600-700 °F| Temp: 1000 °F |Temp: 600-700 °F| Temp: 600-700 °F| Temp: 1000 °F Temp: 1000 °F
9 SOx: xx ppmvd SOx: xx ppmv SOx: xx ppmvd | SOx: xx ppmvd SOx: XX ppmv SOx: xx ppmv
Vendor for costs/sizing (note 1) Emerachem Tri-Mer Emerachem Emerachem Tri-Mer Tri-Mer
Plot Space Estimated 25'L x 100" W 885 Lx67'W 25'Lx 100' W 25'L x100'W 29'5. Lx 67. W (2] 59 .L x 67 W (2
units required) units required)
Equipment Cost ($ million) 4 14 5 4 15 20 61
Capital Cost ($ million) 13 38 13 11 39 51 164
Present Worth Value ($ million) 26 60 17 19 64 97 282
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Appendix II-A (Continued)

Type Refinery Boilers/Heaters
Refinery 1 Refinery 2 Refinery 3
Control Technology FGT FGT FGT

Number of Vendors Provided

) 2 Vendors: Shell Sulfinol, Gas Spec 2 Vendors: Shell Sulfinol, UOP 1 Vendor: Shell Sulfinol
Quotes & Vendor's Names

Sulfinol removal of non-H2S sulfur:

. . 0 + . 0,
Vendor Guarantee/Quote #1 |Sulfinol: 59% total SOx removal Sulfinol: 0.2% total SOx removal 85%, 56%Total SOx reduction

UOP Merox removal of non-H2S ethyl-
and methyl-mercaptans: 93% ethyl-
mercaptan, 80% methly-mercaptan;
91%Total SOx reduction

Vendor Guarantee/Quote #2

Flow: 9.6 MMscfd for H2S absorber #5
and 20.2 MMscfd for H2S absorber #6,

Inlet Parameters Provided for Flow: 821,000 scfh, Temp: not Flow: 3 MMscfd, Temp: not available, ) . . .
Costs & Sizin available, SOx inlet: 42.48 ppmv SOx inlet (total mercaptans): 300 ppmv Temp: 100 °F, SOx inlet (combined): 5
9 ' - 4240 PP P ' PP ppmv for H2S and 20 ppmv for non-
H2S species
Vendor for costs/sizing (note 1) Gas Spec UOP Shell
Plot Space Estimated Small plot space required UOP: 40'L x 150' W Small plot space required
Equipment Cost ($ million) 0.2 5 5
Capital Cost ($ million) 0.5 16 12
Present Worth Value ($ million) 1.4 20 15
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Appendix 1I-A — Summary of Caiteints’ Recommended Control Technology & Costs

Appendix II-A (Continued)

Type Refinery Boilers/Heaters
Refinery 4 Refinery 5 Refinery 6
I
s
k)
Control Technology FGT FGT FGT %
8
8
i o
MUl o Vendor|s PrEas 2 Vendors: Shell Sulfinol, UOP 2 Vendors: Shell Sulfinol, UOP 2 Vendors: Shell, UOP =
Quotes & Vendor's Names
. — T amo
Sulfinol: 97% or 5 ppmv, 54%Total Sulfinol removal for Wllmlngton. 85% Sulfinol removal: 88%Mercaptans,
Vendor Guarantee/Quote #1 . removal for non-H2S sulfur in fuel gas , )
SOx reduction . 31%COS, 11%Total SOx reduction
68.4%Total SOx reduction
UOP Merox removal of Carson non-H2S
UOP Merox: 47.6% total SOx ethyl- and methyl-mercaptans (191.4 ppmv UOP Merox: 7.8% total SOx
e CrEETER Qs i reduction of total): 93% ethyl-mercaptan, 80% methly- reduction
mercaptan; 90%Total SOx reduction
Inlet Parameters Provided for Flow: 19'959 MMsciiyr, M"> Flow:14 MMscfd, Temp:.lOO Flow: 42.4 MMscfd, Temp: 100 °F,
Costs & Sizin Temp: 100 °F, °F, SOx: 50 ppmv. Location B--> Flow:20 SOX: not available
9 SOx inlet: 146 ppmv MMscfd, Temp:not available, SOx: 200 ppmv ’
Vendor for costs/sizing (note 1) Shell Shell + UOP Shell
. . Shell:small plot space required for Location .
Plot Space Estimated Small plot space required A UOP: 40 Lx150' W for Location B Small plot space required
Equipment Cost ($ million) 5 21 9 44
Capital Cost ($ million) 13 53 23 116
Present Worth Value ($ million) 16 64 21 136
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Appendix II-A (Continued)

Type Coke Calciner Sulfuric Acid Plant
Fac C Fac A Fac A Fac B 0
= <
Control Technology WGS ﬁ = Equip Modification WGS WGS @
L o L
n C
= (2]
S 32 G
Number of Vendors Provided | 4 Vendors: BELCO, Tri- | ® © | 4 Vendors: BELCO, Tri- | 4 Vendors: BELCO, Tri- | 4 Vendors: BELCO, Tri- O
Quotes & Vendor's Names Mer, MECS, Cansolv |9 Mer, MECS, Cansolv Mer, MECS, Cansolv Mer, MECS, Cansolv g
|_
Vendor Guarantee/Quote #1 MECS: <10 ppmv, MECS: <10 ppmv, MECS: <10 ppmv, MECS: <10 ppmv,
expected <5 ppmv expected <5 ppmv expected <5 ppmv expected <5 ppmv
<
BELCO: <10 ppmv, BELCO: <10 ppmv, BELCO: <10 ppmv, BELCO: <10 ppmv,
; - . . . : . <5ppmv is achievable
Vendor Guarantee/Quote #2 <5ppmv is achievable <5ppmv is achievable with| <5ppmv is achievable with existin
with existing scrubbers existing scrubbers with existing scrubbers g
scrubbers
Inlet Parameters Provided for Flow: 205,000 acfm Flow: 27,383 acfm Flow: 27,383 acfm Flow: 70,000 acfm
Costs & Sizin Temp: 405 oF Temp: 86 oF Temp: 86 oF Temp: 134 oF
9 SOx inlet: 50 ppmv SOx inlet: 20 ppmv SOx inlet: 20 ppmv SOx inlet: 145 ppmv
Vendor for costs/sizing (note 1) BELCO (Note 2) Cansolv (Note 3) BELCO (Note 4) BELCO (Note 4)
Plot Space Estimated 30'L x40'W No plot space needed 15'L x 20' W 20'Lx25'W
Equipment Cost ($ million) 8.2 8.2 0.5 2.3 4.9 7.2
Capital Cost ($ million) 13.3 13.3 0.5 3.1 6.6 9.7
Present Worth Value ($ million) 25.3 25.3 1.7 8.0 17.3 25.3
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Appendix 1I-A — Summary of Caiteints’ Recommended Control Technology & Costs

Appendix II-A (Continued)

Type Glass Plant Cement Plant
) [7p]
% - 0
Control Technology WGS o Limestone Absorber DGS or Limestone Absorber “3 - 8
S _ _ 3 @ 2
4 Vendors: Tri-Mer (NWGS), 0 3 Vendorg. MECS (NWGS), 4 Vendorg. MECS (NWGS), 8 g |<£
. . 2 BoldEco (Limestone Absorber), | BoldEco (Limestone Absorber),| = O o)
Number of Vendors Provided MECS (NWGS), McGill 15! . . < =
Quotes & Vendor's Names (NWGS), Dustex (DGS), PPC| & BoldEco (Hybrid DGS + BoldEco (Hybrid 2
(I'Drocess Mod) ' = Baghouse), Dustex (Hybrid DGS + DGS+Baghouse), Dustex
— Baghouse) (Hybrid DGS+Baghouse), Solios
Vendor Guarantee/Quote #1 MECS: 90% (<10 ppmv) MECS: 90% (<10 ppmv) MECS: 90% (<10 ppmv)
. BoldEco Limestone Absorber: BoldEco Limestone
. 0,
Vendor Guarantee/Quote #2 McGill: 95% (5 ppmv) 95% (<2 ppmv) Absorber: 95% (5 ppmv)
Inlet Parameters Provided for Flow: 30,000 - 60,000 acfm Flow: 170,000 - 203,000 acfm Flow: 60,000 acfm
Costs & Sizin Temp: 650 - 675 oF Temp: 275 oF Temp: 275 oF
g SOx inlet: 100 ppmv SOx inlet: 25 ppmv SOx inlet: 100 ppmv
Vendor for costs/sizing (note 1) Tri-Mer BoldEco BoldEco
; ) ' \ \ Solios:10' Diax71'H
Plot Space Estimated 32'Lx10'W 50'L x 40'W Boldeco:35' Diax35' H
Equipment Cost ($ million) 1.1 11 16.6 4.7 21.3 290
Capital Cost ($ million) 1.9 1.9 19.6 6.1 25.7 726
Present Worth Value ($ million) 8.8 8.8 43.7 12.6 56.3 1,027
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MARSHALL A. (BUD) BELL

PRESIDENT CARSON INDUSTRIAL STEAM COMPANY
1639 THIRD STREET
MANHATTAN BEACH, CA 90266
310-376-4144 HOME
310-376-7194 FAX
310-951-8972 CELL
mbbells@earthlink.net

EDUCATION

1966 BS CHEMICAL ENGINEERING-CLEMSON UNIVERSITY
1968 MS CHEMICAL ENGINEERING- GEORGIA TECH

1994 EXECUTIVE MBA-CLAREMONT GRADUATE UNIVERSITY

Mr. Bell has a very strong background in refiningdapower technologies, and in plant
operations and management. He has 41 years ofingefeind powerexperience, covering
activities ranging from research and developmentetimery operations and maintenance work;
and has held the position of General Manager oinitef for a prototype heavy crude refinery.
During his tenure as General Manager, the refiaehieved record levels of profitability, safety
and environmental compliance. Mr. Bell provided muof the strategic planning for
Conoco/Phillip’s Wilmington Refinery, and helpedvé®p and bring to the market several new
refining technologies. He is currently PresidentGarson Industrial Steam Company, and is
developing a large residual oil-fired cogeneratmymplex in southern California. Mr. Bell
recently completed a three-year assignment as CsvBagineer on a world-scale gasification
project in North America.

EXPERIENCE

Mr. Bell’'s most recent job in refining was as Prexdé/lanager for Conoco/Phillips Petroleum
Company's Wilmington, California refinery. While tinis position, Mr. Bell worked as part of a

project team assessing the technical and economritsnof building an 8,000 TPD IGCC plant

at the refinery. He helped set the design basapated potential gasification technologies and
assisted in developing the plant layout and cokedlvag systems. He also advised the
development team on ways to maximize project retuamd on ways of meeting the very
stringent air emission standards. During his teratréhis refinery, Mr. Bell helped develop,

design and build the most sophisticated flue gag BMoval system in the refining industry.

He also developed a novel approach to crackinfugtat low pressure to produce California-
grade gasoline and isobutane.

Mr. Bell was previously Technology Manager for B&um Refining for Black & Veatch
Pritchard (BVPI) in Overland Park, Kansas. In ttoge, he was responsible for all aspects of

Proposed Amended Regulation XX Appendix 11-A-2 Jaee9



Draft Staff Report Appendix |I-B — Consultants’dgjraphies

petroleum refining and petrochemical technologiés assisted the Power Division in assessing
the viability of several direct-fired and IGCC pawmojects, and spent considerable time with
the Power Group doing business development, botthenU.S. and overseas. Mr. Bell was

involved in the training of engineers from major@mpanies in the basics of power production
using various technologies.

After leaving Conoco/Phillips, Mr. Bell began demeinent of a 600 MWeq petroleum coke-
fired cogeneration project in the Los Angeles bagime project will burn petroleum coke in an
ultra-supercritical steam boiler to generate poesd process steam, while meeting the most
stringent air quality standards in the world. Thejgct will have the capability of removing 90
per cent of the CO2 in the boiler flue gas at thas $50 per tonne cost.

Mr. Bell also recently completed a three-year assignt as Owner’s Engineer on a world-scale
gasification project for a fertilizer plant in NarAmerica. The plant will gasify up to 15,000
TPD of coal or pet coke to make syngas for an IG@GIE, plus hydrogen for an ammonia/urea
complex. Mr. Bell created the physical and econamiclel of the facility, as well as a pro
forma model for various feedstocks and product&#s. He provided novel ways of reducing
capital and operating costs for the project, whitgeasing plant throughput.

Prior to joining BVPI, Mr. Bell was Product Line Mager for Refining for Brown and Root

Braun in Alhambra, California. In this position, m&as responsible for the basic designs of
refining and petrochemical units, and the propeeceakon of process designs on refining
projects. Mr. Bell's previous assignment with Brownd Root Braun was as Chief Process
Engineer, where he supervised approximately 75 d3sdngineers on numerous refining,
petrochemical, ammonia and ethylene studies anjdqtso

Prior to joining Brown and Root, Mr. Bell was GeakeManager of Refining for Ultramar
Refining Company’s 75,000 BPD heavy crude refinerywilmington, California. Under his
guidance, the refinery established the best refimgvironmental record in the Los Angeles
basin, and one of the best safety records in thing industry. Mr. Bell also held Operations
Manager and Technical Manager position with Champlketroleum Company, the predecessor
to Ultramar at the Wilmington plant.

Prior to joining Champlin, Mr. Bell held a numbefr @ngineering and managemaepusitions
with Chevron in their Richmond and El Segundo, Gaiiia facilities, and was involved with
two major expansions of both refineries.

Mr. Bell's first industrial job was as a Technicaérvices and Operations Engineer with Shell
Chemical Company in Martinez, California.
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ROBERT G. KUNz, PH.D.

504 ALANBROOK COURT RESIDENCE (919)245-1560
HILLSBOROUGH, NC 27278-7733 OFFICE (919)245-1569
E-MAIL : KUNZRG@AOL.COM

OBJECTIVE Continuing participation in trend-setting environmted control
activities utilizing proven strengths in plannimgganization, analysis,
and formulation of strategy to reduce costs, dgv&dchnology, and
prevent downtime.

BACKGROUND Professional with over 40 years experience anchaistent track record
SUMMARY of completing projects on spec, on time, and orgetidAreas of
accomplishments include leadership, negotiatiolsskiroblem
solving, and the ability to correlate diverse fadexcellent
communicator with the talent to instruct, trainganentor others.

Earned both Ph.D. and M.B.A. degrees. Publishethieal author
including book, journal articles, presentations] ane patent.
Experienced team leader. Skills range from managéto research
and development, with awards received in both areas

Expertise in petroleum refining and chemical / giasits:
» Air emission control and testing

» Cooling water treatment and corrosion control

e Processes including fluid catalytic cracking

» Wastewater treatment

* Noise generation, control, and measurement

¢ Environmental permitting

SELECTED ACCOMPLISHMENTS

« Designed, built, and operated a pioneering pilot &@@l particulate flue-gas scrubber on
fluid catalytic cracker (FCC) regenerator, allowingtallation of full-scale scrubber at oil
refinery to meet new air quality regulations.

* Led ateam to respond quickly to pinpoint sourcexafessive particulate emissions from
electrostatic precipitator treating cat crackeereggator flue gas and others at California oil
refinery.

e Co-authored U.S. patent while serving on elite faste to identify high-cost and missing
technology necessary to comply with increasingiyngent environmental regulations in the
refining industry.
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* Over a 15-yr period, managed engineering groupsapérvised a team of environmental
professionals responsible for negotiating enviromt@eapprovals needed for construction of
new plants / projects. No capital project was @atayed by failure to obtain permits in a
timely manner.

» Served as member of "SWAT" team in discretionatipgiof new $20M - $30M industrial
gas plants to identify any fatal flaws which mighévent, delay, or jeopardize plant
construction or unduly increase the cost.

e Supported sales of hydrogen gas to petroleum indbgtproviding expertise in
environmental regulatory compliance.

« Developed a correlation to predict hydrogen refaorfumace NOx emissions (later extended
to ethylene plants). Presented results at indestnjerences and in the technical literature.

» Secured permits for and field-tested selectivelytaeduction (SCR) units, a post-
combustion NOx control technique, located at / eglj to several refineries / chemical
plants. Published findings fournal of the Air & Waste Management Association.

« Developed procedure for forecasting SCR catalfestdi prevent untimely shutdown of
operations, presented at a petroleum industry cenée and published in the literature
(Environmental Progresgs

* Presented technical paper on the successful apphaat SCR to FCC units at multiple
locations. This presentation at a petroleum ingustinference was co-authored by the SCR
system manufacturer and a representative of adfiigery.

« Directed multi-location environmental site asseg#nfiar $65M acquisition, which was
completed on schedule and at less than 50% of bualtmving timely acquisition of new
product line.

» Formulated the "Kunz Equation," which correlatestesn pH from alkalinity measurements
in over 100 cooling towers to allow independentlicmpwater calculations, used as
objective criteria to evaluate vendor proposalsseEhprocedures were published in
Chemical Engineeringnagazine and are now taught in college classrooms.

* Received Harrison Prescott Eddy Medal, a prestgyaward given annually by the Water
Pollution Control Federation, for noteworthy resbain wastewater treatment.
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PROFESSIONAL EXPERIENCE

RGK ENVIRONMENTAL CONSULTING, L.L.C. Hillsborough, NC 2003-Present
Independent Consultant / Author

CORMETECH, INC. ENVIRONMENTAL TECHNOLOGIESurham, NC ~ 2001-2003
Technical Project Manager

AIR PRODUCTS AND CHEMICALS, INGC.Allentown, PA 1974-2000
Senior Engineer / Manager / Senior Engineering Asde

1968-1974
ESSO RESEARCH AND ENGINEERING COMPANY¥Ilorham Park, NJ
Engineer / Project Engineer

MILITARY SERVICE

Lieutenant, United States Air Foreélonorably separated from Active Duty and transfitce
Retired Reserve.

Received Certificate of Outstanding Achievement frm United States 17th Air Force for
Communications Cost Reduction and Management Improment Programs at conclusion
of final assignment.

EDUCATION

Ph.D., Chemical Engineering, Rensselaer Polytednsiitute, Troy, NY
M.B.A.., Executive Program, Temple University, Rhi¢lphia, PA

M.S., Environmental Engineering, Newark Collegé&aofineering, Newark, NJ
B.Ch.E. (with honors), Chemical Engineering, MatdraiCollege, Bronx, NY

Additional college courses in Psychology, Economiaounting, and Marketing

PROFESSIONAL LICENCES

Registered Professional Engineer NJ, PA, AL, TX, LA
Former Certified Community Noise Measurement SistidNJ

PROFESSIONAL ASSOCIATIONS

American Institute of Chemical Engineers (AIChE)
American Chemical Society (ACS)

Air & Waste Management Association (A&WMA)
Sigma Xi - The Scientific Research Society
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JOHN D. MCKENNA
ETS, Inc.
1401 Municipal Road
Roanoke,VA 24012
540-265-0004 ext293
jmck@etsi-inc.com

EDUCATION

B.S.Ch.E. - Manhattan College - 1961

M.S.Ch.E. - New Jersey Institute of Technology 68.9
M.B.A. - Rider University - 1974

Ph.D. - Walden University - 1991

Doctoral Thesis Topic: A Study of Factors Undertyi@rowth for Industrial Firms During
Their Early Years After Startup

Master Thesis Topic: The Effect of Nitrilotriacethcid Upon the Biodegradability of Synthetic
Detergents

Certified On-line Trainer - Walden University - ZD0

EXPERIENCE

Dr. McKenna has over forty years of technical angiess management experience. His
background includes a wide range of entrepreneacdlities including the start-up of six
environmental firms, one of which he took publicis Hlirect experience includes corporate
acquisitions and mergers as well as the inventiod aommercialization of a flue gas
desulphurization (FGD) system. In light of the wdaB8A market conditions, an office was
established in Taiwan and thereby the initial FGBtam sales were achieved. In 1996, ETS
International Inc. was listed in “The Nations Fast&rowing Technology Companies,” having
recorded a 5-year revenue growth of 542%. In adiio business and technical management
experience, he has also been providing interndtioaiaing for over 30 years. Currently he is a
principal of ETS Inc. He has taught online bustnesd environmental courses for the
University of Phoenix.

2002-2007  Co-chair Southampton Corp
A private venture capital firm specializing in teevironmental industry.

2002-2006  University of Phoenix
Teaching on-line: Management, Marketing, EnvirontakeRthics, Environmental Science

1999-present Principal ETS Inc.
A provider of environmental training, testing, thdeshooting and testimony.
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Chairman/President, ETS International, Inc.
Responsible for general management and long rdageipg functions.
Program Manager — FGD (LEC) — Full Scale CommeiSiatems.

President, ETS, Inc., June 1979 to June 1988.
Responsible for general management and R&D st@afggnning/priorities
Program Manager — Pilot Plant FGD (LEC) Semi-DrgtSgn.

President, January |, 1978 to June 1979.
Enviro-Systems & Research, Inc. and Environmengstifg Services, Inc. Director '72-'82.

Vice President, Enviro-Systems & Research.

Directed all application engineering, research éedelopment related to air and water pollution
control. Concentration of effort on fabric filtersiechanical collectors and scrubbers for a wide
variety of industrial applications. Program marrgige million dollar EPA contract.

1968-72 Research Cottrell, Projects Director ofiEsmmental Systems Division.
Supervised the development of RC's wet limestongbber for SQ removal FGD Pilot Plant
and first RC full scale FGD system at Arizona PulService. Responsible for execution of all
projects and laboratory activities for both air amdter pollution control, including in-house
research and development and industrial and EPA R&fMracts. Supervised technical services
which encompassed stack and stream sampling, kppranalytical determinations, bench
analysis, pilot plant fabrication and research.jdVi&&D efforts, oriented to particulate control
and SQ removal. Consulting included comprehensive pautcontrol studies for complete
industrial plants.

1967-68 Princeton Chemical Research, Project Leader
Assigned to execute industrial and government ectdrfor water and air pollution control,
including a NAPCA contract concerned with S€ntrol by catalytic reduction.

1964-67 Eldib Engineering & Research, Inc., TecAhAssistant to the President.
Senior Engineer for pollution control problem saolyi Investigated industrial wastewater,
municipal sewage and industrial air pollution peshk.
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PROFESSIONAL ACTIVITIES

Air and Waste Management Association Technical CbunAE Chair 2002-2005

Virginia Environmental Business Council — BoardDafectors 2000-2004

Air and Waste Management Association Technical Rrmog— Chairman, Specialty Conference
Fabric Filter VII 1994

Air and Waste Management Association South AtlaBgction — Board of Directors 1993-1996
Virginia State Advisory Board of Air Pollution — 29 Vice Chair, 1993 Chair

Advisory Board Member: Wiley Series in Chemicabieering

Air and Waste Management Association Technical Rrmog— Chairman, Specialty Conference
Fabric Filter VI 1992

Technical Program Committee, Scientific Evaluatioh the National Acid Precipitation
Assessment Program's (NAPAP), Final Report — 1991

Technical Advisory Committee, Ohio Air Quality Déepment Authority (OAQDA) — 1991

Air and Waste Management Association Emission @brfechnology - Division Chairman,
1988-1991

Air and Waste Management Association Technical Rrmg— Chairman, Specialty Conference
Fabric Filter V 1990

NSF Consultant for the College Faculty WorkshopgPam-Grant

EPA Fabric Filter Workshop Lecturer

Scientific Reviewer for EPA Publications

AIChE - Central VA Section — Chairman 1980-84

APCA Lecturer "Particulate Control Device Cost @p#ation”

Member of National Association of Environmental feéssionals

EPA Course 413 Lecturer, "Fabric Filters and Sedacand Cost of Control Equipment." —
Presented at Rutgers University, March 18-19, 1987.

LISTINGS AND AWARDS
Distinguished Alumni Medal for Outstanding Achievemh - New Jersey Institute of Technology

Manhattan College School of Engineering Centerdwedrd - Outstanding Engineering
Graduate

New York Xi, Chapter of Tau Beta Pi, National Hor®wociety of Engineering - Eminent
Engineer

Fellow -- American Institute of Chemical Engineers

Fellow — Air and Waste Management Association.

Who's Who in Engineering

Who's Who Environmental Registry

Who's Who in Finance and Industry

Who's Who in Technology Today

Who's Who in the World

Who's Who in Science and Engineering

Appointed by VA Governor G. Allen 97-01 World Tradéiance of the Blue Ridge
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COMMUNITY ACTIVITIES

Chairman, Roanoke Catholic School Board, 1984-1986
Roanoke Memorial Hospital Pastoral Care Visitor&93892

TRAINING COURSES DELIVERED

Domestic

Fine Particle Emission Measurement & Control

Toxic Air Pollutants - Prevention and Control

Particulate Emission Control Cost Optimization

Introduction to Air Pollution Control

Introduction to Water Pollution Control

Incineration

Regulatory and Permitting Policies

Particulate Emission Control

Gaseous Emission Control

Baghouse Operation and Maintenance

Project Costs and Financing

Project Management

Public Involvement in Large-Scale Development Rrgjaevith Significant Environmental
Impacts - AED/USAID for Russian Group

Pollutant Release and Transfer Registers Progr@BD/USAID for Ukrainian Group

Foreign

Developing and Implementing Emission Inventori&audi Arabia/SABIC
Energy and the Environment - Univ. of La Lagunaan@ry Islands
Baghouse Technology - National Taiwan Universityaipei, Taiwan

Air Pollution Technology Workshop - FloreanopoBsazil - IE/USAEP
Methods of Effective Environmental PR - AED/USAIRazakhstan
National Park Management Capacity Building - AEDAJS Armenia

PROJECT MANAGEMENT EXPERIENCE

John D. McKenna has gained comprehensive techpiogdct management experience over the
past 40 years.

In 1967-1968, while at Princeton Chemical ReseddchMcKenna was the Program Manager
of a research project funded by the National AifitRion Control Agency (NAPCA) to evaluate
SO, control by catalytic reduction.

While at Research Cottrell, during 1968-1972, he tix@ Program Manager on an EPA/HEW
project which dealt with the design, installatiopgeration and testing of a wet scrubbing pilot
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plant for SQ control. Managed pilot wet scrubber FGD testing@BP (Tidd Station) and RC’s
first full scale SQ FGD system at Arizona Public Service (Cholla $tati

During this time, he was also the technical manafjarprogram funded by Research Cottrell to
acquire and develop the RC/Bacho system for i@@oval.

In 1973, Dr. McKenna was the Program Manager of BBA2-1093. The purpose of this ETS
contract was to conduct a preliminary techno-ecao@waluation of the application of fabric
filters to coal-fired industrial boilers. The seass of this project led to a larger scale
demonstration program (EPA 68-02-2148) and a sulesgdollow on program (EPA 68-02-
3674) both managed by Dr. McKenna.

In 1976, he managed a program to install, operadeest a fabric filter pilot plant on the
slipstream of a refuse-fired boiler. The studyAERB04223, was initiated to determine if a
fabric filter was a viable control alternative this application.

In 1981, Dr. McKenna managed an ETS contract redeirom EPA Region 5 (EPA task order
116) to execute an air pollution control enginegstudy. The purpose of this study was to
settle a dispute between a federal agency andgtaggnment. In this effort, ETS technical
personnel successfully executed 12 major taskswittin budget and on schedule.

In 1982, he managed a major ETS environmental eeging contract funded by the
Government of Mexico. The program objectives werdesign and specify a continuous
ambient monitoring network for a developing indigtport and surrounding residential towns
on the west coast of Mexico. Not only did the parg involve the management of ETS
technical personnel, but also the coordinationctivdies between ETS and several consulting
subcontractors, Mexican authorities and variousib&xindustrial representatives.

In 1983, ETS received a contract (EPA 68-02-36d®hiaracterize the performance of fabric
filters on three large utility boilers. This pragn not only demonstrated the field testing and
other technical capabilities of ETS, but also DcKénna's program management abilities since
two major subcontractors were involved (RTI and JR@d field teams of over 20 engineers,
scientists and technicians were mobilized.

In 1985, he was the ETS manager in a program igwBIl'S was subcontractor to Malcolm
Pirnie. The program was funded by the Power Authof the State of New York (PASNY).
The purpose was to evaluate the techno-econonmsibfty of applying fabric filtration and dry
scrubbing to control MSW emissions. The major atgpf the study included capital and
operating costs estimates and recommended desgifisations for the subject control
techniques.

Dr. McKenna has managed an ETS program fundedé®ttio Coal Development Office. The
program initiated in 1987, evaluates an approaawotrol acid rain precursors. In this program,
he has been responsible for the coordination aiaivities between ETS and the prime
contractor, Ohio University.
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In the 1990s managed EPA Contract No. 68D2002rt®oTesting and Method Evaluation for
Stationary Source Emissions."”

From 1998 to present via an ETS subcontract fror) R¥has been the manager of the Air
Pollution Control Technology (APCT) Business andrk#éting Planning activity for EPA’s
Environmental Technology Verification Program (EBAop. Agreement CR826152-01-0). He
has also provided the coordination and technigapsrtt of the APCT’s Baghouse Filtration
Products (BFP) Verification Program. This activitgludes the preparation of generic protocols
and test Q/A plans, review and coordination of rec@nded modifications to existing generic
protocols and test Q/A plans, and continued rexdad commentary of the BFP verification
process.

In 2008-2009 Dr. McKenna managed an ETS contraetived from the South Coast Air Quality
Management District (SCAQMD) for the evaluatiorenfission control technologies for further
reducing sulfur oxide emissions from stationaryrses in the SCAQMD’s RECLAIM program.
The purpose was to identify the Best Available B@tControl Technologies (BARCT) that
could be implemented within the 2011-2014 timeframbelp South Coast Basin attain the
PM2.5 ambient air quality standards. The industcevered included refineries, cement
manufacturing, and container glass manufacturing.

PUBLICATIONS — TEXTBOOKS

McKenna, John D.; Turner, James H.; "Fabric FtBaghouses | Theory, Design, and
Selection" Published in 1989, ETS, Inc., Roanoke, VA.

Mycock, John C.; McKenna, John D.; Theodore, Latidbook of Air Pollution Control
Engineering and Technologf?ublished by Lewis Publishers, 1995.

McKenna, John D.; Turner, James H.; McKenna, Jdme¥ine Particle (2.5 Microns)
Emission Reqgulations, Measurement and CohRablished by John Wiley & Sons Inc., 2008

PUBLICATIONS — TEXTBOOK CHAPTERS

McKenna, John D.; Greiner, Gary P.; "Air PollutiGontrol Equipment: Operation and
Maintenanc& Chapter 8: "Baghouses" - Published in 1982ntte Hall, Englewood CIiff,
NJ. Ed. Theodore & Buonicore.

Turner, J.H.; McKenna, J.D.; "Control of ParticlesFilters", Chapter in Air Pollution
Technology HandbogkSeymour Calvert, ed. John Wiley & Sons, Inc.,4.98

Turner, J.H.; Lawless, P.A.; Yamamoto, T.; Coy, D.@reiner, G.P.; McKenna, J.D.; Vatavuk,
W.M; "Electrostatic Precipitators," Chapter 3 irr Rollution Engineering ManuaV/an
Nostrand Reinhold, New York, NY, Ed. by Buonicofe). and Davis, W.T., 1992.
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McKenna, J.D.; Furlong, D.A.; "Fabric Filters," Gitar 3 in_Air Pollution Engineering Manyal
Van Nostrand Reinhold, New York, NY, Ed. by BuonieoA.J. and Davis, W.T., 1992.

Mc Kenna, John D. “Air Pollution Management of &iaary Sources” Section 25 in Perry’'s
Chemical Engineer’s HandbooBeventh Edition, Mc Graw-Hill, NYC, 1997

PUBLICATIONS — ARTICLES AND PRESENTATIONS

McKenna, J.D.; Eldib, I.A.; New Markets for Chenmgand Equipment to Combat Pollution
Presented at Farleigh Dickinson University Summanf€rence, "The Demands of Pollution
Control Legislation”, August 22-26, 1966. CitedG&EN 44, 37 (Sept. 4, 1966).

M.S. Thesis: The Effect of Nitrilotriacetic Acidddn the Biodegradability of Linear
Alkylbenzene Sulfonatél968).

McKenna, J.D.; Evaluation of a Two-Stage Parti@iatrubber and Gas Absorber Applied to
Power Plant Flue GasPresented at the NAPCA International Symposiari@t Limestone
Scrubbing, Pensacola, FL, March 16-20, 1970.

McKenna, J.D.; Atkins, R.S.; The RC/BAHCO SystemRemoval of Sulfur Oxides and Fly
Ash from Flue Gase#ower Engineering, May 1972, pp. 50-52. Preskat¢he

Second International Lime-Lime-Stone-Wet Scrubl&#yghnposium, New Orleans, LA,
Nov. 8-12, 1971.

McKenna, J.D.; The International CompetitivenesthefU.S. Air Pollution Control Industry
Presented at the International Air Pollution Cohdired Noise Abatement Exhibition, Jonkoping,
Sweden, September 1971.

Gleason, R.J.;: McKenna, J.D.: Scrubbing of Sulfioxidle From a Power Plant Flue Gas
Presented at the 69th National Meeting of the Acaerilnstitute of Chemical Engineers,
Cincinnati, OH, May 16-19, 1971.

Roberts, R.M.; et al; Systems Evaluation of Refusa Low SulfuFuel November 1971, EPA
Contract CPA 22-69-22.

McKenna, J.D.; Coy, D.W.; Techno-Economic Selectiofimes of Changing Costs and
Performance Requirement®ublished in the Proceedings of the Fifth Anriiattheast
Regional Anti-Pollution Conference, University ofiétde Island, July 1972.

McKenna, J.D.; Applying Fabric Filtration to Coailkéd Industrial Boilers Environmental
Protection Technology Series, July 1974,
EPA-650/2-74-058.

McKenna, J.D.; Mycock, J.C.; Lipscomb, W.Q.; Pariance and Cost Comparisons Between
Fabric Filters and Alternate Particulate Controtfi@ques Presented at the symposium on the
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"Use of Fabric Filters for the Control of SubmicrBarticulates”, 4/8/74, Boston, MA.
Sponsored by the Environmental Protection Agency@8A Corporation.

McKenna, J.D.; Weisberg, R.; A Pilot Scale Investiign of Fabric Filtration as Applied to Coal
Fired Industrial Boilers Published in the Proceedings of the Fourth Ahimdhustrial Air
Pollution Control Conference, University of TenressMarch 28, 1974, Knoxville, TN.

McKenna, J.D.; The Application of Fabric Filter D@ollectors to Coal-Fired Boilers
Presented at the Fourth Annual Environmental Erging & Science Conference, Louisville,
KY, March 4, 1974.

Theodore, L.; et al; Selected Problems in DesighAioPollution Equipment National Science
Foundation, August 1975, NTIS PB 246-363 (Contiiliptonsultant).

McKenna, J.D.; Mycock, J.C.; Lipscomb, W.O.; ApplgiFabric Filtration to Coal-Fired
Industrial Boilers: A Pilot Scale InvestigatioePA Technical Services, August 1975, EPA
650/2-74-058a.

McKenna, J.D.; and Brandt, K.D.; Demonstration ¢figh Velocity Fabric Filtration System
Used to Control Fly Ash Emission®resented at The Third Symposium on FabricrBifar
Particle Collection, Tucson, AZ, December 1977.

McKenna, J.D.; Greiner, G.P.; Brandt, K.D.; ApplyiHigh Velocity Fabric Filters to
Coal-Fired Industrial BoilersPresented at the Symposium on the Transfer &éfiddtlon of
Particulate Control Technology, sponsored by tH&. Bnvironmental Protection Agency at the
University of Denver, Denver, CO, July 24-28, 1978.

McKenna, J.D.; Mycock, J.C.; Miller, R.L.; Brandi,D.; Applying Fabric Filtration to
Refuse-Fired Boilers: A Pilot-Scale InvestigatidBPA Contract No. R804223, May 1978,
Office of Energy, Minerals and Industry, U.S. Elwvimental Protection Agency,
EPA-600/7-78-078.

McKenna, J.D.; Mycock, J.C.; Brandt, K.D.; Szaldy.; Assessment of a High Velocity Fabric
Filtration System used to Control Fly Ash EmissioAsinual Report for Contract
No. 68-02-2148 for the U.S. Environmental Protati#mency, April 1979.

Richardson, J.W.; McKenna, J.D.; Mycock, J.C.; AralHation of Full Scale Fabric Filters on
Utility Boilers. Presented at the Fourth Symposium on the TraasfiJtilization of Particulate
Control Technology, Houston, TX, October 11-15,2.98

Beachler D.S.; Richardson, J.W.; McKenna, J.D.; d¥; J.C.; ETS, Inc., and Harmon, D.,
EPA - Emission Reduction Performance and Operd&imgracteristics of a Baghouse Installed
on a Coal-Fired Power Platugust 1984, EPA Contract 68-02-3649.

McKenna, J.D., Ross, J.M., Foster, J.M., GibsoA. RContinued Assessment of a
High-Velocity Fabric Filtration System Used to CianiitFly Ash EmissionsEPA-600/7-84-037,
March 1984.

Proposed Amended Regulation XX Appendix II-A-14 J009



Draft Staff Report Appendix |I-B — Consultants’dgjraphies

McKenna, J.D., Ross, J.M.; What One Small Enviromtale=irm Requires of Its Chemists
Presented at the 62nd Annual Meeting of Americatitite of Chemists, Hollywood, Florida,
April 1985.

Richardson, J.W., McKenna, J.D., Mycock, J.C., Batibn of Full Scale Fabric Filters on
Utility Boilers: SPS Harrington Station Unit BITIS PB85-235513/WEP, July 1985.

Richardson, J.W., McKenna, J.D., Mycock, J.C., Batibn of Full Scale Fabric Filters on
Utility Boilers: PP and L Brunner Island StatiomitUl, NTIS PB85-235521/WEP, July 1985.

Mycock, J.C., McKenna, J.D., Richardson, J.W., Barge Troubleshooting - A Case History
Presented at the Professional Development ConfereDevelopments in Filtration Technology,
Clemson University, May 14-15, 1986.

Greiner, G.P., Smith, J.K., Ross, J.M., McKenn@,,JDemonstration, Operation, and Testing of
a Fabric Filter on an Industrial Boiler for an Extied Period of TimeEPA-600/7-86-030,
September, 1986.

McKenna, J.D., Haley, L.H., Industrial Fabric Fil®&ag Test Methods: Usefulness and
Limitations Presented at the ASTM Symposium on Gas and dLigilration, Philadelphia, PA,
October 20-22, 1986.

McKenna, J.D., Furlong, D.A., Baghouses As Apptiedlunicipal Solid Waste Incinerators
Presented at Filtration Technology Conference an@lon, SC, April 15-16, 1987.

Kapner, M., Schwarz, S., McKenna, J., An EvaluatbAlternate Emission Control Systems
for Refuse-to-Energy Plant$resented at the 80th Annual Meeting of APCAyN@rk, NY,
June 21-26, 1987.

Turner, J.H.; Viner, A.S.; Jenkins, R.E.; VatavskM.; McKenna, J.D.; Sizing and Costing of
Fabric Filters JAPCA September, 1987 issue, Volume 37, NumbPage 1105.

Turner, J.H.; Lawless, P.A.; Yamamoto, T.; Coy, D.@reiner, G.P.; McKenna, J.D.; Vatavuk,
W.M.; Sizing and Costing of Electrostatic Precitmtg JAPCA April, 1988 issue, Volume 38,
Number 4.

McKenna, J.D.; Toxic Particulate ContrdPresented at the EPA Workshop on Hazardous and
Toxic Air Pollutant Control Technologies and Peting Issues, Raleigh, NC, March 22-23,
1988 and San Francisco, CA, April 12-13, 1988.

Bahner, Mark A. and John D. McKenna; Inlet-Preckdrbimestone Emission Control (LEC)
Presented at the American Filtration Society AnMdeaéting - Fine Particle Filtration &
Separation, Minneapolis, MN, April 22-24, 1991.

Prudich, M.E.; Reddy S. N.; McKenna, J.D.; AppKl\W.; A Pilot Demonstration of the
Moving-Bed Limestone Emission control (LEC) Procd3gper presented at the 1991
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EPRI/EPA/DOE S@Control Symposium, Washington, DC, December 30811 Also
presented at the 85th Annual Meeting and Exhibitibthe AWMA, Kansas City, MO, June 21-
26, 1992.

McKenna, J.D.; Energy and the EnvironmeRresented to graduate students at LaLaguna
University, Tenerife Island, Spain, November 81@, 1993.

Prudich, M.D.; Appell, KW.; McKenna, J.D.; Pilot8le Limestone Emission Control (LEC)
Process: A Development Projedtinal Report - March 1994.

McKenna, J.D.; Mycock, J.C.; Fabric Filter Bagho&sninar Presented at National Taiwan
University, Taipei, Taiwan, R.O.C., October 12, 13, 1994.

Mc Kenna, J.D.: ETS, Inc*International Cleanable Filter Symposium: StatuERA’s
Baghouse Filtration Products / Environmental Teddany Verification Program. Chiba-Ken,
Japan. The Association of Powder Process IndusthEagineering, Japan (APPIEpvember
15, 2000.

Mc Kenna, J.D. :ETS, Inc"2International Cleanable Filter Symposium: Baghdkitteation
Products Verification Status Report. Osaka, Japha.Association of Powder Process Industry
and Engineering, Japan (APPIBtober 29, 2001.

Mc Kenna, J.D.; Mycock, J.C.; Practical Implicasoof ETV for Fine Particle Control,
The Air & Waste Association Annual Meetidgne 23, 2004

McKenna, J. D.._A New Tool for Improving Contrdi leine Particle Emissions. Institute of
Electrical and Electronics Engineers, Roanoke S&ptember 21, 2006

McKenna, J. D.: Filter Media Selection for CoaldgrPlants, Mcllvaine Company Hot Topic
Hour October 16, 2008

WORKSHOPS

Drexel University, 2001 Olin Workshop On The Envinoent, Philadelphia, PA “Environmental
Technology for Particulate Emission Control”

Rheinhold Environmental 2002 ESP/FF Roundtable fd;Dallas, TX “Fabric Filter
Application & Selection”

PETROBRAS 2007 Seminar on Atmospheric Emissions,deiJaneiro, Brazil “Air Shed
Management PM10/PM2.5/0zone”
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