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Boling, Jean

BT ]
From: Press, Miriam <Miriam.Press@buzziunicemusa.com>
Sent: Thursday, September 02, 2021 5:15 PM
To: Boling, Jean; Menke, Timothy; Paul Schell; Ferguson, Michelle
Subject: RE: Federal Land Managers Comments Associated with the Buzzi Unicem Greencastle
Plant
"-Attachments: Appendix D - Greencastle Cost Effectiveness Anaylysis 082021 UPDATE xIsx; SNCR

- controlcostmanual_costcalculationspreadsheetvf_march_2021 BUUSA Greencastle.pdf;
- © . Attachment_5-5_dsi_cost_development_methodology Sargent & Lundy for.pdf

**** This is an EXTERNAL email. Exermse cautlon DO NOT open attachments or click Ilnks from-
unknown senders or unexpected email. **** :

Jean,
The following is the additional information requested to follow-up on the FLM comments pertaining to our fa,dlity:

»  First regarding the FLM'S comment concerning the use ofa 15 year life expectancy. This i consistent with, and

actually more conservative than, the life expectancy that Buzzi Unicem USA typically uses when determining the
. capital recovery factor for emission control equipment. At yearend 2020, Buzzi Unicem USA would have used a 10

year life time for emission control equipment due to the typically harsh conditions in a cement plant and an interest
rate of 5.75%. The capital recovery factor has been calculated using the company’s 5.75% interest rate and using
the 15 year life for emission control equipment. The Capital Recovery Factor has been updated to refiect this_
change in the attached Appendix D in the SNCR- UPDATED column. As an additional note to FLM’s comment, the life
expectancy is for the control equipment itself, not for the plant’s operations. The control equment would he -
expected to need to be replaced in 15 years, requiring additional capital investment. :

e For the SNCR cost estimate, Buzzi Unicem USA believes the capital cost represented are valid within 30% estimate.
However, as our previous comments expressed, we believe the cost for reagent are grossly under estimated based
on our experience operating SNCR at five of our cement plants. To provide a better estimate, we have used the EPA
SNCR Control Cost Manual cost calculation spreadsheet to estimate an annual reagent cost. The calculation
spreadsheet is attached, with notes regarding the Buzzi Unicem USA’s inputs. Based on the spreadsheet, the

" estimated-annual reagent cost is 5589 391fyr for 19% ammonia. This estimate is consistent with the average annual
“ammonia per plant budgeted for 2021 cost based on our 5 plants operating SNCR. The cost was estimated using the
average per gallon cost of the facilities currently operating SNCR. [Note, because of our internal IT restrictions, we
are not able to e-mail a file with macros. Therefore, we are attaching a pdf prrntout of the information calculated

. using the spreadsheet.]

¢ Regarding DSI costs, Buzzi Unicem USA had previously stated uncertainty regarding performance of the ESP with the
addition of D51, Based on a recent search, it appears that DSl is compatible with an ESP in power generating
facilities, however, the control efficiency is expected to be only 30% reduction using hydrated lime. See the attached
IPM Model — Updates to Cost and Performance for APC Technologies, Dry Sorbent Injection for SO2/HCH Control Cost
Development Methodology, April 2017, Sargent & Lundy. Buzzi Unicem USA has not solicited engineering cost
estimates for a DSI system. However, as with SNCR, we feel the reagent cost used in the prior estimate are very low,
again based on our experience operating DS! systems at 5 cement plants. Buzzi Unicem USA used a ratio approach
to estimate annual hydrated lime costs for the Greencastle plant based on the estimate provided in Table 5 of IPM
document. From the IPM ducument, Table 5 whicih estimates cost for DSi with ESP, the model facilily SO2 emission
are 9,500 [bs SO2/h¥, and the hourly hydrated lime feed rate is estimated to be 10.85 tons/hr. The Greencastle SO2

emissions are approximately 80 [b SO2/hr. Assuming a linear relationship, Greencastle would require a sorbent feed

1




rate of 0.09 tons/hr. Using the average 2021 budget cost for hydrated lime at our five cement plants of $159.34 ton
lime, and assuming the kiln operates 85% of the year (7446 hours/yr), the annual sorbent cost is estimated at
$108,404/yr. This is comparatively lower than the average annual budget for lime at the five plants currently
operating DSI systems, however, considering the low emissions at the Greencastle plant it is likely much more
reasonable than the $11,304 used in the original estimate.

Please let us know if you have any questions or need additional information from us.

Sincerely,

Miriam Press
Environmental Engineer

Buzzi Unicem USA
Greencastle Plant

3301 S. County Road 150 W.
Greencastle, IN 46135

Phone: 765-653-8816 %3122
Mobile: 314-910-8427
e-mail: miriam.press@buzziuhicermusa.com

u Buzzi Unicem

from: Boling, Jean <iBoling@idem.IN.gov>

Sent: Thursday, july 29, 2021 10:41 AM

To: Menke, Timothy <Timothy. Menke@buzziunicemusa.com:>, Press, Mmam <Miriam. Press@buzz;umcemusa com>;
Schell, Paul <Paul.Schell@Buzziunicemusa.com> :

Subject: Federal Land Managers Comments Associated with the Buzzi UnacemGreencastle Plant

This email ongmated from outside the Company. DO NOT CLICK ANY LINKS or OPEN ANY
ATTACHMENTS unless you trust the sender. If you are not sure please contact the IT Helpdesk before
proceeding.

Good morning all,

IDEM received the Federal Land Manger’s (FLMs) comments on July 23, 2021, as expected, so we are now in the process
of drafting Indiana’s response to comments that will be incorporated into the draft RH SIP that will go out on public
notice. As stated in the email | sent out on July 15, 2021, your timely response is needed to provide the additional
information the FLMs have requested to address their comments related to the four-factor analysis conducted for the
Greencastle cement plant.

The FLMs reviewed the four-factor analysis provided for the Greencastle cement plant and offered the following
comments and request for additional information: “We disagree with the use of a 15-year expected lifetime for the
facility, as there is no federally enforceable requirement for the facility to shut down in that time. We also disagree with
the use of a 7% interest rate for the reasons discussed earlier. Nonetheless, the estimated cost for adding SNCR is clearly
cost effective at $873/ton of NOx removed and should be required as part of the state’s long-term strategy. The analysis



for dry sorbent injection only summarized the costs; we request that IDEM provide a detailed cost analysis so that we
may complete our review.”

Since the RH program is an iterative program that provides states with the flexibility to develop a cohesive strategy that
demonstrates reasonable progress over time toward natural visibility by 2064, Indiana offered a weight of evidence
demonstration consistent with this overarching principle to support the state’s decision not to require additional control
measures for the selected sources. The state continues to stand behind this decision, however, it is important to
address the FLMs comments as thoroughly as possible to show that Indiana has seriously evaluated the selected sources
in accordance with the RH Rule and section 169A(g)(1) of the CAA WhICh Ilsts four factors that must he taken into
consideration in determmmg reasonable progress.

Please forward the information reguests to me by close of business August 27,2021 and if either one of you have any
questions about the FLMs comments or would like to discuss any of them with us, we wou!d be happy to make ourselves
: -avatlable Thank you in advance, for your cooperation and assistance.

jecm (Bo[mg : : , ' : - - T
Senior Environmental Engineer o - ' )

indiana Department of Environmental Management

Office of Air Quality, Air Programs Branch

100 North Senate Avenue, MC 61-563 IGCN 1003

Indianapolis, IN 46204-2251

Phone; 317-232-8228

Fax:  317-233-5067

E-mail:. jboling@idem.IN.gov

IDERM values your fw*d!m It
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U.5. Environmental Protection Agency
Alr Economics Group
Health and Environmental Impacts Division

Office of Alr Quality Planning and Standards
(March 2021}

This spreadsheet allows users to estimate the capital and annuatized costs for instailing and operating a Selective Non-Catalytic Reduction (SNCR} control device,
_SNCR is a post-combustion control technology for reducing NOx emisslons by injecting an ammonia-base reagant {urea or ammonia} into the furnace at a location
where the temperature is in the appropriate range for ammenia radicals to react with NGx to form nitrogen and water.

The calculation methodoiogies used in this spreadsheet are those presented in the U.S. EPA's Air Pollution Control Cost Manual. This spreadshest s intended to
be uséd in combination with the SNCR chapter and cost estimation methodology in the Controf Cost Manual. For a detailed description of the SNCR control

- technology and the cost methodologies, see Section 4, Chapter 1 of the Air Pollution Contral Cost Mantzal {as updated April 2019}, A copy of the Control Cost
Manual is available on the U.5. EPA's "Technology Transfer Network” website at: https: /,fwww epa.gov/economic-and-cost-analysis-air-pellution- regulatmns/cosb
reports -and- gmdance‘alr—pollutlon . o E .

The spreadsheat can be used to estimate capital and annualized costs for applying SNCR, and particularly ta the following types of combustion units:

_ - {1} Coal-fired Gtilit\r beilers with fuli load capacities greater than or equal to 25 MW,
- - {2 Fuel oit- and natural g5 fired utility boilers with fuli load capacities greater than or equal to 25 MW.
(3} Coal- fired industrial boifers with maximum heat input capacities greater than or equal to'250 MMBtu/hour
- {4) Fuel oil- and natural gas-fired industrial boilers with maximum heat |nput capacities geeater than ar equal to 250 MMB{u/_hour.

The methodology used in this spreadsheet Is based on the U.5, EPA Clean Alr Markets Division {CAMD)'s Irtegrated Planning Model (IPM version 6). The size and
costs of the SNCR are based primarity on four parameters: the boler size or heat input, the type of fue burned, the réquired lavel of NOx reduction, aad the
reagent consumption. This approach provides study-level estimates (£30%) of SNCR capital and annual costs. Default data In the spreadsheet is taken from the
SNCR Controf Cost Manual and other sources such as the U.S. Energy Information Administration (EIA). The actuat costs may vary frem these caicutated here due
to site-specific conditions, such as the boiler configuration and fuel type. Sefection of the most cost-effective contro! option should be based on a detalled
engineering study and cost quotations from system suppliers. For additionai information regarding the {PM, see the EPA Clean Air Markets webpage at
http:/fwww epa.gov/airmarkets/power-secter-modeling. The Agency wishes to note that all speeadsheet data inputs other than default data are merely available
to show an example calculation. :
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Total Capital Investment (TCI}

For Coal-Fired Boilers:
TCl = 1.3 X {SNCR gt + APHgst + BOPoet)

For Fuel Oit and Natural Gas-Fired Boilers: . :
o - TCE= 1.3 X (SNCRegq + BOP o)

Capital costs for the SNCR (SNCR o) = o - $0 in2016 dollars .~ -
Air Pre-Heater Costs (APH)* = _ o #DIV/01 in 2016 dollars ,
Balance of Plant Costs-(BOiJC;,St) = SO o 50 in 2016 dollars

~{Total Capital [nvestment (TCl) = S ‘ #DIV/0! in 2016 dollars *
#DIV/0! . ‘

LA Cem ST SNCR Capital Costs {SNCR )
For Coal-Fired Utifity B_c':_iléfrs;’f B PP TR
R - '.sN(:Rcostmzzo oow(amwaRF)“lx CoalF x BTFxELEVFxRF RN
For Fuel O|I and Natural Gas Flred Utlhty Bollers: ' S . Cty
SNCRmstm147 000 X (Byuy X HRF)MZX-ELEVE)(RE LT

For Coal- Flred !ndustrlal Boﬂers : : ) I T

TR TRt s.NCRcost ~ 220,000 X {0 1 x Qg x HRF)™* x CoalF x BTF x_'E'L_EVPx RE.

For Fuel 01[ and Natura[Gas Flred Endustrlat Bonlers e T
ST smcacost — 147,000 x {{Qg/NPHR)x HRE)* x ELEVF x RE ="

|SNCR Capital Costs (SNCR.o.) = - ‘ 50 in 2016 dollars - "

| T s e S i Pre-Heater Costs (APH o)
For Coal-Fired Utility Boilers: = " * = =70 .. .

T APHLew= 69,000 X (B X HRF X CoalF) ™ X AHF X RF
For Coal-Fired Industrial Boilers: . - e o
: - APH e = 69,000 x (0.1 x Qg x HRF x CoalF)>”® x AHF X RF

IAir Pre-Heater Costs (APH ) =° = T T HEDIV/OL in 2016 doliars
#DIvV/0] - :

| . o S ~ Balance of Plant Costs (BOP,)
For Coal-Fired Utility Boilers: ‘

BOPs = 320,000 x (Braw) ™ x (NO,Removed/hr)™** x BTF X RF
For Fuel Oil and Natura! Gas-Fired Utility Boflers: -
BOP,q = 213,000 X {Bpw )™ x (NO,Removed/hr)™*
For Coal-Fired Industrial Boilers:
BOP o = 320,000 x (0.1 x Q)*** x (NO,Removed/hr)*** x BTF x RF
For Fuel Oil and Natural Gas-Fired Industrial Boilers:

BOP,, = 213,000 x {Qa/NPHR)** x {NO,Removed/hr)®*x

|Balance of Plant Costs (BOP o) = S0 in 2016 doliars




Total Annual Cost (TAC)
TAC = Direct Annual Costs + Indirect Annual Costs

~ |Direct Annual Costs (DAC) = #DIV/O! in 2016 dollars
Indirect Annual Costs (IDAC) = #DIV/0 in 2016 dollars
Total annual costs (TAC} = DAC + IDAC #DIV/0! in 2016 dollars

Direct Annual Costs (DAC)

DAC (Annua! Maintenance Cost) + (Annual Reagent Cost} + {Annual Electr[uty Cost) + (Annuai Water Cost) + (Annual Fuef Cost) +
(Annual Ash Cost) = :

Annual Maintenance Cost= - = S 0.0M5xTCl = e #DIV/O! in 2016 dollars -

|Annial Reagent Cost = o G X COStegg Xtgp=e L L ' $589,391 in 2016 dollars * *
Annuarl Electricity Cosf = " o PX Cost‘e!ect X top = . o L ', . HDIV/O! : in2016 dbEiaré
Aniual Water Cost = o ' Guiater X Cost'\,,at,_ﬂr Xig,= - o co 50 In 2016 dollars

AdditibnéI_FueI Cost = _ - - AFuel x Costfue,x top _ . _ . E - SO in 2016 dollars
Additional'Ash Cost= ~ - - AAsh x COStag, X tc,,, X (1/2000) T sDiv/ol - in2016 dollars
IDirect Annuai Cost = ) . . . SO0 HDIV/OL in 2016 dollars

Indirect Z\__i'\hua! Cost (IDAC) _
IDAC = Administrative Charges+ Capital Récovery Costs

Administrative Charges {AC) = 0.03 x- Annual Maintenance Cost = T HDIV/O! in 2016 dollars - -
Capital Recovery Costs {CR)= CREXxTCl = : - #Dv/ol in 2016 dollars .
Indirect Annual Cost {(IDAC) = AC+CR= ' C #DiIv/01 in 2016 dollars -’

Cost Effectiveness = Total Annual Cost/ NOx Removed/year

Total Annual Cost (TAC) = : . #ov/OL - " pervear in 2016 dollars
“INDx Removed = - . L 757 tons/year
Cost Effectiveness = - #owv/poL o per ton of NOx removed in 2016 doi!ars
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LEGAL NOTICE

This analysis (“Deliverable”) was prepared by Sargent & Lundy, LL.C. ("S&L"), expressly for the sole

use of Eastern Research Group, Inc. {("Client"} in accordance with the agreement between S&L and Client. 7
© This Deliverable was prepared using the degree of skill and care ordinarily exercised by engineers
practicing z:;'fder similar cfrcumstanc“es. Client acknowledges: (1) S&L prepared this Deliverable subject to
the particular scope | iiniz;afiohs, budgetary and time constraints, and business objectives of the Client; (2)
information and data provided by others may not have been independently verified by-S&L; and (3) the
information and data contained in thi:y Deliverable are time sensitive and changes in thé data, applicable
codes, standards, and acceptable engineering practices may invalidate the findings of this Deliverable. Any

use or reliance upon this Deliverable by third parties shall be at their sole risk.

This work was funded by' the U.S. Environmental Profection Agency (EPA) through Eastern Research
Group, Inc. (ERG) as a contractor and reviewed by ERG and EPA personnel.
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DSI Cost Methodology

Purpose of Cost Algorithms for the IPM Model

. The primary purpose of the cost algorithms is to provide generic order-of-magnitude
costs for various air quality control technologies that can be applied to the electric power
- generating industiy on a system-wide basis, not on an individual unit basis. Cost
algorithms developed for the IPM model are based primarily on a statistical evaluation of
- cost data available from various industry publications as well as Sargent & Lundy’s
"+ proprietary database and do not take into consideration site-specific cost issues. By
. necessity, the cost algorithms were designed to require minimal site-specific information
" and ‘were based only on a limited number of inputs such as unit size, gross heat rate,
* baseline emissions; removal efficiency, fuel type, and a subjective retrofit factor, '

" The outputs from these equations represent the “average” costs associated with the
“average” project scope for the subset of data utilized in preparing the equations. The

© IPM cost equations do not account for site-specific factors that can significantly affect
costs, such as flue gas volume and temperature, and do not address regional labor
productivity, local workforce characteristics, local unemployment and labor availability, .
project complexity, local climate, and working conditions. In addition, the indirect
capital costs included in the TPM cost equations do not account for all project-related
indirect costs, such as project contingency, that a facility would incur to install a retrofit
control. ' ' )

Technology Description

Dry sorbent injection (DSI} is a viable technology for moderate SO,/HCI reduction on
coal-fired boilers. Demonstrations and utility testing have shown SO»/HCI removals
greater than 80% for systems using sodium-based sorbents. The most commonly used
sodium-based sorbent is Trona. However, if the goal is only HC] removal, the amount of
- sorbent injection will be significantly lower. In this case, Trona may still be the most
commonly used reagent, but hydrated lime also has been employed in some situations,
Because of Trona’s high reactivity with SOz, when this sorbent is used, significant SO2
-removal must occur before high levels of HCI removal can be achieved. Studies show,
however, that hydrated lime is quite effective for HCI rémoval bécause the need for
simultaneous SO; removal is much reduced. In either case, actual testing must be carried -
out before the permanent DSI system for SOz or HCI removal is designed.

The level of removal for Trona can vary from 0 to 90% depending on the Normalized
Stoichiometric Ratio (NSR) and particulate capture device. NSR is defined as follows:

(moles of Na injected) /

{moles of 8O- in flue gas)

(theoretical moles of Na required)
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DSI Cost Methodology

The required injection rate for alkali sorbents can vary depending on the required
removal efficiency, NSR, and particulate capture device. The costs for an SOz mitigation
system are primarily dependent on sorbent feed rate. This rate is a function of NSR and

- the required SOz removal (the latter is set by the utility and is not a function of unit size).
Therefore, the required SO, removal is determined by the user-specified SO emission
limit, and the cost estimation is based on sorbent feed rate and not unit size. Because
HCI concentrations are fow compared with SOz concentrations, any unused reagent for

. SO; removal is assumed to be used for HCl removal, resulting in a very small change in
the NSR used for SO; removal when HCI removal is the main goal.

The sorbent solids can be collected in either an ESP or a baghouse. Baghouses generally
- achieve greater SOz removal efficiencies than ESPs because the presence of filter cake on
the bags allows for a longer reaction time between the sorbent solids and the flue gas.
Thus, for a given Trona removal efficiency, the NSR is reduced when a baghouse is used
for particulate capture. '

The dry-sorbent capture ability is also a function of particle surface area. To increase the
particle surface area, the sorbent must be injected into a relatively hot flue gas. Heating
the solids produces micropores on the particle surface, which greatly improve the sulfur -
capture ability. For Trona, the sorbent should be injected into flue gas at temperatures

" above 275°F to maximize the micropore structure. However, if the flue gas is too hot
(greater than 800°F), the solids may sinter, reducing their surface area and thus lowering
the SO, removal efficiency of the sorbent. :

Another way to increase surface area is to mechanically reduce the particle size by
grinding the sorbent, Typically, Trona is delivered unmilled. The ore is ground such that
the unmilled product has an average particle size of approximately 30 pm. Commercial
testing has shown that the reactivity of the Trona can be increased when the sorbent is
ground to produce particles smaller than 30 um. In the cost estimation methodology, the
Trona is assumed to be delivered in the unmilled state only. To mill the Trona, in-line
mills are continuously used during the Trona injection process. Therefore, the delivered
cost of Trona will not change; only the reactivity of the sorbent and amount used change
when Trona is milled.

Ultimately, the NSR required for a given removal is a function of Trona particle size and
particulate capture equipment. In the cost program, the user can choose either as-
delivered Trona {approximately 30 wum average size) or in-line milled Trona
(approximately 15 pum average size) for injection. The average Trona particle size and
the type of particulate removal equipment both contribute to the predicted Trona feed
rate,
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DSI Cost Methodology

Establishment of the Cost Basis

For wet or dry FGD systems,-sulfur removal is generally specified at the maximum
achievable level. With those systems, costs are primarily a function of plant size and
target sulfur removal rate.- However, DSI systems are qu1te different. The major cost for -
the DSI system is the sorbent itself. The sorbent feed rate is a function of sulfur -
generation rate, particulate collection device, and removal efficiency. To account for all
‘of the variables; the capital cost was established based on a sorbent feed rate, which is
calculated from user input variables. Cost data for several DSI systems were reviewed
and a relationship was developed for the capital costs of the system on a sorbent feed-rate
basis.

Methodology
Inputs

Several input variables are required in order to predict future retrofit costs, The sulfur
feed rate and NSR are the major variables for the cost estimate. The NSR is a funetlon of
the following:

o Removal efficiency,
¢ Sorbent particle size, and
s Particulate capture device.

' A retrofit factor that equates to difficulty in construction of the system must be defined.
The gross unit size and gross heat rate will factor into the amount of sulfur generated. .

. Based on commercial testing, removal efficiencies with DSI are limited by the particulate
“capture device employed' Trona, when eaptmed in an ESP, typically removes 40 to 50%

- of SOz without an increase in particulate emissions, whereas hydrated lime may remove
an.even lower percentage of SO2. A baghouse used with sodium-based sorbents )
generally achieves a higher SO, removal efficiency (70 to 90%) than that of an BSP. DSI'
technology, however, should not be apphed to fuels with sulfur content greater than 2 Ib
SO/MMBtu. _

Units with a baghouse and limited NOx control that target a high SO2 removal efficiency
with sodium sorbents may experience a brown plume resulting from the conversion of
NO to NO2. The formation of NO; would then have {o be addressed by adding an
adsorbent, such as activated carbon, into the flue gas. However, many coal-fired units
control NOx to a sufficiently low level that a brown plume should not be an issue with
sodium-based DSI. Therefore, this algorithm does not incorporate any additional costs to
control NO,.
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The equations provided in the cost methodology spreadsheet allow the user to input the
required removal efficiency, within the limits of the technology. To simplify the
correlation between efficiency and technology, SOz removal should be set at 50% with an
" -ESP and 70% with a baghouse. The simplified sorbent NSR would then be calculated as
follows: ‘ ' ,

For an ESP at the target 50% removal —
Unmilled Trona NSR = 2.00
Milled Trona NSR = 1.40

‘For a baghouse at the. target 70% removal —
Unmilled Trona NSR =1.90
Milled Trona NSR = 1.50

" The algorithm identifies the maximum expected HCI removal based on SO2 removal.

The HCI removal should be limited fo achieve 0.002 Ib HC/MBtu to meet the Mercury

~ Air Toxics (MATS) regulation. The hydrated lime algorithin should be used only for the

HCI femoval requirement. For hydrated lime injection systems, the SO, removal should
be limited to 20% to achieve maximum HCI removal.

The correlation could be further simplified by assuming that only milled Trona is used.
The current trend in the industry is to use in-line milling of the Trona to improve its
utilization. For a minor increase in capital, milling can greatly reduce the variable -
operating expenses, thus it is recommended that only milled Trona be considered in the
simplified algorithm. -

Qutputs
Total Project Costs (TPC) -

First, the base installed cost for the complete DSI system is calculated (BM). The base
installed cost includes the following:

All equipment,
Installation.

Buildings,

Foundations,

Electrical, and

Average retrofit difficulty.

The base module cost is adjusted by the selection of in-line milling equipment. The base
installed cost is then increased by the following:
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¢ Engineering and construction management costs at 10% of the BM cost;
¢ Labor adjustment for 6 x 10- hour shift premium, per dlem etc., at 5% of the

"BM cost; and
o (Contractor profit and fees at 5% of the BM cost,

A capital, engmeenng, and construc‘uon cost subtotal (CECC) is estabhshed as the sum of '
. the BM and the additional engineering and construction fees. - .

: Addltlonal costs and financing expenditures for the pmJect are computed based on the

2 ~ CECC. Flnancmg and add1t1onal project costs 1nclude the followmg ‘

. “Owier’s home office costs (owner’s engiﬂeering, management, and
procurement) are added at 5% of-the CECC.

e Allowance for Funds Used During Construction (AFUDC) is added at 0% of
the CECC and owner’s costs because these pro;ects are expected to be
completed in less than a year.

The total project cost is based on a multiple lump-sum contract approadh. Should a
turnkey engineering procurement construction (EPC) contract be executed, the total
project cost could be 10 to 15% higher than what is currenﬂy estimated.

Escalation is not included in the estimate. The total project cost (TPC) is the sum of the
CECC and the additional costs and financing expenditures.

Fixed O&M (FOM)

. The fixed operating and maintenance (O&M) cost is a funct10n of the additional
operatiors staff (FOMO), maintenance labor and matetials (FOMM), and administrative
. labor (FOMA) associated with the DSI installation. The FOM is the sum of the FOMO,
- FOMM, and FOMA. .

The following factors and assumptions underlie calculations of the FOM:

o All of the FOM costs are tabulated on a per-kilowatt-year (kW-yr) basis.

e In general, 2 additional operators are required for a DSI system. The FOMO
is based on the number of additional operations staff required.

e The fixed maintenance materials and labor is a direct function of the process
capital cost (BM).

¢ The administrative labor is a function of the FOMO and FOMM.
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Variable O&M (VOM)

Variable O&M is a function of the following:

» Reagent use and unit cbsts,
e  Waste production and unit disposal costs, and
e Additional power required and unit power cost.

The following factors and assumptions underlie calculations of the VOM:

. All of the VOM costs are tabulated on a per megawati-hour (MWHh) basis.
The additional power required includes increased fan power to account for the
- added DSI system and, as applicable, air blowers and transport-air drying
equipment for the SO2 mitigation system.

The additional power is reported as a percentage of the total unit gIOSS
production. In addition, a cost associated with the additional power
requirements can be included in the total variable costs.

The reagent usage is a function of NSR and the required SO removal. The
estimated NSR is a function of the removal efficiency required. The basis for
total reagent rate purity is 95% for hydrated lime and 98% for Trona.

The waste-generation rate, which is based on the reaction of Trona or
hydrated lime with SOz, is a function of the sorbent feed rate. The waste-
generation rate is also adjusted for excess sorbent fed, The reaction products
in the waste for hydrated lime and Trona mainly contain CaSQOs and NaxSO4
and unreacted dry sorbent such as Ca(OH), and NaxCOs, respectively.

The user can remove fly ash disposal volume from the waste disposal cost to
reflect the situation where the unit has separate particulate capture devices f01
fly ash and dry sorbent.”.

If Troma is the selected sorbent, the fly ash captured with this sodium sorbent
in the same particulate control device must be landfilled. Typical ash content
for each fuel is used to calculate a fotal fly ash production rate. The fly ash
production is added to the sorbent waste to account for a total waste stream in

the O&M analysis.
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Input options are provided for the user to adjust the variable O&M costs per unit.
Average default values are included in the base estimate. The var 1able O&M costs per
unit optlons are as follows:

e Reagent costin $/ton. :
e Waste disposal costs in S/ton that should Vary Wlth the type of waste bemg
- disposed. ‘
» . Auxiliary power cost in $/kWh; no noticeable escalatlon has been observed
- for auxiliary power cost since 2012,
° . Operatmg labor rate (mcludmg all beneﬁts) in $/ht. -

“The variables that co‘ntrlbut_e to the overall YOM are:

VOMR = - Variable O&M costs for reagent
VOMW = Variable O&M costs for waste disposal
VOMP = = Variable O&M costs for additional auxiliary power

The total VOM is the sum of VOMR, VOMW, and VOMP. The additional auxiliary
power requirement is also reported as a percentage of the total gross power of the unit.
Table 1 contains an example of the complete capital and O&M cost estimate worksheet
for a DSI installation with milled Trona injection ahead of an ESP. Table 2 contains an
example of the complete capital arid O&M cost estimate worksheet for a DS installation
with milled Trona injection ahead of a baghouse. Table 3 contains an example of the
complete capital and O&M cost estimate worksheet for a DSI installation with unmilled
Trona injection ahead of an ESP. Table 4 contains an example of the complete capital-
and O&M cost estimate worksheet for a DSI installation with unmilled Trona ahead ofa -
baghouse. Table 5 contains an example of the complete capital and O&M cost estimate
worksheet for a DST installation with hydrated lime injection ahead of ann ESP. Table 6
contains an example of the complete capital and O&M cost estimate Worksheet for a DSI
installation with hyd1 ated lime ahead of a baghouse.
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Table 1. Example of a Complete Cost Estimate for a Milled Trona DSI System with an ESP '

Capital Cost Calcutation

Varizble Designation Units Value Calculation - _
Unit Size (Gross) A (MAN) 509 <—Userinput - -
Retrofit Factor B 1 <— User lopit {An "average” ratrofit has a faclor=1.0)
Gross Haat Rate [+ (Bwk¥/h) 500 <— User Input
[502 Rate i3 By E <— User Input
Type of Caaf E . Blurina ¥ | < User input - -
Farticulatz Capture F 52 w |=—User input -
Sarhant © 5 it frory v < User Input B
N Aaximurn Removal Targets: ~ - -
‘Unmilled Trona with an E5P = 85%
Miled Trona with an ESP = B0%
Removal Targ=t H () - £0 Unmilled Trona with an BGH = 80% . -
Ailled Trona with an BGH = 20% -
! Flydratzd Lima with sn E37.= 303 -
- "[Hydrstad Wma with 3 BGH = £6% A - _
Heal Inpul J Bty AT6EHID A'C* 100D - -
Unmilled Trona with an EBP =7 {H=40,0.0350°H.0.352eM(0.0345'H)} -
. Milled Trona with 2n ESP = if (H<40,0.0270"H,0,353240,0280°H)) -
. Kk 143 - fUnmilted Trona with a BGH = if (H<40,0.0215"H,0.295=40.0267 " Hj) B
HSR ’ Mlilsad Trona with a BGH = if {H<40,0,0180°H,0,208eN0 0281 *H)}
. irated Lima2 with an ESF = 0 604" HD.2806
ted Lirma with & 8GH = 0 BDET'HI0.8505
- Trona = {1.2011 x ADM08)'K°A'CD
Serbam Feed Rate M {toninr) _ . L= Hyratad Lime = {.0055 x 17077 K'A'C'D : _
or Uamitag Frora with an ESP = 60.88"H*0.1081, or 0.002 i
S —— of Unmilad Trens with 2 BGH =24 528°H0.0240 or D.LO2 Ib/NBta
imaned HCl Removal Y il B “ydrated Limz with 3n ESP = 51,.92'K0,107 or 0.002 kISl
Hydratzd Lim2 with 2 BGM = 0 B085 ' +403.12 er 0 D02 2ihiBIu
Trona = {07387 + 0.001ES HK)' RS
[Sorbent Waste Rata H {toryhir) 13.12 Lime = (103 + 2 CO777 "MKk
Wasty product adjusted for a mawmum Ir st contant of 82 for Trans and 232 tor Hydvatad Lims.
{A'CY Ash in Coal'(1-Beiler Ash Removsiy{2"HHV}
Fly Ash Waste Rate | " tonh 2073 For Bituminaus Coal Ash in Coal =0,12; Boidlar Ash Removal = 8.2, HHV = 11000
include In vOM? {2 ! i ) For PRA Coak: Ash in Coal = [1.08; Boiler Ash Remaval = 8.2; HHV = 8400
For Lignitz Coat: Ash in Cpal = [LOE; Beller Ash Removal
Ay Power Q %) 0.85 =7 Milled Trona M'20/A eisz M7 184
inalude In VOM?
!So'ﬁem Cost R (S#on} 70 <~ Usar Inpu} {Teona = §170, Bydrsted Lime = 5180}
50 <— User Input {Disposal cost with fly ash = 560, Withowt iy ash, the serbant
Waste Disposal Cost & {Sren} X will b2 more dificuh to dispos ]
Aux Power Coct T ¢3EWhi 0.0 <— User lnput N
S parating Labor Fate it () &0 <— Usertnput Sl ahor cost including ail beneftst

Costs are all based on 2016 dolla_rs

Includes - Equpmant, installaticn, buitdings. foundalions, elettrival, and retroft difficu'ty

Unmiled Trona o Hydrated Lvae i (M>25 then (745,000 B A} etsa 7.500,000° B (hi*0.284)
Miled Frona if (M>25 then {820,000°B'M} else 8 200,000 B (M4) 284)

BM (5)=

B (SHW =

Total Projest Cost

At = 0% of BM
A2 = 5% of BM
A =5% of BM

* CECC'{$] - Excludes Ohwner's Costs = BM*ATHAZFAL
CECC (W) - Exoludes Owner's Costs =

B1 = 5% of CECC

TPG {§) - Includes Owner's Costs = CECT + B
TPC {$1W) - Inctudes Owner's Costs =

B2 =0% of (CECC + BY)

TPC{5) = CECC + BT + B2

TPC (/W) =

Fixed QBM Cost

FOMO (REW yr} = (2 addiEonal aperator) 2080° UNAY 1000]
FOMM {5/ y2) = BMTIO1/B A" 1000)
FONA (FRW yr} = D.03YFOMOH0.A4"FOMM}

FOM ($1KW yr} = FOMO + FOMM + FOMA

Varlalile O3M Cost

VORR (SADNh) = MRS

VOMW {SIMWH) = (NP ) SIA

VOMP (£'hIWh) =Q'T*10

VOM ($24Wh) = VOMR + VOMW + VOMP

Page 8

Example Comments
s 4 sobant ineludes al! ot 340
5 18,448 000 EJ_'. m?dul.e far urum !e.! SD;L.IE!I-’IJL?:-E al: 2guipment frem un'eadiry
ta injection. including debumificaton sy=iam
37 Base modula cost per kW
$ 1,235,008 Enginesning and Conhstrustion Management costs
3 ©17.000 Labor adjustmert for & x 10 hour shift premium, per diem, #ta.., -
s ©17.000 Contracter profit and fees
§ T 22.017,000 Capital, engineering and construction cost subtota! .
a5 Capital, engineering and constriction cost subtc}ai patr kW . -
5 1.101.000 Owmars costs induding alf ‘home ofice’ cosls [l;'t\nws engineering,
e management, and procurement activities)
L3 23,118,000 Totat project cast witheut AFUDC
48 Tota! project cost per kW wihout AFLDC
s - AFUBC {Zam forless than | year angineering and construction cycla}
H 23,118,008 Tatal project cost
46 Total project cost per kYWY
8§ 0.60 Fixed O&M addifonal operating |sbor cosis
3 .27 Fiyed Q&M additional mamiznance matarial and labor 0asts
5 0oz Fivad O8M addiional administrative isbar costs
§ .83 Total Fixed OBM costs
H L4585 Variable D&M costs for sorbert
5 a3e Martable D&M costs for waste dispesal thatinciudes both the sorbent
i and the fly ash waste nat removed prier to the sorbent injection
5 040 Variable Q&M cosis for addiional suxiliary pawer required
N {Refar 1o Aux Povaer 36 above)
H 933
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Baghouse

: Table 2. Example of a Complete Cost Estimate for a Milled Trona DSI System with a -

L . Variabla Designation Units Value - C.
_ Unit Sza (Gross) A MW - <o Uger [nput
Reatrofi Faclor B 1 + | €— User Input (An "average” retrofit has a factar = 1.0)
Gross Heat Rate < {BuYhy 9500 ' . <— User Input
SO2 Rata 3] ChaMiBt) .2 -|#— User Input
- Type of Coal E Bt . ‘w{«— User Input
- Paiticulate Captura - F Bavfansit < User Input
- Sarkant & - Hokad frore <— Usier Input .
' Manimum Removal Targets:
, . '{Unmilizd Trona with an ESP = 85%
- LI -|Millad “Irona with an ESP = 80%
- Removs! Targal H (%4} 0 s Unmilizd Trena with an BGH = 80%
- L . |Mitiad Trona with an BEH = 4%
- Hydeatad Lima with an EZR = 303
Hydrz1ad Lima with a BEH = 50%
) Heat Inpug d (Btwhn AT5E+H0 AMCH 10D .
— - - - - ’ Unmiled Trons with an ESP = if (H<40,0.0350'H,0.352e40.0345 H)}
- - Mifted Trona with an ESP = if (H<40,0.0270"H,0.353e*(0.0280°H})
N o~ Unmifked Trona wih a BGH = i {H<D,0.0215°H 01 265e40.0287 'H))
- MR o o.85 Ailled Trona with 3 BGH = if [H<40,0. 0186 £ 2096A(0.026 1 'H)) .
- Aydratad Lime with an ESF = 0.504 H 02606
h Hysratad Lime with a BOH = 0087 H+0.6E08
. ' Trona = (1. b KUANCTD
- - Zomem Fead Rate M fontey | 287 P{'}"ﬂ’:;t_;'uf: L“_w"u*;;‘;’j‘,;,_m,,{‘ .
- Liked or Unmited Trena with an ESP = 80.83"H0. 1081, or 002 IvMB
= B & d or Lnmited Tropa with 2 BOH =89 582 K~0.0348 or 0.002 M B
eimated ROl Rememl oL@ & Hytralad Lima with it ESP = 54.87'H10.167 or 0.002 /Bl
lydrated Linz with 2 BGH = 0.0025'H+88.12 & 0.002 BMBlu
Trons = (0.7387 + Q.O00IESHUK)'M
Sorbent Waste Rate N {toevhr) 420 Lime = (1 0D + C U7 HENN
. preduct 2dfusted for a maxmum inad conters: of 5% for Trona and 2% for dycrated Lima.
(ATCYAsh in Coal (1-Bofer Ash Removary(Z’HHV)
Fly Ash Waste Rats For Biiminous Coal: Ashi in Coal = 0.12; Bofer Ash Remaoval = 1.2, HHV = 15000
Inciude in VOM?  [¥] F {fon'n) nra For PRA Coat Ash in Goal < 008; Beller Ash Ramoval = 0.2; KHY = 8400
For Lignile Coak Ash in Coal = D.08; Boier Ash Removal
Aux, Power [*] [£3] 029 =i Midled Trona M20/4 else MT1RIA
Jnclude in vou? :
Sorbant Cost 7 iSiton], o AT0 - |=— User Input (Trona = $170, Hydrated Lime = S1£0)
59 <— User Input (Disposal cost wih fiy ash = 360, Wilhowt fly ash, the serbant waste alens
. \Wasts Dispasal Cost 5 i8iten) .. will ber more difieult 1o dispase = $100)
) Aux Power Cost T {SEVWh) 0.08 <— User Input
Operalleg Labar Rate \F [ET00) - [} = User Input (Labor cost Inciuding s benafits)

- Costs are all based on 2016 dollars

Capital Cost Calcalation

" Inciudes - Equi o, Brekiings, i electrical, and retrofit dffisulty
Unmiled Trana o Hydrated Lime i (M>25 then (743.000°'8'M) els2 7,600,000 B {02843
Mitted Trona F{M>25 then (820,000'B') else 8,300,000°B' (M1 264}

BUIS) =

- BMEMW =

Tatal Project Cost
- - A3 = i03 of BA
A2 = 5% of B\
T A3 = 5% of BM

GEGC {§) - Excludes Owner's Costs = BMHAIAZYAS
- CECC {$/kW) - Exchades Owner's Costs =

B1 = 5% of CECC

TPCY ($) - Inctudes Owner’s Costs = CECC + B
TPC! ($4W) - Includes Owner's Costs =

B2 = D% of (CEGC + B1)

TPC {$} = CECC 4+ B1 + B2
TG (HRW) =
Fixed O8M Cost
FOMO ($KW y7) = (2 additonal pperstar)'2080°UHA" 1000)
FOMM (kW yr) = BM'0 0 1/(B*AY1D0D)
FOMA (kW ) = 0.03(FORMOD.4"FOMAY)
FOM ($74W y1) = FOMD + FOMM + FOMA,

Variable Q&M Cost
VOMR (3:MWh) = M'RIA

VOMW {SMWh) = (N+P)*SIA

VOMP (3/MWh) =0T 40

WO (§TWh] = VONR + VORW + YomP

Page 9

o n e

Example Comments
5 15,812,600 Baza moduls forunm lsd sotbentintludes afl 2iuipment from unkeadir g
Ea toinjsction, ineluding dahumificatan systam
az Base moduls cost per K\
+,581,000 Enginesring and Censtruction Management costs. .
781,000 Labor adjustment for & x 10 hour SR premium, per dlem. &ta... -
781,000 Contrzctor profit and faes -
18,976,000  Capital, engineting and canstruction cost sublatal’ B
g Capital, enginzering and construction cost sublatal per kN -
s 40,000 Owners costs induding 3l *homte office” costs {owners engin2adng,

management, 2nd procurement activities)
$ 19,924,000 Tota) profect cosl without AFUDC
40 Total project cosl per kv without AFUDC

5 - AFUCC (Zero for less than § year engineering and constructon aycle)
3 19,524,000  Tota! project cost
40 Tota! project cost per kW
8 0.60 Fixad OEM additonal aparating labor costs
5 0.32 Fixed Q&M addionat maintenance materal and tabor oosts
5 X2 Fixad O8M additonal administrstive labar costs
13 0.a3 Tota! Fixed O2M cosls
] 328 Variahls {3&M costs for sorbent
5 280 Variable Q8M casts for waste dispasal thatincludes both the sorbant

ard tha fiy ash waste nat removed priar to the sorbent infaction

Varable Q&M costs for addifonal suxifiary pover required
{Refer 1z Aux Pover % above)
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Table 3. Example of a Complete Cost Estimate for an Unmilled Trona DSI System with an

ESP

‘ aranle Desigaﬂm s aie CRlcwanon -
N R Link Skza {Gross) A [(ZT) 500 <— 156 Iy N
o Refrofit Factor B 1 <— fser Input (An "average” refrofit has a factor = 1.0)
Gross Heat Rate o [EEPTARID] 9500 <—tisef npl - - :
) 502 Rale D {Ib/MMBlu} 2 «— tiser Input
R Type of Coal E Bl s | tser Input
R Paticuiale Capture F Lsr <— User Inpul - i
) Sorbent .G Bremitel Tro ¥ [<—— User inpul B L _
. j - Madmum Removal Targels: | j B
- - Unmilled Trona with an ESP = 65%
Hilled Trona with an ESP = 80%
- |Removal Target - B (%) 50 Unmillad Trona with an BGH = 0% ) . . -
o Milled Trona vdth an BGH = 963 !
Hyomfed Lims wih an £5P = 30% R
- R e . Bydraled Lime with a BGH = 50% -
Heaat Inpiit J {Btuhr) 4.76EHY A*CM0G] . -
o : . Urimilled Trona with an ESP = if (H=40,0.0350"H,0.352e40.0345'H)}
. Miled Trona vith an ESP = if {H-40,0 0270"'H 0.353e40.0280°H}
~ . N . - 1.69 Unmilled Trona with 3 8GH = if (H=40,0.0215"H,8.255eM0.0267* H)}
- Milled Trona wath @ BGH = if (H<40,0.6160"H,0 208e40.0281°H))
Hydrated Uime with an ESP = 8.524'H0.335
Hydrated Lime with 3 BGH = 0.0087"H+0.6505
A Trona = (1.20H1 ¥ 10~06)K*AC'D
$3obent Feed Rate M {lonhe} 254 ydraled Lime = {8.0085 x 107y KAC'D
. FTed or Unmit'ad Trona with an ESP = €0 26" M0, 1081, or 0.002 kB
| . N . Mred or Unmif'ad Trona vith 3 BGH =84, 534°H) 0348 or 0,002 Hx1Blu
JFetimated I Remova v 6 u Fydrated Lime wilh an ESF = 54.92°HG. 107 or 0.602 IeMB
Bydrated Lime With a BGH = 0.0086*H+99.12 or .002 IWMBiu
Trora = (.7367 + 0.00195' HACPM
Sorhent Waste Rate N ({tonvhe) 177 Lipse = (1.00 + 0.0077 7 HA'M
‘Wasle product adjusted for a maxiurm ierd contert of 5% for Trona and 2% for Hydrated Lime,
(ATCTASH In Coal | - Boier Ash ﬁemovﬂwz‘HHV] e
Fly Ash Wasie Rale P o 2073 For Bituminous Coal: Ash in Coal = 0.12; Boiler Ash Renroval = 0.2; HHV = 11000
Inchide ir YOM? (3} - tonfhr) = For PRB Coal: Ashin Coal = 0.08; Bedler Ash Removal = (.2, HHY = 8400
) For Ligrite Caal: Ash In Codl = (.08, Baller Ash Remaval .
Al Pover a (1) 0.81 =i iiled Trona M 20/A efse M*187A
Ilncludﬂ in VOIiZ
Sorbent Cost R (Shon) 225 +— User [npuf (Trara = S170, Hydraled Ume = S150)
. 50 «— User Inpat {Dispasal cost with Gy ash = $50. Without By ash, the sorbent waste dfone
Waste Disposal Cost 8 (Sfon) will be more dificull to dispese = $100)
AL Pomer Cost T (3/%Wh) 1.06 <= User Input
Oparating Eabol Rate U {&/Tr} [ <—— User Inpint {[.abor cosi [ncluding all benefils)

Costs are all based on 2016 dollars

Capital Cost Calcufation
Includes - Equipment, installztion, bulkiings, foundations, elecical, and refrofit dificuity

BMEGI=  yled Trona i (M-25 then (520,000°8"h) efse 8.300,000°0A0.284)

BM {40 =
Tatal Projact Cost .

A= 16% of BM . -

A2=5%olBM -

A3 = 5% of BM -

CECC {$} - Excludes Ownar's Costs = BM+AT+AZ=A3
CECC (kW) - Excludas Owner's Costs =
B1 = 5% of CECC

TPC' ($) - Includes Owner's Costs = CECC + B1
TPC' ($/KW) - Includes Ovmer's Costs =

B2 = 0% of (CECC + 81}

TPCI$)=CECC +B1 +82
TPC (15w =

Flxed D&M Cost
FOMO {S&MY y1) = (2 additional operator)* 2080° UAA 1000}
FOMM (S5RW y} = BM'0.001BA1000)
FOMA {34 ) = 0.034(FOMOHO. 4 FOMM)

FOM ($/KW yr) = FOMO + FOMM + FOMA

Variable OZM Cost
VOMR {SMWh) = W'RIA

VOMW (SR} = (N+PJ'SIA
VOMP (3H8Wh) =T 10
VM (S = VOIIR + VORIW + YOI

Unmiled Trono of Hydrated Lime i (M>=25 then (745,00076"M) else 7,500, 0008 (40.204)

Page 10

Example Comments
s 18,168,000 Base modula for yneiied sorbent ncludes all equ pment from unloading
gt to injeciion, inciuding detumtficalicn syslem
) Base modtde cost per kW . -
3 1,817.0C0 Engineering. and Cons!m:l]‘on Mamgen;enlcnsfs
$ 908,000 Labor adjustment for & x 10 hour zhift pramium, per diem, etc...
5 $8,000  Conlraclor profil and Tees
5 Capital, engineering and consbruction cost subtotal

21,801,000
4 Capilal, exggneering and construction cost subtotal per W

Oaners costs inciuding ail "home office” cosls (anars englneanng,
management, and procurement activities)
Total praject cost withatt AFUDC

* Tota! praject cost per KW without AFUDC

H 1,660,000
$ - 22601,000
4%

s - AFUDC (Zedo Tor less than t year engineering ond construction cycla)

Toto! profect cosl

$ 22,891,000
16 Total prafect cost par Ky

s 0.50 Fixed Q3M additionat operaling labor cosls

3 0.36 Fived Q&M addtions malntenance materdal and kabor costs

s ooz Fixed Q&M additiona! administrative labor cosls

5 0.88  Total Fixed O&M costs ’

S 10,14 Yarfable C8M costs for sorbent

s 184 Yarahls CAM costs for waste disposal ihat includas beth the sortbent
) and the My ash waste not removed prior te the sorbend Injection

s p4g  Yarable CEM costs for addiional audiary power requied
) {Refer to Aux Pawer % above)

) W47
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Table 4. Txample of a Complete Cost Estimate for an Unmilled Trona DSI System with a

Baghouse

7 Variable [2]

i Uniits Valua Caloulation
_  [init Si= {Gross, A (K] 500 <— User In)
. Retrofit Facior B 1 <= User Input (An "average® rebof has a facter = 1.0y
’ ’ [Sross Heat Rats C ) 9500 < Gzer inpat
T R SO2Rata - o {DMABL) 2 <— Lizer [nput .
Type of Caal E BRumirn.s ¥i|<— Userinput - .
. Particulate Caplure F Wegwrse » < User Input '
- 2erbent o Ermdad Diivay w f<— User Input
- Maximum Remaval Targets: -
- * Unmilfied Trona with an ESP =85%
Kiiled Trona with an ESP = 80%
Remaszl Target H (%} 50 Unmilled Trona with 2n BGH = 80%
- _ | Mited Trona with an BGH =80% -
- Hydstad Linre with an ESP = 303 .
. . . Hydratad Lime with 2 BOGH = 5038 c L
- Heal tnput i J Blwhri 4.75EHID ARG 100D :
- - . ) Lnmilled Trona with an ESF'm i {He40,8.0350'H,0.352" (00345 H)}
Mited Trona with an £8F = if (H<40,0 02764H,0,35340.0280°H))
- 3 Unmilled Trona with ' B8OH = i (H<40,0.0215'H, DlMD 0267"HY)
. HSR : K 112 Mittad Trona with a BGH = i {H<40,0.0180'H.0.203a40 0281 'H)
- Hydrsted Limz with an ESF = 0 604" H/0.3006
Aydratzd Umie with 2 BGH = 00037 H+0L8808
" Trona = (1.2071 x IP-D8)KA'C'D
Serbent Feed Rate M {tonmrt 12,78 Hydeated Lima = (BO0E5 » 10MITYRIA'C'D
Mili=d or Unml‘.‘ladTm;n vith an E5F = E0.86°H'G. 105 1. of DOD2 /MBI
- . R . - B led or Unmited Trena with a AGH =24 538 'HAD 0348 or 0.002 thikBru
Retimated HCI Remarat v 196} @ Hydirstad Lins with 2n E4P = $4.62'H°0. 167 or 0.002 WibiBlu
- Hydrmtzd Lima with 3 BGH = 00085 'H+52.12 or 0 002 DihiBte
. Trana = (0.7367 + (.00 185" HIK)'M '
Sorbent Wosta Rate. N {zon/hr) $0.60 Lima = (3.00 + 0 COTTT' R M
Kit predust zdjuzsied for a mawmum intn content of 5% for Trona and 2% for Hycratzd Lime.
{A'CYAsh in Caal'{1-Baiter Ash Removaly{2"HHY)
h Fly Ash Waste Rata B torh] 078 Far Eituminous Coal: Ash in Coal = D.12; BoZer Ash Remaval =02 HHV = 11000
Indlude nvamz ) L ! : For PRB Ceak Ash in Coat = 0.G8; Bailet Ash Ramaya! = 0.2; HHV = 8400
For Lignita Coal: Ash in Caat = [.08; Boilar Ash Remn‘ﬂl
Aux Pawer Q (%) 046 = Milled Trona }4°20/A else W' 164
Include fn VOM?
|Bath=nt Cost R (S#en) ns <= User Inpul (Trena = 8370, Hydrsted Lime = 3150}
. 50 <— User Input (Disposal cost with fy ash = 550, Withewt fiy ash, the sorbant wast= alene
Waste Disposal Cost 3 (S$iton) : ‘il ba more dificult to dispose = $100)
Aux Powar Cost 1S - {$mwh} 0.08 <— User Input
Dparating | ahar Rate u Elhr) [ <— Liszr In; Input !beur cost srx:lud'nﬂ E benem:_}

Costs are all based on 2016 dollars

Capital Cost Calculation
Indludes - Equipment, msullshun. hmld:ngs i'oundaums alactrizal, and retrofic difficuity

Linmilied Fronz or Hydratsd L‘mé # (M>25 than (744.000'B'M) elsa 7,600,000 8 "(M~0.283)

BM(3)=. Mled Trona if (M>25 than {820,008'B M) lse 8.200.000"B* (M0 284}

B [SKW) =

Total Projest Cosi
A1=10% of BM i
AZ = 5% of BM
A3=B% ofHM

CEéC {5) - Excludes Owner's Cosls = BMEAI+A2VAD
CECE {$/kW) - Excludes Cwner's Costs =

Bi= 5% of CECC

TPC! {§) - Includes Cwner's Costs = CECC + B
TPC {UKW) - Includes Cwner's Casts =

B2 = 0% of (CECC + 83}

TPG {$) = CEGE + BJ + B2

TPC$W) =

Fixed D&M Cost
FONO {S/XW y7) = (2 addtonat operator)' 2080/LIAY $0D0)
FOREM (SIKW yr} = BNUOLD1{(B"A 1000}
FOMA (3K yr}+= 0.03(FOMCH0.4"FOMAY)

FOM {$/kW yr) = FOMO + FOMM » FOMA

Variable O&M Cost
VOMR (SAWh) = M'RA

VOMW {SINWh) = (N+PYSA
VOMP ($/MWh) =Q*T*10

VOM [$EWh] = VOMA + VOMW + VOMP

Page 11

Example Commernts
Bzzs module for unm1ed sorkentincudes all squipment from unlcadira

5 15,489,000 o injsction, including dehumifica system

at Base modutle cast per KW -
5 1ESTOLE  Enginestng and C ior M costs
3 773,000 Lator adjustmant for G x 10 howr shlh premivm, per diem, ete...
3 73,000 Cantracter poAt and fees
$ 18,561,000  Capital, engineering and copstruction cost suttots]

a7 Capial, engineering and construction cost subtotal per KA

695,000 Owners costs including all hame oifice’ costs [owners Bngineering.
‘ managament, and procurament activitias)

$ 9,489,000  Tola) project cost wahoul AFUDG

33 Tata) project cost per W wihout AFUDG
L] - AFUBC {Zem for less than 1 year enginesting and construction cycla}
$ 9,489,000 Tota! project cost

39 Total project cost per kW
5 0.60 Fixed Q&M additinnat oprrating labor costs
3 a1 Flied O8M sdditonal maintensnce matarial and labor casts
§ 0.02 Fixed Q&M sddionst administrativs 1abor costs
$ .83 Tatal Fixed Q&M cosis
5 570 Wasable DA costs Rar sotbent
5 293 Wariabls OBM casts for waste dispasal thai includes both the sorbent

- and the fiy ash wasta pat removed prior 1o the sorben injection
5 n.28 Variable O8A costs for addifonal ausiliary power required
{Refar iz Aux Pover % above)

H 356
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Table 5, Example of a Complete Cost Estimate for a Hydrated Lime DSI System with an

ESP

Variable Deslignation Units. Value [ on
Unit Size (Gross} A {hy - 500 <—User Inpart
Relroht Factor [ i <— User Input {An "average® retrofit has a facior = 1.01
Gross Heat Rats - {Bux\Why - 9500 =— User lnput N -
|80z Rate ) (kAN Bt} 3 |- Usermpa
Fype of Coal E Bt wi|s—User Input
Particulate Capture _ F Lo _ | ¥ i Usar Inmat . - L
Zorbent “a [rrketan) Lare ¥ { <o Lser Inprt -7
- - Kaximum Removal Targeis: - o . -
Unmiled Trona with an ESP= 05% ) - )
. hilled Trona with an ESP = 80%
Remneval Target H {34} 30 ', $Unmilléd Trona with an BGH = 80%
Milled Trena with an BGH = 80% .
_ - ' " [Hyceztad Lims with an E5F = 30% - . -
|Hrorat=d Lima with & BGH = 503
- Heai Input Af iBluhr} - 479409 A'CH1Do0 - - - i,
. - - ) Unmilied Trona with ap ESP = if {(H<60,0 D3E0"H, D, 352e0,0246 1)) T
- | Miilled Trona with an ESP = # [H<40.0,0270°H,0.353240.0280'H))
- _ Unipilied Trona with a BGH = if (Hx40,0.02156°H.0.285:M0.0267°H)) _
i HIR K 180 |afited Trona with 3 BOH = if (H<40,0.0180'H.0 20945028 L HY) _ -
- Hydratzd Lme with an E2P = 0604 H D, 3W06 .
Hydratzd Lise with 3 BGR = 0.0087'H+0.8505
R - : rona = {12011 1 AADEICAG'D i
Zgbant Fead Rate Al {tonhr) 10.85 Wydratad Lime = {80055 x 19°D7P1CA'C'D
Med or Unmited Trona with an ESP = 80.62°H'0.1021, or 0202102 Bu
i st MO " v s - Pilled or Unmitad Trens with a 834 =34.628°H"0.0248 or 0.C02 IrMBlu
stimated ROl Remeva; S b ycratad Limes with an E58 = 53.82°H0, 107 or 0.002 I6iMBlu
Hydratzd iz \\{ilh 3 BGH =0.0025'H+82.12 or 2 002 ‘MEty
Trona = (0,7387 + 000 185 HIK)'M
ISorhent Wasts Rats H (tonvitir) 12.18 Lira: 02+ DOO7T7 R R
e preduct 2djusted for a magmum inen contant of 3% for Trana and 2% for Hydrated Lime.,
{A'C) Ash in Goal'(1-Boiter Ash Removall{Z* HHV)
-ty Ash Wasta Rate P b 073 Fof Bituminous Coal: Ash in Coal = 0.12; Boder Ash Remaval = (1.2; HHV = 1100
inchida in voMm? <] (forvhr} - For FRBE Coat: Ash in Coal = D.08; Boiler Ash Remaval = 8.2 HHY = B40D
' Fof Lignite Coat Ashin Coal = 0.08; Boiler Ash Removal
Q [£5] 0.53 - f=if MTled Trona M*20IA alse M 1BA
{Siten) 150 <— User nput (Trona = 5170, Hydraled Lime = §1£0)
50 «— Usar Input (Disposal cast with fiy ash = 550, Withaut Ay ash, the sorbant waste aicre
& -(5hon} wil be mora dificuh to dispose = $100) -
T {&Wih) 0.08 “—User nput
u (&) 60 < User input (Labor cost induding alf hensfits)

7 Costs are all based on 2016 dollars

Capital Cost Calculation

Includes - Equipmant, installation, buildings, foundations, electrical, and ratrofi difficulty

BMB)=  jited Trona il (M>25 then {820,000°8'M) else 8,200,000°B* [(h"0.284}

BA (5K =

Total Projeot Coxnt
A1 = 163 of BM
- AZ = 5% of BM
AZ = 5% of BM -

CECC {§) - Excludes Ownar's Costs = BMFAIHARHAS
CECC {$MW] - Excludes Cwner's Costs =

81 =5% ol CECC

TPG' {§} - Includes Dwmer's Costs = CECC + B
TPC' ($59] - Includes Ovmer's Cosls =

B2 = 0% of (CECC + B1}

TPG {§) = CECG + 81+ B2
TPC ($1W) =
Fixed O4M Cost
FOMO (S5 yr)= (2 atdiional operator) 2080"UN A" 1000}

. FOMM (S4 yr) = BM'ILO1/(B A" 1000)
FOMA (/AW y1} = D.03"(FOMCH+0.A"FOMM)

FOM {$/kW yr) = FOMO + FOMM + FOMA

Variabla O&M Cost
VONR (SADND]} = MRIA

VORTY {SIWn) = (N+PYSIA
VOMP (3/MWe) =0"T" 10

VOM {$IMWh) = VOMR 4 YOMW + YOMP
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Unmitted Trona or Hydrated Lms if (34>25 thep (745.000'B'M) el=2 7,600 000 B" (L0 225}

Example Comments
Baszz moduie for unmiled sorbentinghu 3t eguipment from unleacirg
s 14,762,000 to injaction, including dehumificaton systam
o Base module tost psr kW
3 1 476,000 Engineadng and Construstion Managemen! cozts PR
5 738,000 £abor adjustment for & x 10 hour shift premium, per diem, etc...
3 738,000 Contracior profit and fees- . - .
H 17,714,000 Capital. engiheering and constreeton cost subnotat
a5 Capital, enginzeting and construction cost sublotal par kW
Owners £bsts induding all "homa office” costs [pwners enginearing,
880.c00 ;o
management, and grocurement activities)
$ 18,500,000  Tolal projact cost without AFUSG N
a1 “Total project cost per kW without AFUDC *
5 - AFUDLC (Zem foriess than | year engineering and construation cyele)
18,600,000  Total projact cost
a7 Total projact cost par k¥
s D50 Fixed D&M adcitonal operating dsbor costs
.8 a3n Fised Q&M additional maintenance matenal and labor casts
K 002 Fixed Q&M additional admivistrative labor costs
H o8l “Totat Fized Q&M costs
5 320 Variable OEM costs for sorbant
M 350 Variable Q&M costs far waste disposal that includes both tha sarbant
- ard the fiy ash waste nol removad pricr ta the sorbent injection
5 n2a Varable Q&M oosts for additional auxilary pover required
- (Refer to Aux Power % abaue)
3 678
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DSI Cost Methodology

) Table 6. Example of a Complete Cost Estimate for a Hydrated Lime DSI System with a

Baghouse

Units

C B M

Variabla ~ Designation Yalue |
{nit Size (Gross} A (MW 500 <—User nput . -
Retroftt Factor H 1 <—Usar Input (An “avetage reyoft has a factor = 1 n)
Gross Heal Rt [+ {BuykWhy - 9500 "t Liser lnput -
803 Rata =] {Ih/A5MBM) F <— User Inpant
- } ~ [Fype of Coal g . Hurs <. User input -
Particulate Capture F _ [ neype {«—Userinput - ]
Sorkant - G T | e r | < User'Input ’ N
- B - . Kraimum Ravneval ?.yge&
Unmifled Trona with an ESP = 85%
- . . Mited Trana with an ESP = BO%,
Removat Target H (%) & Unumillad Trona wih an BGH = 20% ~
o Liitad Trona with 3n BGH = 80%
- d Lin> with zn 5P = 20%
. . - Lirr2 with-3 BGH = 503
_ N . [Heatinput J (Btunr} 475E1DG AT 100G ' o
T - R . inmiBed Trona with an ESP = it (He40,0.0360°H, 1.352e40.034E°HY) N T
- < - . . MiZlad Trona with an ESP = i (H<40,0.0370'H,0.353</{D.02B6"H))
- - NER K _ 1 [10‘ = If (He40.0.0215°H,0.26524{0.0287'H)) "
- 2 Milled Trafa with-3 BGH = if (M<40,0.0160H.0.208eC.0281 'H)}
~ Hydrated Lire with 2n 23P = 0.0V K 0.3E06
- - Hydrsiad Line with 3 BGH = 0.0087 H+0.8505
. - i I Frona = {1,201 x 1W0AD8)"KA'C'D . - i
Sohent Fead Rate M fonhs) a8 sysrated Lima = [0.0055 % 10M7) K A'C'D
MTed or Unmilzd Trona with an ESP = 80.85"H 1051, or (002 vh!8tu
st 1 e e pal v 2 o Mted e Unmited Trora with a BGH =84 508' H"0.0240 or 0002 Ib/VE
Estmated HEI Remoyvat %) ¥ Hydrsted Line with 3n ESP = 54.82'H40. 197 er 0002 i0HBlu
- Hygralag Uiz with a BBH = 0 G085'HIBA.12 or D002 kBt
Truna (0.7337 + O.0E5"HK) "M
Sorbent Wasts Rate H {torvhr) a4+ LED+ DRD7TIT HE M
! preduet sdjusted fer 2 maxmum inet content of £% for Trona and 2% for Hydratsd B,
(ATCIAsh in Goar [ 1-Borer Ash Removaly(2' HHV)
Fly Ash Wasta Rale For Bitumninous Goal: Ash in Coal =8.12; Boiter Ash Removaf = 0.2; HHV = 11000
P ftonhry 033 - - . Ll =
Inciudz in VOM? i) For PRAB Coak Ash in Coal = .08; Biler Ash Remaval = G.2; HAHV = 8400
For Lignte Coak Ashin Coal = 8.08: Boiter Ash Removal
- [Aux Power Q (%) 022 = Milled Trons M 2024 efs= M BA
[ {Sien) [13] <— Userlnput (Traea = $T70, Hydrsted Uime = 5120}
8 < Ussrlnput (Dispasal costwith fiy ash = 550, Without fiy ash, the sorbart wast= alone
2 {Sfion) o wili bz maore dificult to dispose = $100)
T (SHW7h) 0.08 <— UsarIngit
Qparaing Labar Rate [ (3} [E] < UsarlnEl (Lizbw o=t including a8 beneﬁtﬁl
Costs are all based on 2016 dollars
Capitat Cost Calzulation Eiample Comments
tacludes - Equip L Eaticn, buldings. 6. eledtrical, and retrofit difficadty .
B {Si= Unmiled Trona o Hydrated Lime if (M>25 then (745,000°8°M) elsa 7.600,000° B’ {h~1.284) 5 12,698,000 Baze meodule for unmited sorkban < a1 szuipmens from unlesdirg -
c- &= Miled Trona 7 (M>26 then {820.000'8°M) e'se 8.200.000" B (M 0.284) M _' o injaction. including debumifics 2 )
- . BM {SJKW) = © 28 Bas= modula cosl par kKW
Totil Project Cost .. .
.o h T A= 10N elBM - - T 1250000 Engineering and Conslnuction Managsment costs -
- ' . . AT=5%olBM 5 820,000 Laber adustmant for & x 10 hour shift premiumm, par diem, eic..
- A3 =8% of BM s 529,000 Contractor profit and feas
CECC ($} - Excludes Owner's Cosls = BMEATHAZIAL ¥ 16,105,080 Capital. enginzering and construction cost sutiotal
- CECC [$MW) - Excludes Owner's Costs =" EL) . Capltal. epgineering and construction cost subtotal par ke
- Ownars casts incleding all home office” costs {pwners enginesfing, -
Bt=5% of CECC $ 785,000 management, and procurement acivitias)
TPC' (§} - Includes Owner's Costs = CEGC + B _ 5 16,860,000 Tota! project comt without AFULDG
TPC' (WKW - Includas Ownar's Cosls = - a2 Fo! projact cost per kW without AFUDC
B2 =0% of (CECC + B} L - AFURC (Zero for less han | year engineering and construction sycle)
_ TPC {$§} = CECC + B1 + B2 1 15,860,000 - Total project cost
_ TPC {$/HW) = 32 Tota! project cost per k'
Fixed O&M Cost )
FOMO (SIkW yr) = (2 addfanal apsrsion) 2080"UNA 1600) L] 0.50 Fixed Q&M addifional oparating labor casts
- FOMM (S yr} = BM'O.0 148 AT 1000) - 5 025 . Fixad OBM addifonal maivanance matenal and bor costs .
FOMA ($4AW yr} = 0.03'{FOMO+0.4'FOMM} 5 b.el Fixed Q&M sddiional administrstive labar costs
FOM ¢$7kW y1) = FOMO + FOMM + FOMA 35 [ g Total Fized Q&K costs.
Variable OZM Cost
VOMR (3MWh} = MTRIA M 1.88 Varablz D&M eosts far sorbent
- . Varable O8M cosls for waste deposal that includes hoth the zorbant
VOMW (5iMWh) = (M) 54 8 281 and the fiy ash wasts nol remeved prior to the sorbenl injection
. Variabla O&K! costs far addiional auuiliary paves eguimed
tP (3] = 5 Al
VOMP (S(hiWh <G'T™10 B3 {Refar o Aux Pewer % abaove)
VO tebiving = YOME + YOMW + VOMF 4 491
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