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• Additional advanced solvent campaign complete
• Intensified process modification design and construction complete
• Commissioning and startup complete
• Initial evaluation on modified process complete

Team Members

Federal – $16,291,967
Cost Share – $5,932,902

Current Accomplishments

Funding



NETL CO2 Capture Technology Project Review Meeting August 26-30, 2019

BP1:  October 1, 2011 to January 31, 2013 (16 months)
BP2:  February 1, 2013 to August 31, 2013 (7 months)
BP3:  September 1, 2013 to March 31, 2015 (19 months)
BP4:  April 1, 2015 to March 31, 2020 (60 months)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

BP1 BP2 BP3 BP4
BP4 Added Scope

Added Scope: 
• Testing of additional advanced solvents
• Process modification to include pre-concentrating membrane and 

solid-assisted water washing 

Modification Construction

Project Performance Dates
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UK Blend Solvent Campaign: June to November 2018 
Construction: February 2018 to May 2019
Commissioning: June 2019
Membrane and Water Wash Preliminary Evaluation: Since July 2019

Q4 2018 Q1 2019 Q2 2019 Q3 2019

AS 2 Campaign
Commissioning

Modification Construction

Modification Evaluation

BP4 Milestones
Documented delivery of equipment onto 

plant site according to design and 
construction specifications – 4/30/2019
Certification that the completed process 

modification system meets the design 
performance specifications – 7/16/2019

BP4 Success Criteria
Advanced solvent campaign and 

degradation study – 12/31/2018
Fabrication of process modification 

equipment complete – 1/4/2019
Modified pilot unit commissioning 

complete – 7/16/2019
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• 0.7 MWe advanced post-combustion
CO2 capture small pilot 

• Modular design 
• Installed at Kentucky Utilities E.W. Brown

Generating Station in Harrodsburg, KY,
approximately 30 miles from UKy-CAER

• Includes several UKy-CAER developed 
technologies

• Over 4500 hours of operation
• Five solvents tested: 30 wt% MEA baseline, 

H3-1, AS 1, 6M MEA, AS 2
• Installation of process modification including a 

CO2 preconcentrating membrane and water 
wash system

Lexington 
Harrodsburg

Project Overview
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UKy-CAER Advanced CO2 Capture Technology

Motivation
• Reduced energy penalty and costs
• Utilization of low grade heat via 

internal heat pump
• Secondary air stripper
• Liquid desiccant for cooling 

tower
• Near-zero makeup water for amine 

loop to save operation costs
• Advanced Solvents

UKy-CAER 
CO2 Capture 
Technology

Two-
Stage 

Stripping

Integrated 
Cooling 
Tower

Advanced 
Solvent
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Performance Metrics Obtained

Mass Transfer Intensification: increase in absorption rate, 5-11% increase 
in rich loading, absorber with 40 ft packing with near equilibrium loading 
achievable
Two-Stage Solvent Regeneration: leading to 8% less energy compared to 

conventional with >10% of regeneration in secondary air stripper 
demonstrated, 15-17% vol% CO2 at absorber inlet due to recycling
Robust Process Performance proven for various solvents: ≥80% trouble 

free startups, capable of both daily startups and shutdowns and 24/7 
operations
Process Stability: Generally ≤5% variation of key process parameters
Solvent Quality: Low makeup rate required due to low primary stripper 

bottom T <245 ºF and negligible effect of secondary stripper on solvent 
degradation
Amine Loop Water Makeup: No DI water system needed with the 

application of water evaporator for air stripper
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Costs of UKy-CAER CCS
Plant Efficiency (HHV basis) of 34.0%, a 5% increase compared to

RC B12B  
Capital Cost of $61.90/MWh, a 14% reduction compared to RC B12B 
Cost of Electricity of $117/MWh, a 12% reduction compared to RC B12B
CO2 Capture Cost of $41.40/tonne CO2, excluding T&S, a 29% reduction 

compared to RC B12B

RC B12B
UKy-CAER 

CCS
Percent 

Difference 
Net Power, Mwe 550 550 0%
Total Plant Cost (2011 $/kW) 3524 2977 -16%
Total Overnight Cost (2011$/kW) 4333 3660 -16%
Total As-Spent Cost (2011$/kW) 4940 4173 -16%
Cost of Electricity ($/MWh, 2011$) 133.2 116.9 -12%
     CO2 T&S Costs 9.6 8.3 -13%
     Fuel Costs 30.9 29.5 -5%
     Variable Costs 12.3 12.4 1%
     Fixed Costs 15.4 13.0 -16%
     Capital Costs 72.2 61.9 -14%
Cost of CO2 Captured ($/tonne CO2) 58.2 41.4 -29%


EPRI Scaling Calc to 550 MWe

				Cooling water properties						Notes

				CW Delta H		0.0001646926		MMBtu/gallon



				Illinois No. 6 Analysis

				Ultimate analysis		As received		Dry

				Moisture		11.12		0

				Carbon		63.75		71.72

				Hydrogen		4.5		5.06

				Nitrogen		1.25		1.41

				Chlorine		0.29		0.33

				Sulfur		2.51		2.82

				Ash		9.7		10.91

				Oxygen		6.88		7.75

				Total		100		100

				Coal HHV		11,666		Btu/lb



				Species		MW

				S		32.0675

				CaSO4		136.141

				Data at 576 MWe																																										Design		2400

				Coal feed rate		495,578		lb/hr																																						Actual		2178

				Gross turbine output		662,477		kW																																								0.1019283747

				Gross heat rate		8,727		Btu/kWh

				Net electrical output		575,813		kWe

				Net heat rate		10,040		Btu/kWh																																						B12A

				Adjusted performance																																										HHV		4609		MMBtu/hr

				Target net output		550,000		kWe																																						Power in		101		MMBtu/hr		29,600		kW

				HHV input		5,522		MMBtu/hr		Assuming constant net heat rate with the 576 MW case																																				Power out		1978		MMBtu/hr		579,695		kW

				Coal feed rate		473,362		lb/hr		Implied by HHV and computed HHV input																																				Net		1877				550094.397347222

				Relative change		-4.5%				Relative change in coal feed due to downscale to 550 MWe

				New gross turbine output		632,779		kW		Assuming constant gross turbine heat rate with 576 MWe case

																																														B12B

				Carbon content of coal		63.75%		wt%																																						HHV		5781		MMBtu/hr

				CO2 generated		1,105,813		lb/hr																																						Power in		311		MMBtu/hr		91,145		kW

				CO2 captured		1,011,577		lb/hr																																						Power out		2189		MMBtu/hr		641,533		kW

																																																1878				550387.468416667

				B12B data

				Carbon in CO2 captured		288,984		lb/hr																																						Condesner		1770		MMBtu/hr

				Carbon in coal		315,905		lb/hr																																						Non condenser CT		100		MMBtu/hr

				Capture ratio		91.48%				This is higher than 90% due to the definition of capture rate in BBS that counts carbon coming in from limestone, etc.																																				CO2 Capture		1868		MMBtu/hr

																																																3738		MMBtu/hr

				Relative flue gas flow rate		95.5%				Assuming direct proportionality to coal feed rate																																						4111.8

				Reboiler duty @ 2.1 GJ/t		267,662		kWth

				Reboiler duty @ 2.1 GJ/t		913.3		MMBtu/hr

				per reboiler		456.6		MMBtu/hr

				Relative to 2016 result		74.9%

				Sorbent and sulfur calculations

				B12B limestone		48,970		lb/hr

				B12B limestone to sulfur		3.94		lb/lb

				Sulfur FGD capture fraction		96.6%

				Scaled sulfur in from fuel		11,881		lb/hr

				Gypsum produced		50,442		lb/hr

				Heat balance and cooling required

				576 MW HHV in		5,781		MMBtu/hr

				CAER 576 MW condenser duty		1,916		MMBtu/hr

				550 MWe scaled heat flows

				HHV in 		5,522		MMBtu/hr		This is a very simplified way to get the estimated cooling duty. The actual heat balance should be used when modeled.

				Condenser duty		-1,830		MMBtu/hr		Scaled from 576 MWe case

				Small cooling duty		-100		MMBtu/hr		Taken directly from B12B case estimate

				Net electricity out		-1,877		MMBtu/hr

				Net heat to be dissipated		1,715		MMBtu/hr		Assume this gets added to cooling duty

				Total cooling duty		3,646		MMBtu/hr

				CW circulation rate		368,926		gpm





EPRI Scaling Parameter Values

		Scaling parameters		UOM		550MW CAER Value

Joseph Swisher: Joseph Swisher:
Values in this column can come from the calculations on other sheets or just from scaling between the B12B and the New CAER values		B12B value

		Coal Feed Rate		lb/hr		473,362		495,578

		Limestone Feed Rate		lb/hr		46,775		48,970

		Coal and Limestone Feed Rate		lb/hr		520,137		544,548

		HP BFW Flow Rate		lb/hr		4,218,586		4,416,576

		Raw Water Makeup		gpm		7,688		7,882

		Total fuel feed		lb/hr		473,362		495,578

		Water to Treatment		gpm		1,768		1,813

		BEC minus accounts 13 and 14		kUSD		1,283,792		1,424,351

		Baghouse Flow		acfm		1,708,563		1,788,750

		Gypsum Flow		lb/hr		48,741		51,028

		CO2 Flowrate/Inlet to Absorber		(lb/hr)/acfm		0.79		0.79

		CO2 Captured		lb/hr		1,011,577		1,059,192

		Stack Flow		acfm		1,073,454		1,123,834

		Turbine Capacity		kWe		632,779		662,477

		Condenser Duty		MMBtu/hr		1830		1,770

		Cooling Tower Duty		MMBtu/hr		3,646		3,738

		Circulating Water Flow Rate		gpm		368,970		378,280

		Total Ash Flow		lb/hr		55,716		58,331

		Auxiliary Load		kWe		82,595		91,285

		STG Rating		MVA		720		750





EPRI Auxiliaries

				Equipment		Reference parameter		Parameter Value		B12B Load		CAER Load at 576 MWe		New parameter value		Scaled CAER's values

				Coal Handling & Conveying		coal feed rate		495,578		480		480		473,362		458

				Pulverizers		coal feed rate		495,578		3,370		3,370		473,362		3,219

				Sorbent Handling & Reagent Preparation		coal feed rate		495,578		1,070		1,070		473,362		1,022

				Ash Handling		coal feed rate		495,578		780		780		473,362		745

				Primary Air Fans		coal feed rate		495,578		1,670		1,670		473,362		1,595

				Forced Draft Fans		coal feed rate		495,578		2,130		2,130		473,362		2,035		This changes because of the air stripping, right?

				Induced Draft Fans		coal feed rate		495,578		8,350		8,350		473,362		7,976		This changes because of the air stripping, right?

				SCR		coal feed rate		495,578		60		60		473,362		57

				Activated Carbon Injection (kW)		coal feed rate		495,578		27		27		473,362		26

				Dry Sorbent Injection (kW)		coal feed rate		495,578		108		108		473,362		103

				Baghouse		coal feed rate		495,578		110		110		473,362		105

				Wet FGD		coal feed rate		495,578		3,550		3,550		473,362		3,391		does the air stripping have any effect on this?

				CO2 Capture System Auxiliaries		captured CO2 flow rate		1,059,192		16,000		11,378		1,011,577		10,867		Don't we have a ground up estimate from CAER's model?

				CO2 Compression		captured CO2 flow rate		1,059,192		35,690		35,690		1,011,577		34,086

				Miscellaneous Balance of Plant		coal feed rate		495,578		2,000		2,000		473,362		1,910

				Steam Turbine Auxiliaries		gross power		642,000		400		400		632,779		394

				Condensate Pumps		coal feed rate		495,578		640		640		473,362		611

				Circulating Water Pump		cooling duty		3,738		7,750		7,750		3,500		7,257

				Ground Water Pumps		cooling duty		3,738		710		710		3,546		674

				Cooling Tower Fans		cooling duty		3,738		4,010		4,010		3,646		3,911

				Transformer Losses		auxiliary load		88,905		2,380		2,380		80,442		2,153

										91,285		86,663				82,595

														Gross power		632,779

														Aux power + losses		82,595

														Net power		550,184



How did you calculate the new scaling parameter value for Circ Water Pump, Ground Water Pumps and Cooling Tower Fans? (Auxiliaries tab, Column G) 

I tried to estimate a total cooling duty by subtracting the net power output  from the HHV input. Whatever is left over needs to be dissipated either through the condenser or other part of the system, so  I took this as the total cooling duty (for scaling cooling tower loads). I simplified by ignoring the enthalpy in and out due to materials streams since these appear (from the Baseline reports) have a net enthalpy flow much smaller than the condenser duty. I then used the Cp of water and assuming NETL's 11 C range on cooling water, I computed a total circulating water flow rate. The ground water pumps were then scaled using this flow rate since I assumed the water withdrawal rate would itself be proportional to the circulating water flow rates. 




EPRI Cost Accounts

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)								Exponent		Parameter		Scale factor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		1.1		Coal Receive & Unload		$   4,601		$   - 0		$   2,073		$   6,674		$   667		$   - 0		$   1,101		$   8,443				1.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.2		Coal Stackout  Reclaim		$   5,946		$   - 0		$   1,329		$   7,275		$   728		$   - 0		$   1,200		$   9,203				1.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.3		Coal Conveyors		$   5,529		$   - 0		$   1,315		$   6,843		$   684		$   - 0		$   1,129		$   8,657				1.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.4		Other Coal Handling		$   1,446		$   - 0		$   304		$   1,751		$   175		$   - 0		$   289		$   2,215				1.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.5		Sorbent Receive & Unload		$   184		$   - 0		$   55		$   239		$   24		$   - 0		$   39		$   302				1.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.6		Sorbent Stackout  Reclaim		$   2,976		$   - 0		$   538		$   3,513		$   351		$   - 0		$   580		$   4,444				1.7		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.7		Sorbet Conveyors		$   1,062		$   231		$   257		$   1,549		$   155		$   - 0		$   256		$   1,960				1.8		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.8		Other Sorbent Handling		$   641		$   151		$   332		$   1,124		$   112		$   - 0		$   185		$   1,422				1.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		1.9		Coal & Sorbent Hnd Fountations		$   - 0		$   5,333		$   7,031		$   12,364		$   1,236		$   - 0		$   2,040		$   15,640				1.10		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   22,386		$   5,714		$   13,233		$   41,333		$   4,133		$   - 0		$   6,820		$   52,286														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		2.1		Coal Crushing & Drying		$   2,656		$   - 0		$   510		$   3,166		$   317		$   - 0		$   522		$   4,005				2.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		2.2		Coal Conveyor to Storage		$   6,799		$   - 0		$   1,464		$   8,263		$   826		$   - 0		$   1,363		$   10,453				2.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		2.5		Sorbent Prep Equipment		$   5,063		$   219		$   1,037		$   6,320		$   632		$   - 0		$   1,043		$   7,994				2.8		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		2.6		Sorbent Storage & Feed		$   610		$   - 0		$   230		$   840		$   84		$   - 0		$   139		$   1,063				2.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		2.9		Coal & Sorben Feed Foundaton		$   - 0		$   618		$   542		$   1,160		$   116		$   - 0		$   191		$   1,468				2.12		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   15,128		$   837		$   3,784		$   19,749		$   1,976		$   - 0		$   3,259		$   24,983														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		3.1		Feedwater System		$   25,158		$   - 0		$   8,112		$   33,270		$   3,327		$   - 0		$   5,489		$   42,086				3.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.2		Water Makeup & Pretreating		$   7,114		$   - 0		$   2,250		$   9,365		$   936		$   - 0		$   2,060		$   12,361				3.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.3		Other Feedwater Subsystems		$   7,914		$   - 0		$   3,249		$   11,163		$   1,116		$   - 0		$   1,842		$   14,121				3.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.4		Service Water Systems		$   1,425		$   - 0		$   746		$   2,170		$   217		$   - 0		$   477		$   2,865				3.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.5		Other Boiler Plant Systems		$   9,820		$   - 0		$   9,284		$   19,103		$   1,910		$   - 0		$   3,152		$   24,166				3.5		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.6		FO Supply Sys & Nat Gas		$   347		$   - 0		$   405		$   752		$   75		$   - 0		$   124		$   951				3.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.7		Waste Treatement Equipment		$   4,667		$   - 0		$   2,702		$   7,369		$   737		$   - 0		$   1,621		$   9,727				3.7		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		3.8		Misc Equip (Cranes, Air Comp Comm)		$   3,398		$   - 0		$   1,051		$   4,449		$   445		$   - 0		$   979		$   5,873				3.8		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   59,843		$   - 0		$   27,798		$   87,641		$   8,764		$   - 0		$   15,744		$   112,150														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		4.1		PC Boiler & Accessories *		$   211,004		$   - 0		$   120,229		$   331,234		$   33,123		$   - 0		$   36,436		$   400,793				4.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   211,004		$   - 0		$   120,229		$   331,234		$   33,123		$   - 0		$   36,436		$   400,793														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		5.1		Absorber Vessels & Accessories		$   79,487		$   - 0		$   16,995		$   96,482		$   9,648		$   - 0		$   10,613		$   116,743				5A.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		5.2		Other FGD		$   4,148		$   - 0		$   4,668		$   8,816		$   882		$   - 0		$   970		$   10,668				5A.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		5.3		Bag House & Accessories		$   22,779		$   - 0		$   14,358		$   37,137		$   3,714		$   - 0		$   4,085		$   44,936				5A.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		5.4		Other Particulate Removal Materials		$   1,542		$   - 0		$   1,638		$   3,180		$   318		$   - 0		$   350		$   3,848				5A.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		5.5		Gypsum Dewatering System		$   6,185		$   - 0		$   1,043		$   7,229		$   723		$   - 0		$   795		$   8,747				5A.5		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		5.6		Mercury Removal System		$   4,702		$   1,034		$   4,623		$   10,359		$   1,036		$   - 0		$   1,139		$   12,534				5A.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   118,843		$   1,034		$   43,325		$   163,202		$   16,320		$   - 0		$   17,952		$   197,475														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		5B.1		CO2 Removal System		$   167,289		$   61,389		$   131,144		$   359,822		$   31,060		$   62,120		$   80,756		$   533,757				5B.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!				$   180,048		$   15,542		$   31,084		$   40,409		$   267,082				0.9727800144

		5B.2		CO2 Compression & Drying		$   50,211		$   7,532		$   16,788		$   74,531		$   7,453		$   - 0		$   16,397		$   98,381				5B.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   217,500		$   68,921		$   147,932		$   434,353		$   38,513		$   62,120		$   97,152		$   632,139														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		7.3		Ductwork		$   11,042		$   - 0		$   6,970		$   18,013		$   1,801		$   - 0		$   2,972		$   22,786				7.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		7.4		Stack		$   9,983		$   - 0		$   5,801		$   15,784		$   1,578		$   - 0		$   1,736		$   19,099				7.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		7.9		Duct & Stack Foundations		$   - 0		$   1,088		$   1,292		$   2,380		$   238		$   - 0		$   524		$   3,142				7.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   21,025		$   1,088		$   14,064		$   36,177		$   3,618		$   - 0		$   5,232		$   45,027														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		8.1		Steam TG & Accessories		$   79,100		$   - 0		$   8,815		$   87,915		$   8,791		$   - 0		$   9,671		$   106,377				8.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		8.2		Turbine Plant Auxiliaries		$   450		$   - 0		$   958		$   1,408		$   141		$   - 0		$   155		$   1,704				8.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		8.3		Condenser & Auxiliaries		$   6,997		$   - 0		$   2,374		$   9,370		$   937		$   - 0		$   1,031		$   11,338				8.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		8.4		Steam Piping		$   30,410		$   - 0		$   12,325		$   42,735		$   4,273		$   - 0		$   7,051		$   54,060				8.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		8.9		TG Foundations		$   - 0		$   1,342		$   2,217		$   3,559		$   356		$   - 0		$   783		$   4,698				8.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   116,957		$   1,342		$   26,688		$   144,987		$   14,499		$   - 0		$   18,690		$   178,176														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		9.1		Cooling Towers		$   15,466		$   - 0		$   4,783		$   20,250		$   2,025		$   - 0		$   2,227		$   24,502				9.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		9.2		Circulating Water Pumps		$   3,102		$   - 0		$   228		$   3,330		$   333		$   - 0		$   366		$   4,030				9.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		9.3		Circulating Water System Auxiliaries		$   811		$   - 0		$   107		$   918		$   92		$   - 0		$   101		$   1,111				9.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		9.4		Circulating Water Piping		$   - 0		$   6,831		$   6,186		$   13,016		$   1,302		$   - 0		$   2,148		$   16,466				9.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		9.5		Make-up Water System		$   685		$   - 0		$   880		$   1,565		$   157		$   - 0		$   258		$   1,980				9.5		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		9.6		Component cooling Water System		$   661		$   - 0		$   507		$   1,168		$   117		$   - 0		$   193		$   1,478				9.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		9.9		Circulating Water Foundations & Structures		$   - 0		$   3,613		$   5,999		$   9,612		$   961		$   - 0		$   2,115		$   12,688				9.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   20,725		$   10,443		$   18,691		$   49,860		$   4,986		$   - 0		$   7,408		$   62,254														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		10.6		Ash Storage Silos		$   882		$   - 0		$   2,698		$   3,579		$   358		$   - 0		$   394		$   4,331				10.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		10.7		Ash Transport & Feed Equipment		$   5,856		$   - 0		$   5,806		$   11,662		$   1,166		$   - 0		$   1,283		$   14,111				10.7		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		10.9		Ash/Spent Sorbent Foundation		$   - 0		$   199		$   245		$   444		$   44		$   - 0		$   98		$   586				10.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   6,738		$   199		$   8,748		$   15,685		$   1,569		$   - 0		$   1,774		$   19,028														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		11.1		Generator Equipment		$   2,061		$   - 0		$   329		$   2,390		$   239		$   - 0		$   197		$   2,826				11.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.2		Station Service Equipment		$   5,290		$   - 0		$   1,773		$   7,063		$   706		$   - 0		$   583		$   8,352				11.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.3		Switchgear & Motor Control		$   6,072		$   - 0		$   1,055		$   7,126		$   713		$   - 0		$   784		$   8,623				11.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.4		Conduit & Cable Tray		$   - 0		$   4,164		$   13,452		$   17,616		$   1,762		$   - 0		$   2,907		$   22,284				11.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.5		Wire & Cable		$   - 0		$   7,928		$   14,171		$   22,100		$   2,210		$   - 0		$   3,646		$   27,956				11.5		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.6		Protective Equipment		$   306		$   - 0		$   1,063		$   1,370		$   137		$   - 0		$   151		$   1,658				11.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.7		Standby Equipment		$   1,571		$   - 0		$   37		$   1,608		$   161		$   - 0		$   177		$   1,945				11.7		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.8		Main Power Transformers		$   14,769		$   - 0		$   221		$   14,990		$   1,499		$   - 0		$   1,649		$   18,138				11.8		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		11.9		Electrical Foundations		$   - 0		$   385		$   980		$   1,365		$   136		$   - 0		$   300		$   1,802				11.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   30,069		$   12,477		$   33,082		$   75,628		$   7,563		$   - 0		$   10,394		$   93,584														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		12.6		Control Boards, Panels & Racks		$   611		$   373		$   - 0		$   984		$   98		$   49		$   170		$   1,301				12.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		12.7		Distributed Control Sys Equipment		$   6,164		$   1,099		$   - 0		$   7,263		$   726		$   363		$   835		$   9,188				12.7		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		12.8		Instrument Wiring & Tubing		$   3,717		$   6,763		$   - 0		$   10,480		$   1,048		$   524		$   1,808		$   13,860				12.8		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		12.9		Other I & C Equipment		$   1,742		$   4,033		$   - 0		$   5,775		$   577		$   289		$   664		$   7,305				12.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   12,233		$   12,268		$   - 0		$   24,502		$   2,448		$   1,225		$   3,477		$   31,654														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		13.1		Site Preparation		$   - 0		$   62		$   1,316		$   1,378		$   138		$   - 0		$   303		$   1,819				13.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		13.2		Site Improvements		$   - 0		$   2,053		$   2,713		$   4,766		$   477		$   - 0		$   1,049		$   6,291				13.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		13.3		Site Facilities		$   3,680		$   - 0		$   3,860		$   7,540		$   754		$   - 0		$   1,659		$   9,953				13.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   3,680		$   2,115		$   7,889		$   13,684		$   1,368		$   - 0		$   3,010		$   18,063														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		Case B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)														Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		14.1		Boiler Building		$   - 0		$   10,432		$   9,168		$   19,599		$   1,960		$   - 0		$   3,234		$   24,793				14.1		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.2		Turbine Building		$   - 0		$   15,048		$   14,015		$   29,063		$   2,906		$   - 0		$   4,795		$   36,765				14.2		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.3		Administration Building		$   - 0		$   762		$   806		$   1,568		$   157		$   - 0		$   259		$   1,984				14.3		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.4		Circulaiton Water Pumphouse		$   - 0		$   208		$   165		$   373		$   37		$   - 0		$   62		$   472				14.4		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.5		Water Treatment Buildings		$   - 0		$   887		$   808		$   1,696		$   170		$   - 0		$   280		$   2,145				14.5		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.6		Machine Shop		$   - 0		$   510		$   342		$   852		$   85		$   - 0		$   141		$   1,078				14.6		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.7		Warehouse		$   - 0		$   346		$   346		$   692		$   69		$   - 0		$   114		$   875				14.7		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.8		Other Building & Structures		$   - 0		$   282		$   240		$   523		$   52		$   - 0		$   86		$   661				14.8		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		14.9		Waste Treating Building & Structure		$   - 0		$   541		$   1,639		$   2,180		$   218		$   - 0		$   360		$   2,758				14.9		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				SUBTOTAL		$   - 0		$   29,016		$   27,530		$   56,547		$   5,655		$   - 0		$   9,330		$   71,531														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

				TOTAL		$   856,131		$   145,454		$   492,993		$   1,494,582		$   144,535		$   63,345		$   236,678		$   1,939,143														ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

												$   1,424,351																						ERROR:#REF!





EORI COE

				Economic parameters

				Capital charge factor		0.126

				Capacity factor		0.85

				Fuel cost		68.54		USD/st				TPC summary (in 1000s USD)

				T&S Costs		10		USD/t CO2				Account				550 MW		576 MW

												1		Coal & Sorbent Handling		$   50,810		$   52,339

				Plant performance results								2		Coal & Sorbent Prep & Feed		$   24,242		$   25,054

				Heat rate		10,040		Btu/kWh				3		Feedwater & Misc. Bop Systems		$   112,798		$   112,150

				CO2 captured		3,416,586		t/y				4		PC Boiler		$   388,308		$   400,794

				Electricity generated		4,096,668		MWh/y				5		Flue Gas Cleanup		$   190,974		$   201,235

				CO2 capture intensity		0.834		t CO2/MWh				5B		CO2 Removal & Compression		$   362,742		$   372,863

				CO2 emissions intensity		0.078		t CO2/MWh				7		Ducting & Stack		$   44,664		$   50,721

												8		Steam Turbine Generator		$   173,158		$   184,602

				B12B Ratios								9		Cooling Water System		$   61,210		$   48,286

				TOC/TPC		1.2295905975						10		Ash/Spent Sorbent Handling System		$   18,546		$   19,028

				Annual FOM/TPC		0.0325373363						11		Accessory Electric Plant		$   90,164		$   90,723

				Annual VOM/TPC		0.0311307423						12		Instrumentation & Control		$   31,244		$   33,046

												13		Improvements To Site		$   17,693		$   18,714

				Scaled capital costs								14		Buildings & Structures		$   70,751		$   74,103

				TPC 		$   1,637,302,091								Total		$   1,637,302		$   1,683,660

				Owner's costs		$   375,909,165

				TOC		$   2,013,211,256

				COE contributions		USD/MWh		% of total

				Capital		61.92		49%

				FOM		13.00		10%

				VOM		12.44		10%

				Fuel		29.48		24%

				CO2 T&S		8.34		7%

				Total		125.19

				CO2 Costs		USD/t CO2

				Captured (excl. T&S)		41.43

				Captured (incl. T&S)		51.43

				Avoided		61.60





Tables for Report and Narrative

				RC B12B		UKy-CAER CCS		Percent Difference 						POWER SUMMARY		Case B12B		UKy-CAER CCS		Percent Difference 

		Commercial Scale Plant Size (MW, net)		550		550		0%						Steam Turbine Power (Gross, kWe)		642,000		632,779		-1%

		Plant Efficiency, % (HHV basis)		32.5%		34.0%		5%						AUXILIARY LOAD SUMMARY, kWe

		 Total Plant Costs (x 1000 2011$)												Coal Handling & Conveying		480		458		-4%

		Item/Description												Pulverizers		3,370		3,219		-4%

		COAL & SORBENT HANDLING		$   52,286		$   50,809.97		-3%						Sorbent Handling & Reagent Preparation		1,070		1,022		-4%

		COAL & SORBENT PREP & FEED		$   24,983		$   24,242.45		-3%						Ash Handling		780		745		-4%

		FEEDWATER & MISC. BOP SYSTEMS		$   112,150		$   112,798.08		1%						Primary Air Fans		1,670		1,595		-4%

		PC BOILER		$   400,793		$   388,307.85		-3%						Forced Draft Fans		2,130		2,035		-4%

		FLUE GAS CLEANUP		$   197,475		$   190,973.96		-3%						Induced Draft Fans		8,350		7,976		-4%

		CO2 REMOVAL & COMPRESSION		$   632,139		$   362,742.00		-43%						SCR		60		57		-4%

		CO2 Removal System		$   533,757		$   267,082.00		-50%						Activated Carbon Injection (kW)		27		26		-4%

		CO2 Compression & Drying		$   98,381		$   95,659.00		-3%						Dry Sorbent Injection (kW)		108		103		-4%

		DUCTING & STACK		$   45,027		$   44,663.82		-1%						Baghouse		110		105		-4%

		STEAM TURBINE GENERATOR		$   178,176		$   173,157.69		-3%						Wet FGD		3,550		3,391		-4%

		COOLING WATER SYSTEM		$   62,254		$   61,209.66		-2%						CO2 Capture System Auxiliaries		16,000		10,867		-32%

		ASH/SPENT SORBENT HANDLING SYSTEM		$   19,028		$   18,545.50		-3%						CO2 Compression		35,690		34,086		-4%

		ACCESSORY ELECTRIC PLANT		$   93,584		$   90,163.63		-4%						Miscellaneous Balance of Plant2,3		2,000		1,910		-4%

		INSTRUMENTATION & CONTROL		$   31,654		$   31,244.04		-1%						Steam Turbine Auxiliaries		400		394		-1%

		IMPROVEMENTS TO SITE		$   18,063		$   17,692.51		-2%						Condensate Pumps		640		611		-4%

		BUILDINGS & STRUCTURES		$   71,531		$   70,750.91		-1%						Circulating Water Pump		7750		7,257		-6%

		TOTAL		$   1,939,143		$   1,637,302		-16%						Ground Water Pumps		710		674		-5%

		Cost of CO2 Captured, excluding Transportation & Storage (T&S)												Cooling Tower Fans		4010		3,911		-2%

				RC B12B		UKy-CAER CCS		Percent Difference 

		Net Power, Mwe		550		550		0%

		Total Plant Cost (2011 $/kW)		3524		ERROR:#REF!		ERROR:#REF!						Transformer Losses		2380		2,153		-10%

		Total Overnight Cost (2011$/kW)		4333		3660		-16%						TOTAL AUXILIARIES, kWe		91,000		82,595		-9%

		Total As-Spent Cost (2011$/kW)		4940		4173		-16%						NET POWER, kWe		550,000		550,000		0%

		Cost of Electricity ($/MWh, 2011$)		133.2		116.9		-12%						Net Plant Efficiency (HHV)		32.50%		33.97%		5%

		     CO2 T&S Costs		9.6		8.3		-13%						Net Plant Heat Rate (Btu/kWhr HHV)		10,508		10,040		-4%

		     Fuel Costs		30.9		29.5		-5%						Condenser Duty (MMBTU/hr)		1,770		1,830		3%

		     Variable Costs		12.3		12.4		1%						As-Received Coal Feed (lb/hr)		495,578		473,362		-4%

		     Fixed Costs		15.4		13.0		-16%						1.HHV of As-Received Illinois #6 coal is 11,666 Btu/lb (27,135 kJ/kg)

		     Capital Costs		72.2		61.9		-14%						2.Boiler feed pumps are turbine driven

		Cost of CO2 Captured ($/tonne CO2) 		58.2		41.4		-29%						3.Includes plant control systems, lighting, HVAC, and miscellaneous low-voltage loads

		Cost of CO2 Avoided ($/tonne CO2)		89.4		61.6		-31%





Dec 2018 Methodology Applied

		December 2018: Approach to Updating the UKy-CAER CCS Costs

		1		The most recent TEA of the Uky-CAER CCS conducted was in 2016, comparing to RC 12.

		2		This TEA included 1) two stage solvent regeneration, 2) pressurized primary stripper, 3) tall columns.

		3		This TEA did not include the 1) split rich feed to the primary stripper and 2) exergy loss minimization strategy

				3a		The split rich feed to the primary striper reduces the steam use and allows for a smaller column because two-phase flow is fed to the bottom of the column to provide additional carrier gas and a cooler rich flow is fed to the top of the column reducing the H2O/CO2 ratio in the stripper outlet.

				3b		In a conventional stripping process, the steam produced in the reboiler serves two purposes: A) a carrier gas to strip CO2 from the solvent, and B) an energy carrier to heat up the upper sections of the stripper to achieve a desirable temperature. During this process, significant exergy is lost. Secondarily, the rich solvent is fed into the stripper at ~220 F (212-230 °F), which is too high to effectively cool gas at the top of the stripper for internal heat recovery. So the split rich feed  configuration updates the lean/rich heat exchanger (L/R HXER)  so about half (40-50%) of the total rich flow is fed to the top of the stripper packing at a cooler temperature of about 170 °F (solvent and stripping dependent). This acts as a heat sink to condense water vapor and reduce the exit gas H2O/CO2 ratio. The remaining rich flow will be further heated past the vaporization point and a two-phase flow (5-6% vapor) is fed to the middle of stripper packing at a higher temperature of about 230 °F. The vapor acts as a second source of carrier gas for CO2 stripping. Combining solvent regeneration under pressure, UKy-CAER modelling results indicate the H2O/CO2 ratio in the stripper exhaust is significantly reduced (from conventional 0.8-1.0 to 0.3-0.4 at 45 psi stripper pressure), resulting in a steam consumption reduction of ~26%. 

				3c		Modeling results show that this feature, in combination with CO2 recycling, will result in a CCS reboiler specific energy of 900 BTU/lb (2.1GJ/tonne) CO2 captured for advanced solvents. 

				3d		The exergy loss minimization strategy is that steam that ie extract from the power plant steam cycle is desuperheated by heating a portion of the boiler feed water, reducing the exergy loss. 

		4		The December 2018 Cost Estimate is based on the 2016 TEA.

		5		Columns are assumed to be shorter, see tab named: Packing Height Compariso

		6		Shorter columns leads to lower pressure drop and lower blower and pump requirements. A scaling factor was also applied to these pieces of equipment. See tabs named: CCS Bare Erect Cost Estimate and CCS Capital Costs

		7		A solvent regeneration energy of 900 btu/lb CO2 captured is assumed, based on experimental results from the Uky-CAER 0.7 Mwe SP CCS

		8		The exergy loss minimization strateg is estimated in tabs named: Gross Power vs CO2 Cap Eff_RC12 and Gross Power vs CO2 Cap Eff_B12B

		9		When including 1) the split rich feed to the primary stripper, 2) exergy loss minimization strategy and 3) shorter columns, the costs compared to RC 12 are shown in the tab named: RC 12 and B12B Equip Compare

		10		See Tab named: RC 12 and B12B Equip Compare

				10a		RC 12 costs are in the first column and that is what the comparison is being made to, our costs as determined in the 2016 TEA, performed by EPRI and WP, are in the second column and our 2017 updated cost estimates are in the third column.  The RC 12 coal feed rate was kept constant in both the 2016 TEA and our 2017 updated estimates which means that the power production or the Plant Size and Plant Efficiency, shown in the first two rows changed by 16% because our CCS has lower auxiliary power requirements, uses less steam and desuperheats the extracted steam that we do use by heating a small portion of the main boiler feed water. 

				10b		The categories related to the coal feed are the same, because the coal feed rate is held constant.

				10c		Remember RC 12 uses MEA. The UKy-CAER CCS has a lower steam requirement for several reasons. Use of an advanced solvent, the higher inlet CO2 concentration to the absorber, the split rich feed to the primary stripper and the secondary air stripper returning an extra lean solvent back to the absorber all work to maximize the solvent cyclic capacity and minimize steam usage. The lower steam requirement for solvent regeneration results I smaller boiler feedwater heaters and the cost of that is reflected here in Category 3. 

				10d		Because of the CO2-laden air recycle from the secondary air stripper, the total volume of flue gas increases by ~3% and the down stream clean up costs are higher. 

				10e		The cost of the CO2 removal system is much lower than RC 12 because the higher solvent cyclic capacity, for the reasons I just listed in blue, minimize the solvent circulation rate. That means smaller pumps and piping. 

				10f		The CO2 compression costs are lower compared to RC 12 because we have pressurized solvent regeneration.

				10g		The ducting costs are higher because we have route the CO2-laden air from the secondary air stripper outlet back to the boiler.

				10h		The steam turbine generator costs are higher because we generate more power than the RC.

				10i		Because of our heat integration, much less heat is rejected in the cooling tower, so the cooling tower costs are lower and the auxiliary electricity consumption is also lower, primarily because of a smaller cooling tower fan, but also smaller CCS pumps and blowers. 

				10j		The last 3 categories are all higher because our CCS does have more equipment, requiring more instrumentation and controls and a larger footprint.

		11		See Tab named: Column Heights

				11a		Since 2016 we know that we can use smaller columns. Statistical analysis of our SP CCS data – that we have already presented at a CMRG review meeting and at a DOE CCS technology review meeting, show that we approach equilibrium loading in our absorber with 40 feet of packing.

				11b		So we assumed a conservative 35% reduction in column packing heights when we updated our cost estimate in 2017.

				11c		From 118 to 60 feet in the absorber. From 95 to 45 feet in the primary stripper. And so on. 

				11d		Also shown in this table are the column packing heights of two other commercial CCS plants for comparison. The CCSL 170 TPD plant in India and the HCERI plant in China each have similar or smaller packing heights.

				11e		reduced column height also results in lower pressure drop, small blower requirements, and smaller pump hydraulic head requirements. 

		12		We applied simple scaling factors to the columns and the associated blowers and pumps to estimate the equipment costs. See the tab named: CCS Bare Erect Cost Estimate

		13		See Tab named: CCS Capital Costs

				13a		these are the costs that WP supplied to us when the 2016 TEA was performed

				13b		And these costs were obtained using the large packing heights I just showed, but we now know, based on our SP experimental data that this is not necessary

				13c		Also here are the 2017 updated CCS equipment costs – reduced for smaller columns along with the reduction factor applied. This saves $80M just in bare erect costs, which is equipment, materials and labor costs

				13d		Note that the UKy-CAER additional equipment: the secondary stripper, the extra blower, pump and condenser, are only 20% of the total CCS Bare Erect Cost, which is ~$37M. Not a trivial amount, but well worth the extra capital cost when overall performance is considered

		14		This Cost Estimate also adjusts the comparison to RC B12B. See Tab named: RC Comparisons

				14a		RC B12B includes 1) increased boiler efficiency by 1%; 2) additional Nox and Hg controls; 3) CCS changed from Fluor Econamine process to the Shell Cansolv process, see tabl named: RC Comparisons

				14b		The improved boiler efficiency from RC 12 to RC B12B results in a decreased coal feeding rate by more thatn 70,000 lb/hr, see tab named: RC Comparisons

				14c		Power consumption related to coal handling has decreased from between 6 and 14%. Along with the fan power and water pump power which has reductions from 7 to 23%. And the power consumption related to CO2 Capture and Compression has decreased by about 20%. It is publically known that cansolv regenerates at higher P which is why the compression power consumption is significant reduced.


				14d		These changes are reflected in the equipment costs, see the tab named: RC 12 and B12B Equip Compare

				14e		The higher boiler efficiency, means a lower coal feed rate, as I’ve already covered, and of course, lower costs in the categories related to coal handling, just as there is lower power consumption in these categories. 

				14f		Specifically note that the PC Boiler Costs have decrease by 8% due to this lower coal feed rate. We use this factor later when updating our own CCS cost estimate.

				14g		a few categories have higher costs – the Generator, Ash and Spent Sorbent Handling System and the Instrumentation and Controls. 

				14h		the flue gas cleanup costs have also increased. There are additional NOx and Hg controls in B12B and the CCS costs are higher.

				14i		Compared to MEA, the kinetics of the cansolv solvent are slower but of course the energy of regeneration is lower. So, to maintain the same capture, the equipment sizes have increased and that is reflected here in higher equipment costs. Again – this is public domain information.

				14j		On the last slide we saw a 23% energy reduction on CO2 compression and here we see higher capital costs. We don’t know, but we’re guessing there might be a  new quotation received and incorporated here and we took this higher equipment cost into consideration when we updated our cost estimates. 

		15		RC B12B Shell Cansolv process includes 1) an advanced solvent, with lower regeneration energy; 2) similar flue gas pretreatment; 3) absorber intercooler; 4) amine purificaiton technology

		16		 See Tab named: RC 12 and B12B Equip Compare

				16a		As before we keep the coal rate constant, so the power production or the Plant Size and Pant Efficiency, shown in the first two rows change because our CCS uses less auxiliary power and desuperheats the extracted steam used for solvent regeneration. 

				16b		In RC B12B an advanced solvent is used and the regeneration energy is closer to our value. So the changes are only 5% rather than 16.

				16c		Looking at the Equipment Cost categories

				16d		For categories related to the coal feed we applied the same scaling factor from RC 12 to RC B12B. This takes the lower coal feed rate into account. See Tab named:  Total Plant Cost Details

				16e		when comparing to RC 12, we saw a cost savings in Category 3, which we are assuming no longer exists because of the similar solvent regeneration energies and similar steam extraction rates.

				16f		And like before, our Flue Gas Cleanup cost is higher, because we still have the CO2-laden air from the secondary stripper recycled back to the boiler, increasing the total flue gas volume that needs to be treated

				16g		Our Ducting Cost is higher because we need another duct to take the CO2-laden air back to the boiler.

				16h		Our Ducting Cost is higher because we need another duct to take the CO2-laden air back to the boiler.

				16i		And lower cooling water and accessory electric costs, again – because of our heat recovery and utilization

				16j		And higher costs associated with the greater amount of CCS equipment and larger footprint.

				16k		take a closer look at category 5B, the CO2 removal costs. To understand this big difference we need dig deeper, see Tab named Total Plant Cost Details

						16k1		Note that the B12B CO2 Removal System Costs increased by ~28$M from RC 12. And our CO2 Removal System Costs are smaller because still we apply the same sizing factors as we applied when comparing to RC12.  

						16k2		Additionally, to accommodate for the lower coal feed rate between RC 12 and RC B12B, we also applied the same 8% reduction as seen in the to RC B12B Boiler & Accessory Category, that I pointed out in the beginning

		17		See Tab named: RC Comparisons, Power Summary

				17a		to explain how the UKy-CAER CCS has the additional 26 MW of net power

				17b		In the first row is the Steam Turbine Power  and we see an increase in this category from the steam extraction exergy loss minimization technique. And this value was obtained with our own Aspen Model of just the Power Generation and steam. See Tab named: Gross Power vs CO2 Cap Eff_B12B

				17c		Then going through the auxiliary loads, you’ll see that we’re assuming the same values in all categories except the CCS. The reduction here is from the smaller blowers and pumps resulting from the smaller columns

				17d		So the total auxiliary load is less by the same amount as the CCS auxiliary load.

				17e		And the Net Power is higher combining the higher Steam Turbine Power and the lower Auxiliary Load.

				17f		And, of course this means the Net Plant Efficiency is a bit higher in the UKy-CAER CCS case

		18		See Tab named: Cost Summary

				18a		And finally, the updated costs compared to RC B12B are shown here.

				18b		With a COE, excluding T&S of ~$115/MWh and a cost of CO2 captured of $39/tonne. This is a 13% reduction from RC B12B.







		10		Total Plant Costs are estimated in tab named: Total Plant Cost Details

				June 2011$ basis is used throughout

		Explanation of Updated Costs

		1		Column Heights		Reduced absorber packing height to 70 ft, applied same scaling factor to all column packing heights, overall heights and pressure drops

		2		Column Heights		Reduced blower size and power by same percent

		3		Net Plant Output		increased by 6 MW due to extra power generated by flowing the cross-over stream to No. #6 (??) Feedwater heater.  Dr. Fan did the simulation a couple years ago, the extra electricity is 11MWe for MEA case.  For our system, the extra power can be estimated at 6-7MWe due to less stream extraction is required

		4		Bare Erect Cost for CO2 Capture System		reducing column heights by 41%, reducing blower cost by 41% for lower pressure drop

		5		Total BEC		same BEC with reduced CO2 capture system BEC

		6		Total Plant Cost ($)		Total Plant Cost = (Bare Erected Cost) + (Eng'g CM H.O. & Fee) + (Process Contingencies) + (Project Contingencies)

		7		Total Plant Cost ($/MW)		Total Plant Cost/Plant Net Size

		8		Owers Cost		23.5% of TPC		p.14 of 2011 Power Plant Cost Estimattion Methodology Quality Guildelines for Energy System Studies, Owner's Costs are estimated based on TPC, Used same percent as EPRI's UKy-CAER Advanced Solvent Case

		9		Total As Spent Capital		0.000228% of TOC		Used same percent as EPRI's UKy-CAER Advanced Solvent Case

		10		Annual Fixed Operating Costs		Used same value as EPRI's UKy-CAER Advanced Solvent Case		Independent of power Gnereation and includes categories unaffected by capital cost and net plant size changes (Operating Labor and Maintenance, Administravive and Labor Support, Comsumables, Waste Disposal, Fuel, Co-Product or By-Product Credit)

		11		Variable Operating Costs		Made proporational change 618.7/624.7=99.0%











UKy-CAER CCS

		Important Features of the Uky-CAER CCS

		1		The flue gas is cooled and additional SO2 is removed in the pretreatment tower – just as it is in the RC CCSs.

		2		The Uky-CAER absorber includes an intercooler and solvent recovery – just as the RC CCS.

		3		Solvent is regenerated first in the pressurized primary stripper – similar to the RC B12B CCS

		4		And then additionally, we route the solvent to a secondary stripper where we use warm, water saturated air to strip additional CO2 and that gas exit stream is routed back to the boiler for use as secondary combustion air. 

		5		The heat used in the secondary stripper is recovered from the CCS from the lean return stream and the primary stripper overhead condenser.

		6		So there is additional equipment compared to the RC CCSs – secondary stripper, blower, pump and the extra duct taking the CO2-laden air back to the boiler.

		7		And this extra equipment fully taken into account in the costs.





Total Plant Cost Summary



								RC B12B		UKy-CAER CCS Constant Coal Feed Rate		Percent Difference Between UKy-CAER CCS Constant Coal Feed Rate and
RC B12B



						Commercial Scale Plant Size (MW, net)		550		576		5%		550

						Plant Efficiency, % (HHV basis)		33%		34%		5%

						Net Plant Heat Rate BTU/kWh HHV (kJ/kWh)
from TEA, Table 5-7, p. 46 for RC B12B		10,508		10,040		-4%

						Net Plant Heat Rate (kJ/kWh)
from TEA, Table 5-7, p. 46 for RC B12B		11,087		10593		-4%

						Capital Costs (2011$/KW)
from TEA, Table 5-7, p. 46 for RC B12B		$   3,524		$   2,924		-17%





				TOTAL PLANT COST ($x1000)

								RC B12B
(2011$)		UKy-CAER CCS
Constant Coal Feed Rate
($2011)		Percent Difference Between UKy-CAER CCS Constant Coal Feed Rate and
RC B12B		UKy-CAER CCS
Constant Net Power Output
($2011)		Percent Difference Between UKy-CAER CCS Constant Net Power Output and
RC B12B						UKy-CAER CCS Evaluated with RC 12
($2011)

				Acct No.		Item/Description																				1.05506

				1		COAL & SORBENT HANDLING		$   52,286		$   52,339.24		0%		$   50,809.97		-3%						$   56,344

				2		COAL & SORBENT PREP & FEED		$   24,983		$   25,054.41		0%		$   24,242.45		-3%						$   27,132

				3		FEEDWATER & MISC. BOP SYSTEMS		$   112,150		$   112,150.00		0%		$   112,798.08		1%						$   119,664

				4		PC BOILER		$   400,793		$   400,793.92		0%		$   388,307.85		-3%						$   437,216

				5		FLUE GAS CLEANUP		$   197,475		$   201,235.24		2%		$   190,973.96		-3%						$   200,100

				5B		CO2 REMOVAL & COMPRESSION		$   632,139		$   372,863		-41%		$   362,742.00		-43%						$   176,851

				5B.1		CO2 Removal System		$   533,757		$   274,482		-49%		$   267,082.00		-50%						$   102,605								Updated for shorter columns

				5B.2		CO2 Compression & Drying		$   98,381		$   98,381		0%		$   95,659.00		-3%						$   74,246

				7		DUCTING & STACK		$   45,027		$   50,720.90		13%		$   44,663.82		-1%						$   50,792

				8		STEAM TURBINE GENERATOR		$   178,176		$   184,601.70		4%		$   173,157.69		-3%						$   172,984

				9		COOLING WATER SYSTEM		$   62,254		$   48,285.95		-22%		$   61,209.66		-2%						$   56,841

				10		ASH/SPENT SORBENT HANDLING SYSTEM		$   19,028		$   19,028.00		0%		$   18,545.50		-3%						$   18,252

				11		ACCESSORY ELECTRIC PLANT		$   93,584		$   90,723.24		-3%		$   90,163.63		-4%						$   97,073

				12		INSTRUMENTATION & CONTROL		$   31,654		$   33,046.48		4%		$   31,244.04		-1%						$   32,417

				13		IMPROVEMENTS TO SITE		$   18,063		$   18,714.30		4%		$   17,692.51		-2%						$   18,993

				14		BUILDINGS & STRUCTURES		$   71,531		$   74,103.09		4%		$   70,750.91		-1%						$   74,949

						TOTAL		$   1,939,143		$   1,683,660		-13%		$   1,637,302		-16%						$   1,539,608



				TOTAL PLANT COST ($x1000)

								RC B12B
(2011$/kW)		UKy-CAER CCS
($2011/kW)		Percent Difference Between UKy-CAER CCS and
RC B12B

				Acct No.		Item/Description

				1		COAL & SORBENT HANDLING		$   95.07		$   90.90		-4%

				2		COAL & SORBENT PREP & FEED		$   45.42		$   43.51		-4%

				3		FEEDWATER & MISC. BOP SYSTEMS		$   203.91		$   194.77		-4%

				4		PC BOILER		$   728.71		$   696.05		-4%

				5		FLUE GAS CLEANUP		$   359.05		$   349.48		-3%

				5B		CO2 REMOVAL & COMPRESSION		$   1,149.34		$   647.54		-44%										Updated for shorter columns

				5B.1		CO2 Removal System		$   970.47		$   476.69		-51%

				5B.2		CO2 Compression & Drying		$   178.87		$   170.86		-4%

				7		DUCTING & STACK		$   81.87		$   88.09		8%

				8		STEAM TURBINE GENERATOR		$   323.96		$   320.59		-1%

				9		COOLING WATER SYSTEM		$   113.19		$   83.86		-26%

				10		ASH/SPENT SORBENT HANDLING SYSTEM		$   34.60		$   33.05		-4%

				11		ACCESSORY ELECTRIC PLANT		$   170.15		$   157.56		-7%

				12		INSTRUMENTATION & CONTROL		$   57.55		$   57.39		-0%

				13		IMPROVEMENTS TO SITE		$   32.84		$   32.50		-1%

				14		BUILDINGS & STRUCTURES		$   130.06		$   128.69		-1%

						TOTAL		$   3,525.71		$   2,923.97		-17%



										From the first LP CCS TEA [1] with 5B.1 updated for shorter columns, lower pressure drop and lower pump hydraulic head requirements

				[1] A. Bhown, "Large Pilot Uky-CAER Heat Integrated Post-combustion CO2 Capture Technology for Reducing the Cost of Electricity, "Technical and Economic Analysis. Submitted to U.S. Department of Energy National Energy Technology Laboratory March 2016.





RC 12 and B12B Equip Compare

				Case 12		Case B12B												Case 12				Case B12B

		Account 1 Coal & Sorbent Handling														Plant Size		550 MW, net				550 MW, net										 DE-FE0026497 TEA Results				RC 12		2016 TEA
UKy-CAER Process Compared to RC12		2017 Updated Estimates
UKy-CAER Process Compared to RC12		Percent Difference between RC 12 and Updated Estimates				Reference Case Comparison				RC 12		RC B12B		Percent Difference				Current UKy-CAER CCS Estimates				RC B12B		UKy-CAER Process Compared to RC B12B		Percent Difference				Plant Efficiency and Net Plant Heat Rate Calculation

		Equipment Number		Sizing				Percent Change from 12 to B12B								Account Number		Total Plant Cost
(2011$x1000)		Total Plant Cost
(2011$/kW)				Total Plant Cost
(2011$/kW)		Percent Difference from RC 12 to B12B						Commercial Scale Plant Size (MW, net)				550		618.7		636.9		16%		$   (18)		Commercial Scale Plant Size (MW, net)				550		550		0%				Commercial Scale Plant Size (MW, net)				550		576		5%		26		Boiler Efficiency Change from RC 12 to RC B12B is 38 to 39%

		1		181		180		1%								1		$   56,286				$   52,286				7%						Plant Efficiency, % (HHV basis)				28.4%		32.0%		32.9%		16%				Plant Efficiency, % (HHV basis)				28.4%		32.5%		14%				Plant Efficiency, % (HHV basis)				32.5%		34.0%		5%		1		Net Plant Efficicney Change from RC12 to RC B12 B is 28.4 to 32.5%

		2		572		570		0%								2		$   27,055				$   24,983				8%						Net Plant Heat Rate, BTU/kWh HHV				12,002		10,668		10,365		-14%				Net Plant Heat Rate, BTU/kWh HHV				12,002		10,508		-12%				Net Plant Heat Rate, BTU/kWh HHV				10,508		10,040		-4%				2.2335025381		Ratio of Boiler Efficiency to Net Plant Efficiency for RC 11

		3		1134		1130		0%								3		$   123,565				$   112,150				9%						Capital Costs (2011$/KW)				$   3,563		$   3,039		$   2,731		-23%		$   308		Capital Costs (2011$/KW)				$   3,563		$   3,526		-1%				Capital Costs (2011$/KW)				$   3,526		$   2,924		-17%				2.1867321867		Ratio of Boiler Efficiency to Net Plant Efficiency for RC B12A

		4														4		$   437,215				$   400,793				8%						Equipment Costs ($x1000, 2011$)														Equipment Costs ($x1000, 2011$)												Equipment Costs ($x1000, 2011$)												2.75		Ratio of Boiler Efficiency to Net Plant Efficiency for Uky-CAER Case compared to RC 12

		5		1134		1130		0%								5		$   196,119				$   197,475				-1%								Item/Description														Item/Description												Item/Description										0.05		Difference in RC11 and RC B12A ratios, apply same difference to Uky-CAER Case compared to RC B12B

		6														5B		$   593,497				$   632,139				-7%						1		COAL & SORBENT HANDLING		$   56,286		$   56,344		$   56,374		0%				1		COAL & SORBENT HANDLING		$   56,286		$   52,286		-7%				1		COAL & SORBENT HANDLING		$   52,286		$   52,339		0%				2.70		Ratio of Boiler Efficiency to Net Plant Efficiency for Uky-CAER Case compared to RC B12B

		7		1134		1130		0%								7		$   45,092				$   45,027				0%						2		COAL & SORBENT PREP & FEED		$   27,055		$   27,132		$   27,132		0%				2		COAL & SORBENT PREP & FEED		$   27,055		$   24,983		-8%				2		COAL & SORBENT PREP & FEED		$   24,983		$   25,054		0%				32.9235808893		Net Plant Efficiency for Uky-CAER Case compared to RC B12B

		8		54		50		7%								8		$   166,965				$   178,176				-7%						3		FEEDWATER & MISC. BOP SYSTEMS		$   123,565		$   119,664		$   119,664		-3%				3		FEEDWATER & MISC. BOP SYSTEMS		$   123,565		$   112,150		-9%				3		FEEDWATER & MISC. BOP SYSTEMS		$   112,150		$   112,150		0%				0.0096017458		Ratio of Boiler Efficiency to Net Plant Heat Rate for RC 11

		9		209		190		9%								9		$   73,311				$   62,254				15%						4		PC BOILER		$   437,215		$   437,216		$   437,215		0%				4		PC BOILER		$   437,215		$   400,793		-8%				4		PC BOILER		$   400,793		$   400,794		0%				0.0100667345		Ratio of Boiler Efficiency to Net Plant Heat Rate for RC B12A

		10		426		370		13%								10		$   18,252				$   19,028				-4%						5		FLUE GAS CLEANUP		$   196,119		$   200,100		$   200,100		2%				5		FLUE GAS CLEANUP		$   196,119		$   197,475		1%				5		FLUE GAS CLEANUP		$   197,475		$   201,235		2%				0.0082489689		Ratio of Boiler Efficiency to Net Plant Heat Rate for Uky-CAER Case compared to RC 12

		11														11		$   100,255				$   93,584				7%						5B		CO2 REMOVAL & COMPRESSION		$   593,497		$   517,486		$   387,936		-35%				5B		CO2 REMOVAL & COMPRESSION		$   593,497		$   632,139		7%				5B		CO2 REMOVAL & COMPRESSION		$   632,139		$   372,863		-41%				-0.0004649888		Difference in RC11 and RC B12A ratios, apply same difference to Uky-CAER Case compared to RC B12B

		12		209		190		9%								12		$   31,053				$   31,654				-2%						5B.1		CO2 Removal System		$   505,963		$   443,239		$   331,350		-35%				5B.1		CO2 Removal System		$   505,963		$   533,757		5%				5B.1		CO2 Removal System		$   533,757		$   274,482		-49%				0.0087139576		Ratio of Boiler Efficiency to Net Plant Heat Rate for Uky-CAER Case compared to RC B12B

		13														13		$   18,332				$   18,063				1%						5B.2		CO2 Compression & Drying		$   87,534		$   74,246		$   56,586		-35%				5B.2		CO2 Compression & Drying		$   87,534		$   98,381		12%				5B.2		CO2 Compression & Drying		$   98,381		$   98,381		0%				10213.4992714886		Net Boiler Efficiency for Uky-CAER Case compared to RC B12B

		14														14		$   72,402				$   71,531				1%						6		COMBUSTION  TURBINE/ACCESSORIES		$   - 0		$   - 0		$   - 0						6		COMBUSTION  TURBINE/ACCESSORIES		$   - 0		$   - 0						6		COMBUSTION  TURBINE/ACCESSORIES		$   - 0		-		-

		15		426		370		13%								Total		$   1,959,399		$   3,562.54		$   1,939,143		$   3,525.71		1%						7		HRSG, DUCTING & STACK		$   45,092		$   50,792		$   50,792		13%				7		HRSG, DUCTING & STACK		$   45,092		$   45,027		-0%				7		HRSG, DUCTING & STACK		$   45,027		$   50,721		13%

		16																						$   3,524.00		reported in Updated Costs to $2011						8		STEAM TURBINE GENERATOR		$   166,965		$   172,984		$   172,984		4%				8		STEAM TURBINE GENERATOR		$   166,965		$   178,176		7%				8		STEAM TURBINE GENERATOR		$   178,176		$   184,602		4%

		17		426		370		13%																								9		COOLING WATER SYSTEM		$   73,311		$   56,841		$   56,841		-22%				9		COOLING WATER SYSTEM		$   73,311		$   62,254		-15%				9		COOLING WATER SYSTEM		$   62,254		$   48,286		-22%

		18		907		820		10%																								10		ASH/SPENT SORBENT HANDLING SYSTEM		$   18,252		$   18,252		$   18,252		0%				10		ASH/SPENT SORBENT HANDLING SYSTEM		$   18,252		$   19,028		4%				10		ASH/SPENT SORBENT HANDLING SYSTEM		$   19,028		$   19,028		0%

		19				Not Included																										11		ACCESSORY ELECTRIC PLANT		$   100,255		$   97,073		$   97,074		-3%				11		ACCESSORY ELECTRIC PLANT		$   100,255		$   93,584		-7%				11		ACCESSORY ELECTRIC PLANT		$   93,584		$   90,723		-3%

		20				Not Included																										12		INSTRUMENTATION & CONTROL		$   31,053		$   32,417		$   32,417		4%				12		INSTRUMENTATION & CONTROL		$   31,053		$   31,654		2%				12		INSTRUMENTATION & CONTROL		$   31,654		$   33,046		4%

		21		36		30		17%																								13		IMPROVEMENTS TO SITE		$   18,332		$   18,993		$   18,993		4%				13		IMPROVEMENTS TO SITE		$   18,332		$   18,063		-1%				13		IMPROVEMENTS TO SITE		$   18,063		$   18,714		4%

		22		109		90		17%																								14		BUILDINGS & STRUCTURES		$   72,402		$   74,949		$   74,949		4%				14		BUILDINGS & STRUCTURES		$   72,402		$   71,531		-1%				14		BUILDINGS & STRUCTURES		$   71,531		$   74,103		4%

		23		109		90		17%																								TOTALS				$   1,959,399		$   1,880,243		$   1,750,723		-11%		$   129,520		TOTALS				$   1,959,399		$   1,939,143		-1%				TOTALS				$   1,939,143		$   1,683,660		-13%

		24		18		20		-11%

		25		82		70		15%																																																				Steam Quality

		26		82		70		15%																																																				RC12

		27		345		290		16%																																																				Steam to econamine CCS extracted from IP to LP crossover line

		average						9%		Case 12 costs should be ~9% higher than Case B12B																																																		W = 1,784,175 lbm/hr

				56286		52286		7%		Case 12 costs are 7% higher than Case B12B																																																		T = 556.3 F

																																																												P = 73.5 psia

																																																												H = 1,309.6 Btu/lbm



																																																												RC B12B

																																																												Steam to cansolv reboiler extracted form LP turbine

																																																												W = 1,111,084 lbm/hr

																																																												T = 517 F

																																																												P = 74 psia

																																																												H = 1,290 Btu/lbm



																																																												Our 2015 TEA 

																																																												Steam to UKy-CAER CCS reboiler extracted from IP to LP crossover line for consistency and comparison to RC 12. (p. 17 of TEA)

																																																												W = 1,756,249 lbm/hr

																																																												T = 556.3 F

																																																												P = 73.5 psia

																																																												Use conditions:

																																																												T = 316 F

																																																												P = 73.5 psia





RC Comparisons

		Supercritical PC Plant Study Configuration Matrix

				RC 11		RC12		RCB12A		RCB12B				UKy-CAER CCS

		Steam Cycle, MPa/°C/°C		24.1/593/593		24.1/593/593		24.1/593/593		24.1/593/593				24.1/593/593

		Coal		Illinois No. 6		Illinois No. 6		Illinois No. 6		Illinois No. 6				Illinois No. 6

		Coal Feed Rate (lb/hr)				565820				495578

		Condenser Pressure (mm Hg)		50.8		50.8		50.8		50.8				50.8

		Boiler Efficiency, HHV%		88		88		89		89				89

		Cooling Water to Condenser, °C		16		16		16		16				16

		Cooling Water from Condenser, °C		27		27		27		27				27

		Stack Temperature, °C		57		32		56		42				42

		SO2 Control		Wet Limestone Forced Oxidation		Wet Limestone Forced Oxidation		Wet Limestone Forced Oxidation		Wet Limestone Forced Oxidation				Wet Limestone Forced Oxidation

		FGD Efficiency, %		98		98		98		98				98

		NOx Control		LNB with OFA and SCR		LNB with OFA and SCR		LNB with OFA, SCR and Polishing Scrubber		LNB with OFA, SCR and Polishing Scrubber				LNB with OFA, SCR and Polishing Scrubber

		SCR Efficiency, %		86		86		83		85				85

		Ammoinia Slip (End of Catalyst Life), ppmv		2		2		2		2				2

		Particulate Control		Fabric Filter		Fabric Filter		Fabric Filter		Fabric Filter				Fabric Filter

		Fabric Filter Efficiency, %		99.8		99.8		99.9		99.9				99.9

		Ash Distribution, Fly/Bottom		80%/20%		80%/20%		80%/20%		80%/20%				80%/20%

		SO3 Control		DSI		DSI		DSI		DSI				DSI

		Mercury Control		Co-benefit Capture		Co-benefit Capture		Co-benefit Capture and ACI		Co-benefit Capture and ACI				Co-benefit Capture and ACI

		CO2 Control		NA		Econamine		NA		Cansolv				Cansolv

		Overall CO2 Capture		NA		90.2		NA		90%				90%

		CO2 Sequestration		NA		Off-site Saline Formation		NA		Off-site Saline Formation				Off-site Saline Formation

		Plant Power Summary, kWe										Percent Change from RC 12 to RC B12B

				RC 11		RC12		RCB12A		RCB12B				UKy-CAER CCS

		Coal Handling and Conveying		440		510		430		480		-6%		510

		Pulverizer		2780		3850		2690		3370		-12%		3850

		Sorbent Handling & Reagent Preparation		890		1250		850		1070		-14%		1260

		Ash Handling		530		740		620		780		5%		740

		Primary Air Fans		1300		1800		1330		1670		-7%		1810

		Forced Draft Fans		1660		2300		1700		2130		-7%		2770

		Induced Draft Fans		7050		11120		6660		8350		-25%		10700

		SCR		50		70		40		60		-14%		70

		Activated Carbon Injection		0		0		22		27

		Dry Sorbent Injection		0		0		86		108										look at baseline efficcy comparison

		Baghouse		70		100		90		110		10%		100						our efficicy improvements

		Wet FGD		2970		4110		2830		3550		-14%		4150

		CO2 Capture/Removal Auxiliaries		0		20600		0		16000		-22%		20570

		CO2 Compression		0		44890		0		35690		-20%		30990

		Miscellaneous BOP		2000		2000		2000		2000		0%		2000

		Steam Turbine Auxiliaries		400		400		4000		400		0%		400

		Condensate Pumps		800		560		800		640		14%		800

		Circulating Water Pumps		4730		10100		4520		7750		-23%		7590

		Ground Water Pumps		480		910		460		710		-22%		680

		Cooling Tower Fans		2440		5230		2340		4010		-23%		3930

		Transformaer Losses 		1820		2290		1820		2380		4%		2470

		TOTAL		30410		112830		33288		91285		-19%		95400

		Net Plant Efficiency (HHV)		39.4		28.4		40.7		32.5				32

		Net Plant Heat Rate, kJ/kWh		9165		12663		8841		11086				10668				2.2335025381

		Steam  Turbine Power, MWe		580		663		580		642				714.1				2.1867321867

		Total Gross Power, MWe		580		663		580		642				714.1				0.0467703513

		Net Power, MWe		550		550		550		550				576				2.70323

		Condenser Cooling Duty, 106 kJ/hr		2298		1737		2192		1867				2051				32.9235766102

		Consumables

				RC 11		RC12		RCB12A		RCB12B				UKy-CAER CCS

		As-Received Coal Feed, kg/hr		185759		256652		179193		224791				256651

		Limestone Sorbent Feed, kg/hr		18437		25966		17707		22213				26233

		HHV Thermal Input, kWth		1400162		1934519		1350672		1694366

		Raw Water Withdrawl, m3/miin		20.1		38.1		19.25		29.7

		Raw Water Consuption, m3/min		16		29.3		15.4		23.1





Total Plant Cost Details

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B																						Difference Between UKY-CAER Cost and RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				A positive number means Uky-CAER has higher cost

		1.1		Coal Receive & Unload		$   4,995		$   - 0		$   2,250		$   7,246		$   628		$   - 0		$   1,181		$   9,055		1.1		Coal Receive & Unload		$   4,601		$   - 0		$   2,073		$   6,674		$   667		$   - 0		$   1,101		$   8,443		1.1		Coal Receive & Unload		-0.08		0.00		-0.08		-0.08		0.06		0.00		-0.07		-0.07		1.1		Coal Receive & Unload		$   4,995		$   - 0		$   2,250		$   7,246		$   628		$   - 0		$   1,181		$   9,055		1.1		Coal Receive & Unload		$   4,601		$   - 0		$   2,073		$   6,674		$   667		$   - 0		$   1,101		$   8,443						Running Total

		1.2		Coal Stackout  Reclaim		$   6,456		$   - 0		$   1,443		$   7,898		$   669		$   - 0		$   1,285		$   9,853		1.2		Coal Stackout  Reclaim		$   5,946		$   - 0		$   1,329		$   7,275		$   728		$   - 0		$   1,200		$   9,203		1.2		Coal Stackout  Reclaim		-0.08		0.00		-0.08		-0.08		0.09		0.00		-0.07		-0.07		1.2		Coal Stackout  Reclaim		$   6,456		$   - 0		$   1,443		$   7,898		$   669		$   - 0		$   1,285		$   9,853		1.2		Coal Stackout  Reclaim		$   5,946		$   - 0		$   1,329		$   7,275		$   728		$   - 0		$   1,200		$   9,203

		1.3		Coal Conveyors		$   6,002		$   - 0		$   1,427		$   7,430		$   630		$   - 0		$   1,209		$   9,269		1.3		Coal Conveyors		$   5,529		$   - 0		$   1,315		$   6,843		$   684		$   - 0		$   1,129		$   8,657		1.3		Coal Conveyors		-0.08		0.00		-0.08		-0.08		0.09		0.00		-0.07		-0.07		1.3		Coal Conveyors		$   6,002		$   - 0		$   1,427		$   7,430		$   630		$   - 0		$   1,209		$   9,269		1.3		Coal Conveyors		$   5,529		$   - 0		$   1,315		$   6,843		$   684		$   - 0		$   1,129		$   8,657

		1.4		Other Coal Handling		$   1,570		$   - 0		$   330		$   1,901		$   161		$   - 0		$   309		$   2,371		1.4		Other Coal Handling		$   1,446		$   - 0		$   304		$   1,751		$   175		$   - 0		$   289		$   2,215		1.4		Other Coal Handling		-0.08		0.00		-0.08		-0.08		0.09		0.00		-0.06		-0.07		1.4		Other Coal Handling		$   1,570		$   - 0		$   330		$   1,901		$   161		$   - 0		$   309		$   2,371		1.4		Other Coal Handling		$   1,446		$   - 0		$   304		$   1,751		$   175		$   - 0		$   289		$   2,215

		1.5		Sorbent Receive & Unload		$   204		$   - 0		$   61		$   264		$   23		$   - 0		$   43		$   330		1.5		Sorbent Receive & Unload		$   184		$   - 0		$   55		$   239		$   24		$   - 0		$   39		$   302		1.5		Sorbent Receive & Unload		-0.10		0.00		-0.10		-0.09		0.04		0.00		-0.09		-0.08		1.5		Sorbent Receive & Unload		$   205		$   - 0		$   61		$   266		$   23		$   - 0		$   43		$   332		1.5		Sorbent Receive & Unload		$   185		$   - 0		$   55		$   241		$   24		$   - 0		$   39		$   304

		1.6		Sorbent Stackout  Reclaim		$   3,288		$   - 0		$   594		$   3,883		$   327		$   - 0		$   631		$   4,841		1.6		Sorbent Stackout  Reclaim		$   2,976		$   - 0		$   538		$   3,513		$   351		$   - 0		$   580		$   4,444		1.6		Sorbent Stackout  Reclaim		-0.09		0.00		-0.09		-0.10		0.07		0.00		-0.08		-0.08		1.6		Sorbent Stackout  Reclaim		$   3,310		$   - 0		$   598		$   3,908		$   329		$   - 0		$   636		$   4,873		1.6		Sorbent Stackout  Reclaim		$   2,996		$   - 0		$   542		$   3,536		$   353		$   - 0		$   585		$   4,473

		1.7		Sorbet Conveyors		$   1,173		$   255		$   284		$   1,712		$   143		$   - 0		$   278		$   2,133		1.7		Sorbet Conveyors		$   1,062		$   231		$   257		$   1,549		$   155		$   - 0		$   256		$   1,960		1.7		Sorbet Conveyors		-0.09		-0.09		-0.10		-0.10		0.08		0.00		-0.08		-0.08		1.7		Sorbet Conveyors		$   1,181		$   256		$   286		$   1,723		$   144		$   - 0		$   280		$   2,147		1.7		Sorbet Conveyors		$   1,069		$   232		$   259		$   1,559		$   156		$   - 0		$   258		$   1,973

		1.8		Other Sorbent Handling		$   709		$   167		$   367		$   1,242		$   106		$   - 0		$   202		$   1,551		1.8		Other Sorbent Handling		$   641		$   151		$   332		$   1,124		$   112		$   - 0		$   185		$   1,422		1.8		Other Sorbent Handling		-0.10		-0.10		-0.10		-0.10		0.06		0.00		-0.08		-0.08		1.8		Other Sorbent Handling		$   713		$   168		$   369		$   1,250		$   107		$   - 0		$   204		$   1,561		1.8		Other Sorbent Handling		$   645		$   152		$   334		$   1,131		$   113		$   - 0		$   187		$   1,431

		1.9		Coal & Sorbent Hnd Fountations		$   - 0		$   5,790		$   7,633		$   13,423		$   1,259		$   - 0		$   2,202		$   16,884		1.9		Coal & Sorbent Hnd Fountations		$   - 0		$   5,333		$   7,031		$   12,364		$   1,236		$   - 0		$   2,040		$   15,640		1.9		Coal & Sorbent Hnd Fountations		0.00		-0.08		-0.08		-0.08		-0.02		0.00		-0.07		-0.07		1.9		Coal & Sorbent Hnd Fountations		$   - 0		$   5,790		$   7,633		$   13,423		$   1,259		$   - 0		$   2,202		$   16,884		1.9		Coal & Sorbent Hnd Fountations		$   - 0		$   5,333		$   7,031		$   12,364		$   1,236		$   - 0		$   2,040		$   15,640

				SUBTOTAL		$   24,398		$   6,211		$   14,389		$   44,998		$   3,946		$   - 0		$   7,342		$   56,286				SUBTOTAL		$   22,386		$   5,714		$   13,233		$   41,333		$   4,133		$   - 0		$   6,820		$   52,286				AVERAGE		-0.08		-0.03		-0.09		-0.09		0.06		0.00		-0.08		-0.07				SUBTOTAL		$   24,433		$   6,214		$   14,398		$   45,045		$   3,950		$   - 0		$   7,349		$   56,345				SUBTOTAL		$   22,417		$   5,717		$   13,241		$   41,374		$   4,136		$   - 0		$   6,827		$   52,339				$   53,238.84

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		2.1		Coal Crushing & Drying		$   2,898		$   - 0		$   557		$   3,455		$   292		$   - 0		$   562		$   4,309		2.1		Coal Crushing & Drying		$   2,656		$   - 0		$   510		$   3,166		$   317		$   - 0		$   522		$   4,005		2.1		Coal Crushing & Drying		-0.08		0.00		-0.08		-0.08		0.09		0.00		-0.07		-0.07		2.1		Coal Crushing & Drying		$   2,898		$   - 0		$   557		$   3,455		$   292		$   - 0		$   562		$   4,309		2.1		Coal Crushing & Drying		$   2,656		$   - 0		$   510		$   3,166		$   317		$   - 0		$   522		$   4,005

		2.2		Coal Conveyor to Storage		$   7,421		$   - 0		$   1,598		$   9,018		$   763		$   - 0		$   1,467		$   11,249		2.2		Coal Conveyor to Storage		$   6,799		$   - 0		$   1,464		$   8,263		$   826		$   - 0		$   1,363		$   10,453		2.2		Coal Conveyor to Storage		-0.08		0.00		-0.08		-0.08		0.08		0.00		-0.07		-0.07		2.2		Coal Conveyor to Storage		$   7,421		$   - 0		$   1,598		$   9,018		$   763		$   - 0		$   1,467		$   11,249		2.2		Coal Conveyor to Storage		$   6,799		$   - 0		$   1,464		$   8,263		$   826		$   - 0		$   1,363		$   10,453

		2.5		Sorbent Prep Equipment		$   5,604		$   243		$   1,148		$   6,995		$   589		$   - 0		$   1,138		$   8,721		2.5		Sorbent Prep Equipment		$   5,063		$   219		$   1,037		$   6,320		$   632		$   - 0		$   1,043		$   7,994		2.5		Sorbent Prep Equipment		-0.10		-0.10		-0.10		-0.10		0.07		0.00		-0.08		-0.08		2.5		Sorbent Prep Equipment		$   5,642		$   244		$   1,156		$   7,041		$   593		$   - 0		$   1,145		$   8,780		2.5		Sorbent Prep Equipment		$   5,097		$   220		$   1,044		$   6,362		$   636		$   - 0		$   1,049		$   8,048

		2.6		Sorbent Storage & Feed		$   675		$   - 0		$   255		$   930		$   80		$   - 0		$   152		$   1,162		2.6		Sorbent Storage & Feed		$   610		$   - 0		$   230		$   840		$   84		$   - 0		$   139		$   1,063		2.6		Sorbent Storage & Feed		-0.10		0.00		-0.10		-0.10		0.05		0.00		-0.09		-0.09		2.6		Sorbent Storage & Feed		$   680		$   - 0		$   257		$   936		$   81		$   - 0		$   153		$   1,170		2.6		Sorbent Storage & Feed		$   615		$   - 0		$   232		$   845		$   85		$   - 0		$   140		$   1,070

		2.9		Coal & Sorben Feed Foundaton		$   - 0		$   684		$   600		$   1,284		$   119		$   - 0		$   210		$   1,614		2.9		Coal & Sorben Feed Foundaton		$   - 0		$   618		$   542		$   1,160		$   116		$   - 0		$   191		$   1,468		2.9		Coal & Sorben Feed Foundaton		0.00		-0.10		-0.10		-0.10		-0.03		0.00		-0.09		-0.09		2.9		Coal & Sorben Feed Foundaton		$   - 0		$   689		$   604		$   1,293		$   120		$   - 0		$   212		$   1,625		2.9		Coal & Sorben Feed Foundaton		$   - 0		$   623		$   546		$   1,168		$   117		$   - 0		$   193		$   1,478

				SUBTOTAL		$   16,598		$   927		$   4,158		$   21,683		$   1,844		$   - 0		$   3,529		$   27,055				SUBTOTAL		$   15,128		$   837		$   3,784		$   19,749		$   1,976		$   - 0		$   3,259		$   24,983				AVERAGE		-0.07		-0.04		-0.09		-0.09		0.05		0.00		-0.08		-0.08				SUBTOTAL		$   16,640		$   933		$   4,171		$   21,744		$   1,849		$   - 0		$   3,539		$   27,132				SUBTOTAL		$   15,167		$   842		$   3,796		$   19,804		$   1,981		$   - 0		$   3,267		$   25,054				$   71,405.02		$   124,643.86

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Assume Same as RC B12B

		3.1		Feedwater System		$   27,420		$   - 0		$   8,841		$   36,261		$   3,098		$   - 0		$   5,904		$   45,263		3.1		Feedwater System		$   25,158		$   - 0		$   8,112		$   33,270		$   3,327		$   - 0		$   5,489		$   42,086		3.1		Feedwater System		-0.08		0.00		-0.08		-0.08		0.07		0.00		-0.07		-0.07		3.1		Feedwater System		$   27,083		$   - 0		$   8,732		$   35,815		$   3,060		$   - 0		$   5,831		$   44,707		3.1		Feedwater System		$   25,158		$   - 0		$   8,112		$   33,270		$   3,327		$   - 0		$   5,489		$   42,086

		3.2		Water Makeup & Pretreating		$   8,525		$   - 0		$   2,697		$   11,222		$   1,025		$   - 0		$   2,449		$   14,697		3.2		Water Makeup & Pretreating		$   7,114		$   - 0		$   2,250		$   9,365		$   936		$   - 0		$   2,060		$   12,361		3.2		Water Makeup & Pretreating		-0.17		0.00		-0.17		-0.17		-0.09		0.00		-0.16		-0.16		3.2		Water Makeup & Pretreating		$   7,530		$   - 0		$   2,382		$   9,911		$   906		$   - 0		$   2,163		$   12,981		3.2		Water Makeup & Pretreating		$   7,114		$   - 0		$   2,250		$   9,365		$   936		$   - 0		$   2,060		$   12,361

		3.3		Other Feedwater Subsystems		$   8,626		$   - 0		$   3,541		$   12,167		$   1,046		$   - 0		$   1,982		$   15,194		3.3		Other Feedwater Subsystems		$   7,914		$   - 0		$   3,249		$   11,163		$   1,116		$   - 0		$   1,842		$   14,121		3.3		Other Feedwater Subsystems		-0.08		0.00		-0.08		-0.08		0.07		0.00		-0.07		-0.07		3.3		Other Feedwater Subsystems		$   8,520		$   - 0		$   3,498		$   12,017		$   1,033		$   - 0		$   1,957		$   15,007		3.3		Other Feedwater Subsystems		$   7,914		$   - 0		$   3,249		$   11,163		$   1,116		$   - 0		$   1,842		$   14,121

		3.4		Service Water Systems		$   1,707		$   - 0		$   893		$   2,601		$   234		$   - 0		$   567		$   3,401		3.4		Service Water Systems		$   1,425		$   - 0		$   746		$   2,170		$   217		$   - 0		$   477		$   2,865		3.4		Service Water Systems		-0.17		0.00		-0.16		-0.17		-0.07		0.00		-0.16		-0.16		3.4		Service Water Systems		$   1,508		$   - 0		$   789		$   2,297		$   206		$   - 0		$   501		$   3,004		3.4		Service Water Systems		$   1,425		$   - 0		$   746		$   2,170		$   217		$   - 0		$   477		$   2,865

		3.5		Other Boiler Plant Systems		$   10,846		$   - 0		$   10,254		$   21,100		$   1,920		$   - 0		$   3,453		$   26,473		3.5		Other Boiler Plant Systems		$   9,820		$   - 0		$   9,284		$   19,103		$   1,910		$   - 0		$   3,152		$   24,166		3.5		Other Boiler Plant Systems		-0.09		0.00		-0.09		-0.09		-0.01		0.00		-0.09		-0.09		3.5		Other Boiler Plant Systems		$   10,846		$   - 0		$   10,254		$   21,100		$   1,920		$   - 0		$   3,453		$   26,473		3.5		Other Boiler Plant Systems		$   9,820		$   - 0		$   9,284		$   19,103		$   1,910		$   - 0		$   3,152		$   24,166

		3.6		FO Supply Sys & Nat Gas		$   354		$   - 0		$   413		$   767		$   69		$   - 0		$   125		$   961		3.6		FO Supply Sys & Nat Gas		$   347		$   - 0		$   405		$   752		$   75		$   - 0		$   124		$   951		3.6		FO Supply Sys & Nat Gas		-0.02		0.00		-0.02		-0.02		0.09		0.00		-0.01		-0.01		3.6		FO Supply Sys & Nat Gas		$   369		$   - 0		$   432		$   801		$   72		$   - 0		$   131		$   1,004		3.6		FO Supply Sys & Nat Gas		$   347		$   - 0		$   405		$   752		$   75		$   - 0		$   124		$   951

		3.7		Waste Treatement Equipment		$   5,593		$   - 0		$   3,238		$   8,831		$   850		$   - 0		$   1,936		$   11,617		3.7		Waste Treatement Equipment		$   4,667		$   - 0		$   2,702		$   7,369		$   737		$   - 0		$   1,621		$   9,727		3.7		Waste Treatement Equipment		-0.17		0.00		-0.17		-0.17		-0.13		0.00		-0.16		-0.16		3.7		Waste Treatement Equipment		$   4,940		$   - 0		$   2,860		$   7,799		$   751		$   - 0		$   1,710		$   10,260		3.7		Waste Treatement Equipment		$   4,667		$   - 0		$   2,702		$   7,369		$   737		$   - 0		$   1,621		$   9,727

		3.8		Misc Equip (Cranes, Air Comp Comm)		$   3,464		$   - 0		$   1,072		$   536		$   431		$   - 0		$   993		$   5,960		3.8		Misc Equip (Cranes, Air Comp Comm)		$   3,398		$   - 0		$   1,051		$   4,449		$   445		$   - 0		$   979		$   5,873		3.8		Misc Equip (Cranes, Air Comp Comm)		-0.02		0.00		-0.02		7.30		0.03		0.00		-0.01		-0.01		3.8		Misc Equip (Cranes, Air Comp Comm)		$   3,620		$   - 0		$   1,120		$   4,739		$   451		$   - 0		$   1,038		$   6,228		3.8		Misc Equip (Cranes, Air Comp Comm)		$   3,398		$   - 0		$   1,051		$   4,449		$   445		$   - 0		$   979		$   5,873

				SUBTOTAL		$   66,534		$   - 0		$   30,948		$   93,483		$   8,673		$   - 0		$   17,410		$   123,565				SUBTOTAL		$   59,843		$   - 0		$   27,798		$   87,641		$   8,764		$   - 0		$   15,744		$   112,150				AVERAGE		-0.10		0.00		-0.10		0.82		-0.00		0.00		-0.09		-0.09				SUBTOTAL		$   64,415		$   - 0		$   30,066		$   94,481		$   8,398		$   - 0		$   16,785		$   119,664				SUBTOTAL		$   59,843		$   - 0		$   27,798		$   87,641		$   8,764		$   - 0		$   15,744		$   112,150				$   - 0		$   124,643.86

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		4.1		PC Boiler & Accessories *		$   230,968		$   - 0		$   131,605		$   362,573		$   34,895		$   - 0		$   39,747		$   437,215		4.1		PC Boiler & Accessories *		$   211,004		$   - 0		$   120,229		$   331,234		$   33,123		$   - 0		$   36,436		$   400,793		4.1		PC Boiler & Accessories *		-0.09		0.00		-0.09		-0.09		-0.05		0.00		-0.08		-0.08		4.1		PC Boiler & Accessories *		$   230,968		$   - 0		$   131,605		$   362,573		$   34,895		$   - 0		$   39,747		$   437,216		4.1		PC Boiler & Accessories *		$   211,004		$   - 0		$   120,229		$   331,234		$   33,123		$   - 0		$   36,436		$   400,794

				SUBTOTAL		$   230,968		$   - 0		$   131,605		$   362,573		$   34,895		$   - 0		$   39,747		$   437,215				SUBTOTAL		$   211,004		$   - 0		$   120,229		$   331,234		$   33,123		$   - 0		$   36,436		$   400,793				AVERAGE		-0.09		0.00		-0.09		-0.09		-0.05		0.00		-0.08		-0.08				SUBTOTAL		$   230,968		$   - 0		$   131,605		$   362,573		$   34,895		$   - 0		$   39,747		$   437,216				SUBTOTAL		$   211,004		$   - 0		$   120,229		$   331,234		$   33,123		$   - 0		$   36,436		$   400,794				$   916.70		$   125,560.55

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)								Total Flue GAs Flow (lb/hr)

		5.1		Absorber Vessels & Accessories		$   84,608		$   - 0		$   18,090		$   102,698		$   9,534		$   - 0		$   11,223		$   123,455		5.1		Absorber Vessels & Accessories		$   79,487		$   - 0		$   16,995		$   96,482		$   9,648		$   - 0		$   10,613		$   116,743		5.1		Absorber Vessels & Accessories		-0.06		0.00		-0.06		-0.06		0.01		0.00		-0.05		-0.05		5.1		Absorber Vessels & Accessories		$   86,488		$   - 0		$   18,492		$   104,980		$   9,746		$   - 0		$   11,473		$   126,198		5.1		Absorber Vessels & Accessories		$   81,253		$   - 0		$   17,373		$   98,626		$   9,863		$   - 0		$   10,849		$   119,337								UKy-CAER 2016 Case		6237613

		5.2		Other FGD		$   4,415		$   - 0		$   4,969		$   9,384		$   889		$   - 0		$   1,027		$   11,301		5.2		Other FGD		$   4,148		$   - 0		$   4,668		$   8,816		$   882		$   - 0		$   970		$   10,668		5.2		Other FGD		-0.06		0.00		-0.06		-0.06		-0.01		0.00		-0.06		-0.06		5.2		Other FGD		$   4,513		$   - 0		$   5,080		$   9,593		$   909		$   - 0		$   1,050		$   11,552		5.2		Other FGD		$   4,240		$   - 0		$   4,772		$   9,012		$   902		$   - 0		$   992		$   10,905								RC 12		6214747

		5.3		Bag House & Accessories		$   24,339		$   - 0		$   15,340		$   39,679		$   3,729		$   - 0		$   4,341		$   47,749		5.3		Bag House & Accessories		$   22,779		$   - 0		$   14,358		$   37,137		$   3,714		$   - 0		$   4,085		$   44,936		5.3		Bag House & Accessories		-0.06		0.00		-0.06		-0.06		-0.00		0.00		-0.06		-0.06		5.3		Bag House & Accessories		$   24,775		$   - 0		$   15,616		$   40,391		$   3,796		$   - 0		$   4,419		$   48,605		5.3		Bag House & Accessories		$   23,187		$   - 0		$   14,616		$   37,803		$   3,781		$   - 0		$   4,158		$   45,742										0.0036793131

		5.4		Other Particulate Removal Materials		$   1,649		$   - 0		$   1,750		$   3,398		$   322		$   - 0		$   372		$   4,091		5.4		Other Particulate Removal Materials		$   1,542		$   - 0		$   1,638		$   3,180		$   318		$   - 0		$   350		$   3,848		5.4		Other Particulate Removal Materials		-0.06		0.00		-0.06		-0.06		-0.01		0.00		-0.06		-0.06		5.4		Other Particulate Removal Materials		$   1,677		$   - 0		$   1,782		$   3,458		$   327		$   - 0		$   379		$   4,164		5.4		Other Particulate Removal Materials		$   1,568		$   - 0		$   1,668		$   3,236		$   323		$   - 0		$   357		$   3,917

		5.5		Gypsum Dewatering System		$   6,779		$   - 0		$   1,144		$   7,923		$   734		$   - 0		$   866		$   9,522		5.5		Gypsum Dewatering System		$   6,185		$   - 0		$   1,043		$   7,229		$   723		$   - 0		$   795		$   8,747		5.5		Gypsum Dewatering System		-0.09		0.00		-0.09		-0.09		-0.01		0.00		-0.08		-0.08		5.5		Gypsum Dewatering System		$   6,821		$   - 0		$   1,151		$   7,971		$   739		$   - 0		$   871		$   9,581		5.5		Gypsum Dewatering System		$   6,223		$   - 0		$   1,049		$   7,273		$   728		$   - 0		$   800		$   8,801

		5.6		Mercury Removal System		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		5.6		Mercury Removal System		$   4,702		$   1,034		$   4,623		$   10,359		$   1,036		$   - 0		$   1,139		$   12,534		5.6		Mercury Removal System		1.00		1.00		1.00		1.00		1.00		0.00		1.00		1.00		5.6		Mercury Removal System		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   12,534		5.6		Mercury Removal System		$   4,702		$   1,034		$   4,623		$   10,359		$   1,036		$   - 0		$   1,139		$   12,534		Used B12B Mercury Removal System Costs

				SUBTOTAL		$   121,788		$   - 0		$   41,294		$   163,082		$   15,208		$   - 0		$   17,829		$   196,119				SUBTOTAL		$   118,843		$   1,034		$   43,325		$   163,202		$   16,320		$   - 0		$   17,952		$   197,475				AVERAGE		0.11		0.17		0.11		0.11		0.16		0.00		0.12		0.11				SUBTOTAL		$   124,274		$   - 0		$   42,119		$   166,393		$   15,516		$   - 0		$   18,191		$   212,634				SUBTOTAL		$   121,174		$   1,034		$   44,102		$   166,310		$   16,632		$   - 0		$   18,295		$   201,235				$   3,760,242.40		$   3,885,802.95

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Compared to RC 12																				UKy-CAER CCS Compared to RC B12B																												Increase in CO2 removal System Cost from RC 12 to RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment and Materials Cost				Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)		We capture less CO2 than RC 12 because of the increase in turbine efficincy. RC B12B has a lower coal feed rate than RC 12.								$   27,794,000.00

		5B.1		CO2 Removal System		$   250,513		$   - 0		$   75,544		$   326,057		$   30,367		$   65,211		$   84,327		$   505,963		5B.1		CO2 Removal System		$   167,289		$   61,389		$   131,144		$   359,822		$   31,060		$   62,120		$   80,756		$   533,757		5B.1		CO2 Removal System		-0.33		1.00		0.74		0.10		0.02		-0.05		-0.04		0.05		5B.1		CO2 Removal System		$   118,774		$   - 0		$   83,132		$   201,906		$   17,364		$   34,930		$   45,227		$   299,426		5B.1		CO2 Removal System		$   102,605				$   73,836		$   185,086		$   15,917		$   32,020		$   41,459		$   274,482		Therefore our CCS capital costs should be reduced by the same reduction factor as the boiler cost to account for the difference in coal feeds between RC 12 and RC B12B.

		5B.2		CO2 Compression & Drying		$   48,646		$   - 0		$   18,072		$   66,717		$   6,228		$   - 0		$   14,589		$   87,534		5B.2		CO2 Compression & Drying		$   50,211		$   7,532		$   16,788		$   74,531		$   7,453		$   - 0		$   16,397		$   98,381		5B.2		CO2 Compression & Drying		0.03		1.00		-0.07		0.12		0.20		0.00		0.12		0.12		5B.2		CO2 Compression & Drying		$   40,573		$   - 0		$   16,013		$   56,586		$   5,286		$   - 0		$   12,374		$   74,246		5B.2		CO2 Compression & Drying		$   50,211		$   7,532		$   16,788		$   74,531		$   7,453		$   - 0		$   16,397		$   98,381		The CO2 Compresison and Drying costs are the same as RC B12B, they also regenerate at pressure.

				SUBTOTAL		$   299,159		$   - 0		$   93,615		$   392,774		$   36,595		$   65,211		$   98,916		$   593,497				SUBTOTAL		$   217,500		$   68,921		$   147,932		$   434,353		$   38,513		$   62,120		$   97,152		$   632,139				AVERAGE		-0.15		1.00		0.33		0.11		0.11		-0.02		0.04		0.09				SUBTOTAL		$   159,347		$   - 0		$   99,145		$   258,492		$   22,650		$   34,930		$   57,601		$   373,672				SUBTOTAL		$   160,348				$   90,624		$   259,617		$   23,370		$   32,020		$   57,856		$   372,863				$   (259,275,680.33)		$   (255,389,877.38)				Decrease in CO2 Removal System Cost from Uky-CAER CCS Compared to RC 12 to Uky-CAER CCS Compared to RC B12B

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B																												8%

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		7.3		Ductwork		$   11,169		$   - 0		$   7,050		$   18,219		$   1,539		$   - 0		$   2,964		$   22,722		7.3		Ductwork		$   11,042		$   - 0		$   6,970		$   18,013		$   1,801		$   - 0		$   2,972		$   22,786		7.3		Ductwork		-0.01		0.00		-0.01		-0.01		0.17		0.00		0.00		0.00		7.3		Ductwork		$   12,581		$   - 0		$   7,942		$   20,523		$   1,734		$   - 0		$   3,338		$   25,595		7.3		Ductwork		$   12,438		$   - 0		$   7,852		$   20,291		$   2,029		$   - 0		$   3,347		$   25,667

		7.4		Stack		$   10,097		$   - 0		$   5,868		$   15,965		$   1,499		$   - 0		$   1,746		$   19,210		7.4		Stack		$   9,983		$   - 0		$   5,801		$   15,784		$   1,578		$   - 0		$   1,736		$   19,099		7.4		Stack		-0.01		0.00		-0.01		-0.01		0.05		0.00		-0.01		-0.01		7.4		Stack		$   11,374		$   - 0		$   6,610		$   17,983		$   1,688		$   - 0		$   1,967		$   21,639		7.4		Stack		$   11,246		$   - 0		$   6,535		$   17,779		$   1,777		$   - 0		$   1,956		$   21,514

		7.9		Duct & Stack Foundations		$   - 0		$   1,101		$   1,307		$   2,408		$   225		$   - 0		$   527		$   3,159		7.9		Duct & Stack Foundations		$   - 0		$   1,088		$   1,292		$   2,380		$   238		$   - 0		$   524		$   3,142		7.9		Duct & Stack Foundations		0.00		-0.01		-0.01		-0.01		0.06		0.00		-0.01		-0.01		7.9		Duct & Stack Foundations		$   - 0		$   1,240		$   1,472		$   2,712		$   254		$   - 0		$   593		$   3,559		7.9		Duct & Stack Foundations		$   - 0		$   1,225		$   1,455		$   2,680		$   269		$   - 0		$   590		$   3,540

				SUBTOTAL		$   21,266		$   1,101		$   14,225		$   36,592		$   3,263		$   - 0		$   5,237		$   45,092				SUBTOTAL		$   21,025		$   1,088		$   14,064		$   36,177		$   3,618		$   - 0		$   5,232		$   45,027				AVERAGE		-0.01		-0.00		-0.01		-0.01		0.09		0.00		-0.00		-0.00				SUBTOTAL		$   23,955		$   1,240		$   16,024		$   41,218		$   3,676		$   - 0		$   5,898		$   50,793				SUBTOTAL		$   23,684		$   1,225		$   15,842		$   40,751		$   4,075		$   - 0		$   5,892		$   50,721				$   5,693,904.32		$   (249,695,973.06)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		8.1		Steam TG & Accessories		$   73,312		$   - 0		$   9,024		$   82,336		$   7,228		$   - 0		$   8,956		$   98,521		8.1		Steam TG & Accessories		$   79,100		$   - 0		$   8,815		$   87,915		$   8,791		$   - 0		$   9,671		$   106,377		8.1		Steam TG & Accessories		0.08		0.00		-0.02		0.07		0.22		0.00		0.08		0.08		8.1		Steam TG & Accessories		$   76,825				$   9,489		$   86,314		$   7,578				$   9,389		$   103,281		8.1		Steam TG & Accessories		$   82,890		$   - 0		$   9,269		$   92,163		$   9,217		$   - 0		$   10,139		$   111,517

		8.2		Turbine Plant Auxiliaries		$   461		$   - 0		$   981		$   1,442		$   138		$   - 0		$   158		$   1,738		8.2		Turbine Plant Auxiliaries		$   450		$   - 0		$   958		$   1,408		$   141		$   - 0		$   155		$   1,704		8.2		Turbine Plant Auxiliaries		-0.02		0.00		-0.02		-0.02		0.02		0.00		-0.02		-0.02		8.2		Turbine Plant Auxiliaries		$   487				$   1,036		$   1,523		$   146				$   167		$   1,835		8.2		Turbine Plant Auxiliaries		$   475		$   - 0		$   1,012		$   1,487		$   149		$   - 0		$   164		$   1,799

		8.3		Condenser & Auxiliaries		$   6,641		$   - 0		$   2,431		$   9,072		$   847		$   - 0		$   992		$   10,911		8.3		Condenser & Auxiliaries		$   6,997		$   - 0		$   2,374		$   9,370		$   937		$   - 0		$   1,031		$   11,338		8.3		Condenser & Auxiliaries		0.05		0.00		-0.02		0.03		0.11		0.00		0.04		0.04		8.3		Condenser & Auxiliaries		$   7,248				$   2,567		$   9,815		$   916				$   1,073		$   11,804		8.3		Condenser & Auxiliaries		$   7,637		$   - 0		$   2,507		$   10,137		$   1,013		$   - 0		$   1,115		$   12,266

		8.4		Steam Piping		$   28,525		$   - 0		$   12,674		$   41,199		$   3,158		$   - 0		$   6,653		$   51,010		8.4		Steam Piping		$   30,410		$   - 0		$   12,325		$   42,735		$   4,273		$   - 0		$   7,051		$   54,060		8.4		Steam Piping		0.07		0.00		-0.03		0.04		0.35		0.00		0.06		0.06		8.4		Steam Piping		$   28,525				$   12,674		$   41,199		$   3,158				$   6,653		$   51,010		8.4		Steam Piping		$   30,410		$   - 0		$   12,325		$   42,735		$   4,273		$   - 0		$   7,051		$   54,060

		8.9		TG Foundations		$   - 0		$   1,375		$   2,270		$   3,645		$   343		$   - 0		$   798		$   4,786		8.9		TG Foundations		$   - 0		$   1,342		$   2,217		$   3,559		$   356		$   - 0		$   783		$   4,698		8.9		TG Foundations		0.00		-0.02		-0.02		-0.02		0.04		0.00		-0.02		-0.02		8.9		TG Foundations		$   - 0		$   1,452		$   2,397		$   3,849		$   363				$   842		$   5,053		8.9		TG Foundations		$   - 0		$   1,417		$   2,341		$   3,758		$   377		$   - 0		$   826		$   4,960

				SUBTOTAL		$   108,939		$   1,375		$   27,379		$   137,694		$   11,714		$   - 0		$   17,557		$   166,965				SUBTOTAL		$   116,957		$   1,342		$   26,688		$   144,987		$   14,499		$   - 0		$   18,690		$   178,176				AVERAGE		0.03		-0.00		-0.02		0.02		0.15		0.00		0.03		0.03				SUBTOTAL		$   113,085		$   1,452		$   28,163		$   142,700		$   12,159		$   - 0		$   18,125		$   172,984				SUBTOTAL		$   121,412		$   1,417		$   27,454		$   150,280		$   15,029		$   - 0		$   19,295		$   184,602				$   6,425,699.77		$   (243,270,273.29)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		9.1		Cooling Towers		$   18,626		$   - 0		$   5,760		$   24,386		$   2,272		$   - 0		$   2,666		$   29,324		9.1		Cooling Towers		$   15,466		$   - 0		$   4,783		$   20,250		$   2,025		$   - 0		$   2,227		$   24,502		9.1		Cooling Towers		-0.17		0.00		-0.17		-0.17		-0.11		0.00		-0.16		-0.16		9.1		Cooling Towers		$   14,064				$   4,350		$   18,413		$   1,715				$   2,013		$   22,141		9.1		Cooling Towers		$   11,678		$   - 0		$   3,612		$   15,290		$   1,529		$   - 0		$   1,682		$   18,500

		9.2		Circulating Water Pumps		$   3,730		$   - 0		$   297		$   4,026		$   343		$   - 0		$   437		$   4,807		9.2		Circulating Water Pumps		$   3,102		$   - 0		$   228		$   3,330		$   333		$   - 0		$   366		$   4,030		9.2		Circulating Water Pumps		-0.17		0.00		-0.23		-0.17		-0.03		0.00		-0.16		-0.16		9.2		Circulating Water Pumps		$   2,823				$   199		$   3,022		$   257				$   328		$   3,607		9.2		Circulating Water Pumps		$   2,348		$   - 0		$   153		$   2,500		$   250		$   - 0		$   275		$   3,024

		9.3		Circulating Water System Auxiliaries		$   949		$   - 0		$   126		$   1,075		$   99		$   - 0		$   117		$   1,292		9.3		Circulating Water System Auxiliaries		$   811		$   - 0		$   107		$   918		$   92		$   - 0		$   101		$   1,111		9.3		Circulating Water System Auxiliaries		-0.15		0.00		-0.15		-0.15		-0.07		0.00		-0.14		-0.14		9.3		Circulating Water System Auxiliaries		$   748				$   99		$   847		$   78				$   92		$   1,017		9.3		Circulating Water System Auxiliaries		$   639		$   - 0		$   84		$   723		$   72		$   - 0		$   79		$   875

		9.4		Circulating Water Piping		$   - 0		$   7,999		$   7,244		$   15,242		$   1,349		$   - 0		$   2,489		$   19,080		9.4		Circulating Water Piping		$   - 0		$   6,831		$   6,186		$   13,016		$   1,302		$   - 0		$   2,148		$   16,466		9.4		Circulating Water Piping		0.00		-0.15		-0.15		-0.15		-0.03		0.00		-0.14		-0.14		9.4		Circulating Water Piping		$   - 0		$   6,300		$   5,705		$   12,004		$   1,063				$   1,960		$   15,027		9.4		Circulating Water Piping		$   - 0		$   5,380		$   4,872		$   10,251		$   1,026		$   - 0		$   1,691		$   12,968

		9.5		Make-up Water System		$   798		$   - 0		$   1,026		$   1,824		$   168		$   - 0		$   299		$   2,291		9.5		Make-up Water System		$   685		$   - 0		$   880		$   1,565		$   157		$   - 0		$   258		$   1,980		9.5		Make-up Water System		-0.14		0.00		-0.14		-0.14		-0.07		0.00		-0.14		-0.14		9.5		Make-up Water System		$   719				$   923		$   1,642		$   152				$   269		$   2,063		9.5		Make-up Water System		$   617		$   - 0		$   792		$   1,409		$   142		$   - 0		$   232		$   1,783

		9.6		Component cooling Water System		$   774		$   - 0		$   594		$   1,368		$   125		$   - 0		$   224		$   1,717		9.6		Component cooling Water System		$   661		$   - 0		$   507		$   1,168		$   117		$   - 0		$   193		$   1,478		9.6		Component cooling Water System		-0.15		0.00		-0.15		-0.15		-0.06		0.00		-0.14		-0.14		9.6		Component cooling Water System		$   610				$   468		$   1,078		$   98				$   176		$   1,352		9.6		Component cooling Water System		$   521		$   - 0		$   399		$   920		$   92		$   - 0		$   152		$   1,164

		9.9		Circulating Water Foundations & Structures		$   - 0		$   4,237		$   7,035		$   11,272		$   1,062		$   - 0		$   2,467		$   14,801		9.9		Circulating Water Foundations & Structures		$   - 0		$   3,613		$   5,999		$   9,612		$   961		$   - 0		$   2,115		$   12,688		9.9		Circulating Water Foundations & Structures		0.00		-0.15		-0.15		-0.15		-0.10		0.00		-0.14		-0.14		9.9		Circulating Water Foundations & Structures		$   - 0		$   3,330		$   5,530		$   8,860		$   835				$   1,939		$   11,633		9.9		Circulating Water Foundations & Structures		$   - 0		$   2,840		$   4,716		$   7,555		$   756		$   - 0		$   1,662		$   9,972

				SUBTOTAL		$   24,877		$   12,235		$   22,081		$   59,194		$   5,417		$   - 0		$   8,699		$   73,311				SUBTOTAL		$   20,725		$   10,443		$   18,691		$   49,860		$   4,986		$   - 0		$   7,408		$   62,254				AVERAGE		-0.11		-0.04		-0.16		-0.15		-0.07		0.00		-0.15		-0.15				SUBTOTAL		$   18,962		$   9,629		$   17,273		$   45,865		$   4,198		$   - 0		$   6,778		$   56,841				SUBTOTAL		$   15,803		$   8,220		$   14,628		$   38,648		$   3,866		$   - 0		$   5,773		$   48,286				$   (13,968,051.78)		$   (257,238,325.07)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		10.6		Ash Storage Silos		$   851		$   - 0		$   2,604		$   3,455		$   332		$   - 0		$   379		$   4,165		10.6		Ash Storage Silos		$   882		$   - 0		$   2,698		$   3,579		$   358		$   - 0		$   394		$   4,331		10.6		Ash Storage Silos		0.04		0.00		0.04		0.04		0.08		0.00		0.04		0.04		10.6		Ash Storage Silos		$   851		$   - 0		$   2,604		$   3,455		$   332		$   - 0		$   379		$   4,165		10.6		Ash Storage Silos		$   882		$   - 0		$   2,698		$   3,579		$   358		$   - 0		$   394		$   4,331

		10.7		Ash Transport & Feed Equipment		$   5,653		$   - 0		$   5,604		$   11,257		$   1,037		$   - 0		$   1,229		$   13,524		10.7		Ash Transport & Feed Equipment		$   5,856		$   - 0		$   5,806		$   11,662		$   1,166		$   - 0		$   1,283		$   14,111		10.7		Ash Transport & Feed Equipment		0.04		0.00		0.04		0.04		0.12		0.00		0.04		0.04		10.7		Ash Transport & Feed Equipment		$   5,653		$   - 0		$   5,604		$   11,257		$   1,037		$   - 0		$   1,229		$   13,524		10.7		Ash Transport & Feed Equipment		$   5,856		$   - 0		$   5,806		$   11,662		$   1,166		$   - 0		$   1,283		$   14,111

		10.9		Ash/Spent Sorbent Foundation		$   - 0		$   192		$   236		$   429		$   40		$   - 0		$   94		$   563		10.9		Ash/Spent Sorbent Foundation		$   - 0		$   199		$   245		$   444		$   44		$   - 0		$   98		$   586		10.9		Ash/Spent Sorbent Foundation		0.00		0.04		0.04		0.03		0.10		0.00		0.04		0.04		10.9		Ash/Spent Sorbent Foundation		$   - 0		$   192		$   236		$   429		$   40		$   - 0		$   94		$   563		10.9		Ash/Spent Sorbent Foundation		$   - 0		$   199		$   245		$   444		$   44		$   - 0		$   98		$   586

				SUBTOTAL		$   6,504		$   192		$   8,445		$   15,141		$   1,409		$   - 0		$   1,702		$   18,252				SUBTOTAL		$   6,738		$   199		$   8,748		$   15,685		$   1,569		$   - 0		$   1,774		$   19,028				AVERAGE		0.02		0.01		0.04		0.04		0.10		0.00		0.04		0.04				SUBTOTAL		$   6,504		$   192		$   8,445		$   15,141		$   1,409		$   - 0		$   1,702		$   18,252				SUBTOTAL		$   6,738		$   199		$   8,749		$   15,685		$   1,568		$   - 0		$   1,775		$   19,028				$   - 0		$   (257,238,325.07)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		11.1		Generator Equipment		$   2,100		$   - 0		$   336		$   2,436		$   218		$   - 0		$   199		$   2,854		11.1		Generator Equipment		$   2,061		$   - 0		$   329		$   2,390		$   239		$   - 0		$   197		$   2,826		11.1		Generator Equipment		-0.02		0.00		-0.02		-0.02		0.10		0.00		-0.01		-0.01		11.1		Generator Equipment		$   2,194		$   - 0		$   351		$   2,545		$   228		$   - 0		$   208		$   2,981		11.1		Generator Equipment		$   2,153		$   - 0		$   344		$   2,497		$   250		$   - 0		$   206		$   2,952

		11.2		Station Service Equipment		$   5,816		$   - 0		$   1,950		$   7,766		$   722		$   - 0		$   637		$   9,125		11.2		Station Service Equipment		$   5,290		$   - 0		$   1,773		$   7,063		$   706		$   - 0		$   583		$   8,352		11.2		Station Service Equipment		-0.09		0.00		-0.09		-0.09		-0.02		0.00		-0.08		-0.08		11.2		Station Service Equipment		$   5,445		$   - 0		$   1,826		$   7,271		$   676		$   - 0		$   596		$   8,543		11.2		Station Service Equipment		$   4,953		$   - 0		$   1,660		$   6,613		$   661		$   - 0		$   545		$   7,819

		11.3		Switchgear & Motor Control		$   6,676		$   - 0		$   1,160		$   7,836		$   725		$   - 0		$   856		$   9,416		11.3		Switchgear & Motor Control		$   6,072		$   - 0		$   1,055		$   7,126		$   713		$   - 0		$   784		$   8,623		11.3		Switchgear & Motor Control		-0.09		0.00		-0.09		-0.09		-0.02		0.00		-0.08		-0.08		11.3		Switchgear & Motor Control		$   6,250		$   - 0		$   1,086		$   7,336		$   678		$   - 0		$   801		$   8,816		11.3		Switchgear & Motor Control		$   5,685		$   - 0		$   988		$   6,671		$   667		$   - 0		$   734		$   8,074

		11.4		Conduit & Cable Tray		$   - 0		$   4,578		$   14,791		$   19,369		$   1,808		$   - 0		$   3,176		$   24,353		11.4		Conduit & Cable Tray		$   - 0		$   4,164		$   13,452		$   17,616		$   1,762		$   - 0		$   2,907		$   22,284		11.4		Conduit & Cable Tray		0.00		-0.09		-0.09		-0.09		-0.03		0.00		-0.08		-0.08		11.4		Conduit & Cable Tray		$   - 0		$   4,286		$   13,848		$   18,134		$   1,693		$   - 0		$   2,974		$   22,800		11.4		Conduit & Cable Tray		$   - 0		$   3,898		$   12,594		$   16,493		$   1,650		$   - 0		$   2,722		$   20,863

		11.5		Wire & Cable		$   - 0		$   8,717		$   15,582		$   24,299		$   1,951		$   - 0		$   3,937		$   30,187		11.5		Wire & Cable		$   - 0		$   7,928		$   14,171		$   22,100		$   2,210		$   - 0		$   3,646		$   27,956		11.5		Wire & Cable		0.00		-0.09		-0.09		-0.09		0.13		0.00		-0.07		-0.07		11.5		Wire & Cable		$   - 0		$   8,161		$   14,588		$   22,749		$   1,827		$   - 0		$   3,686		$   28,263		11.5		Wire & Cable		$   - 0		$   7,422		$   13,267		$   20,690		$   2,070		$   - 0		$   3,414		$   26,174

		11.6		Protective Equipment		$   306		$   - 0		$   1,063		$   1,370		$   131		$   - 0		$   150		$   1,652		11.6		Protective Equipment		$   306		$   - 0		$   1,063		$   1,370		$   137		$   - 0		$   151		$   1,658		11.6		Protective Equipment		0.00		0.00		0.00		0.00		0.05		0.00		0.01		0.00		11.6		Protective Equipment		$   293		$   - 0		$   1,017		$   1,310		$   126		$   - 0		$   144		$   1,579		11.6		Protective Equipment		$   293		$   - 0		$   1,017		$   1,310		$   132		$   - 0		$   145		$   1,585

		11.7		Standby Equipment		$   1,596		$   - 0		$   37		$   1,633		$   150		$   - 0		$   178		$   1,961		11.7		Standby Equipment		$   1,571		$   - 0		$   37		$   1,608		$   161		$   - 0		$   177		$   1,945		11.7		Standby Equipment		-0.02		0.00		0.00		-0.02		0.07		0.00		-0.01		-0.01		11.7		Standby Equipment		$   1,653		$   - 0		$   38		$   1,692		$   155		$   - 0		$   185		$   2,031		11.7		Standby Equipment		$   1,627		$   - 0		$   38		$   1,666		$   166		$   - 0		$   184		$   2,014

		11.8		Main Power Transformers		$   15,723		$   - 0		$   226		$   15,949		$   1,209		$   - 0		$   1,716		$   18,874		11.8		Main Power Transformers		$   14,769		$   - 0		$   221		$   14,990		$   1,499		$   - 0		$   1,649		$   18,138		11.8		Main Power Transformers		-0.06		0.00		-0.02		-0.06		0.24		0.00		-0.04		-0.04		11.8		Main Power Transformers		$   16,771		$   - 0		$   238		$   17,009		$   1,289		$   - 0		$   1,830		$   20,129		11.8		Main Power Transformers		$   15,753		$   - 0		$   233		$   15,986		$   1,598		$   - 0		$   1,759		$   19,344

		11.9		Electrical Foundations		$   - 0		$   394		$   1,002		$   1,396		$   132		$   - 0		$   306		$   1,834		11.9		Electrical Foundations		$   - 0		$   385		$   980		$   1,365		$   136		$   - 0		$   300		$   1,802		11.9		Electrical Foundations		0.00		-0.02		-0.02		-0.02		0.03		0.00		-0.02		-0.02		11.9		Electrical Foundations		$   - 0		$   415		$   1,056		$   1,471		$   139		$   - 0		$   322		$   1,932		11.9		Electrical Foundations		$   - 0		$   406		$   1,033		$   1,438		$   143		$   - 0		$   316		$   1,898

				SUBTOTAL		$   32,218		$   13,689		$   36,147		$   82,053		$   7,046		$   - 0		$   11,156		$   100,255				SUBTOTAL		$   30,069		$   12,477		$   33,082		$   75,628		$   7,563		$   - 0		$   10,394		$   93,584				AVERAGE		-0.03		-0.02		-0.05		-0.05		0.06		0.00		-0.04		-0.04				SUBTOTAL		$   32,607		$   12,862		$   34,047		$   79,517		$   6,811		$   - 0		$   10,746		$   97,073				SUBTOTAL		$   30,464		$   11,726		$   31,174		$   73,365		$   7,337		$   - 0		$   10,024		$   90,723				$   (2,860,761.83)		$   (260,099,086.90)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		12.6		Control Boards, Panels & Racks		$   605		$   - 0		$   370		$   975		$   91		$   49		$   167		$   1,282		12.6		Control Boards, Panels & Racks		$   611		$   373		$   - 0		$   984		$   98		$   49		$   170		$   1,301		12.6		Control Boards, Panels & Racks		0.01		0.00		-1.00		0.01		0.08		0.00		0.02		0.01		12.6		Control Boards, Panels & Racks		$   632		$   - 0		$   386		$   1,018		$   95		$   51		$   175		$   1,339		12.6		Control Boards, Panels & Racks		$   638		$   - 0		$   - 0		$   1,027		$   102		$   51		$   178		$   1,359

		12.7		Distributed Control Sys Equipment		$   6,110		$   - 0		$   1,090		$   7,199		$   665		$   360		$   822		$   9,046		12.7		Distributed Control Sys Equipment		$   6,164		$   1,099		$   - 0		$   7,263		$   726		$   363		$   835		$   9,188		12.7		Distributed Control Sys Equipment		0.01		0.00		-1.00		0.01		0.09		0.01		0.02		0.02		12.7		Distributed Control Sys Equipment		$   6,378		$   - 0		$   1,137		$   7,516		$   694		$   376		$   859		$   9,444		12.7		Distributed Control Sys Equipment		$   6,434		$   - 0		$   - 0		$   7,583		$   758		$   379		$   873		$   9,592

		12.8		Instrument Wiring & Tubing		$   3,684		$   - 0		$   6,704		$   10,388		$   842		$   519		$   1,762		$   13,511		12.8		Instrument Wiring & Tubing		$   3,717		$   6,763		$   - 0		$   10,480		$   1,048		$   524		$   1,808		$   13,860		12.8		Instrument Wiring & Tubing		0.01		0.00		-1.00		0.01		0.24		0.01		0.03		0.03		12.8		Instrument Wiring & Tubing		$   3,846		$   - 0		$   6,998		$   10,844		$   879		$   542		$   1,840		$   14,105		12.8		Instrument Wiring & Tubing		$   3,880		$   - 0		$   - 0		$   10,940		$   1,094		$   547		$   1,888		$   14,469

		12.9		Other I & C Equipment		$   1,726		$   - 0		$   3,997		$   5,724		$   547		$   286		$   656		$   7,213		12.9		Other I & C Equipment		$   1,742		$   4,033		$   - 0		$   5,775		$   577		$   289		$   664		$   7,305		12.9		Other I & C Equipment		0.01		0.00		-1.00		0.01		0.05		0.01		0.01		0.01		12.9		Other I & C Equipment		$   1,802		$   - 0		$   4,173		$   5,976		$   571		$   299		$   685		$   7,530		12.9		Other I & C Equipment		$   1,819		$   - 0		$   - 0		$   6,029		$   602		$   302		$   693		$   7,626

				SUBTOTAL		$   12,125		$   - 0		$   12,161		$   24,286		$   2,145		$   1,214		$   3,408		$   31,053				SUBTOTAL		$   12,233		$   12,268		$   - 0		$   24,502		$   2,448		$   1,225		$   3,477		$   31,654				AVERAGE		0.01		0.00		-1.00		0.01		0.12		0.01		0.02		0.02				SUBTOTAL		$   12,658		$   - 0		$   12,695		$   25,353		$   2,239		$   1,268		$   3,557		$   32,417				SUBTOTAL		$   12,772		$   - 0		$   - 0		$   25,579		$   2,556		$   1,279		$   3,632		$   33,046				$   1,392,479.15		$   (258,706,607.75)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		13.1		Site Preparation		$   - 0		$   63		$   1,336		$   1,399		$   136		$   - 0		$   307		$   1,843		13.1		Site Preparation		$   - 0		$   62		$   1,316		$   1,378		$   138		$   - 0		$   303		$   1,819		13.1		Site Preparation		0.00		-0.02		-0.01		-0.02		0.01		0.00		-0.01		-0.01		13.1		Site Preparation		$   - 0		$   65		$   1,385		$   1,450		$   141		$   - 0		$   318		$   1,909		13.1		Site Preparation		$   - 0		$   64		$   1,364		$   1,428		$   143		$   - 0		$   314		$   1,884

		13.2		Site Improvements		$   - 0		$   2,085		$   2,755		$   4,841		$   480		$   - 0		$   1,064		$   6,385		13.2		Site Improvements		$   - 0		$   2,053		$   2,713		$   4,766		$   477		$   - 0		$   1,049		$   6,291		13.2		Site Improvements		0.00		-0.02		-0.02		-0.02		-0.01		0.00		-0.01		-0.01		13.2		Site Improvements		$   - 0		$   2,161		$   2,855		$   5,015		$   498		$   - 0		$   1,103		$   6,616		13.2		Site Improvements		$   - 0		$   2,128		$   2,811		$   4,937		$   495		$   - 0		$   1,087		$   6,519

		13.3		Site Facilities		$   3,737		$   - 0		$   3,921		$   7,658		$   762		$   - 0		$   1,684		$   10,104		13.3		Site Facilities		$   3,680		$   - 0		$   3,860		$   7,540		$   754		$   - 0		$   1,659		$   9,953		13.3		Site Facilities		-0.02		0.00		-0.02		-0.02		-0.01		0.00		-0.01		-0.01		13.3		Site Facilities		$   3,872		$   - 0		$   4,062		$   7,934		$   790		$   - 0		$   1,745		$   10,468		13.3		Site Facilities		$   3,813		$   - 0		$   3,999		$   7,812		$   782		$   - 0		$   1,719		$   10,312

				SUBTOTAL		$   3,737		$   2,148		$   8,012		$   13,898		$   1,379		$   - 0		$   3,055		$   18,332				SUBTOTAL		$   3,680		$   2,115		$   7,889		$   13,684		$   1,368		$   - 0		$   3,010		$   18,063				AVERAGE		-0.01		-0.01		-0.02		-0.02		-0.00		0.00		-0.01		-0.01				SUBTOTAL		$   3,872		$   2,226		$   8,302		$   14,399		$   1,429		$   - 0		$   3,165		$   18,993				SUBTOTAL		$   3,813		$   2,192		$   8,175		$   14,177		$   1,420		$   - 0		$   3,120		$   18,714				$   651,299.92		$   (258,055,307.83)

		Case 12																				Case B12B																				Factor Between Cases 12 and  B12B																				UKy-CAER CCS Evaluated with RC 12																				UKy-CAER CCS Adjusted for RC B12B

				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)				Item/Description		Equipment Cost		Material Cost		Direct Labor		Bare Erected Cost ($)		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

		14.1		Boiler Building		$   - 0		$   10,604		$   9,319		$   19,923		$   1,753		$   - 0		$   3,251		$   24,928		14.1		Boiler Building		$   - 0		$   10,432		$   9,168		$   19,599		$   1,960		$   - 0		$   3,234		$   24,793		14.1		Boiler Building		0.00		-0.02		-0.02		-0.02		0.12		0.00		-0.01		-0.01		14.1		Boiler Building		$   - 0		$   11,009		$   9,675		$   20,684		$   1,820		$   - 0		$   3,376		$   25,880		14.1		Boiler Building		$   - 0		$   10,830		$   9,518		$   20,348		$   2,035		$   - 0		$   3,358		$   25,740

		14.2		Turbine Building		$   - 0		$   15,346		$   14,292		$   29,638		$   2,615		$   - 0		$   4,838		$   37,091		14.2		Turbine Building		$   - 0		$   15,048		$   14,015		$   29,063		$   2,906		$   - 0		$   4,795		$   36,765		14.2		Turbine Building		0.00		-0.02		-0.02		-0.02		0.11		0.00		-0.01		-0.01		14.2		Turbine Building		$   - 0		$   16,048		$   14,946		$   30,994		$   2,735		$   - 0		$   5,059		$   38,788		14.2		Turbine Building		$   - 0		$   15,736		$   14,656		$   30,393		$   3,039		$   - 0		$   5,014		$   38,447

		14.3		Administration Building		$   - 0		$   771		$   814		$   1,585		$   141		$   - 0		$   259		$   1,985		14.3		Administration Building		$   - 0		$   762		$   806		$   1,568		$   157		$   - 0		$   259		$   1,984		14.3		Administration Building		0.00		-0.01		-0.01		-0.01		0.11		0.00		0.00		-0.00		14.3		Administration Building		$   - 0		$   790		$   835		$   1,625		$   144		$   - 0		$   265		$   2,034		14.3		Administration Building		$   - 0		$   781		$   827		$   1,608		$   160		$   - 0		$   265		$   2,033

		14.4		Circulaiton Water Pumphouse		$   - 0		$   210		$   167		$   377		$   33		$   - 0		$   62		$   472		14.4		Circulaiton Water Pumphouse		$   - 0		$   208		$   165		$   373		$   37		$   - 0		$   62		$   472		14.4		Circulaiton Water Pumphouse		0.00		-0.01		-0.01		-0.01		0.12		0.00		0.00		0.00		14.4		Circulaiton Water Pumphouse		$   - 0		$   216		$   171		$   387		$   34		$   - 0		$   63		$   484		14.4		Circulaiton Water Pumphouse		$   - 0		$   214		$   169		$   383		$   38		$   - 0		$   63		$   484

		14.5		Water Treatment Buildings		$   - 0		$   1,063		$   969		$   2,032		$   179		$   - 0		$   332		$   2,543		14.5		Water Treatment Buildings		$   - 0		$   887		$   808		$   1,696		$   170		$   - 0		$   280		$   2,145		14.5		Water Treatment Buildings		0.00		-0.17		-0.17		-0.17		-0.05		0.00		-0.16		-0.16		14.5		Water Treatment Buildings		$   - 0		$   939		$   856		$   1,795		$   158		$   - 0		$   293		$   2,246		14.5		Water Treatment Buildings		$   - 0		$   784		$   714		$   1,498		$   150		$   - 0		$   247		$   1,894

		14.6		Machine Shop		$   - 0		$   515		$   346		$   862		$   75		$   - 0		$   140		$   1,077		14.6		Machine Shop		$   - 0		$   510		$   342		$   852		$   85		$   - 0		$   141		$   1,078		14.6		Machine Shop		0.00		-0.01		-0.01		-0.01		0.13		0.00		0.01		0.00		14.6		Machine Shop		$   - 0		$   528		$   355		$   883		$   77		$   - 0		$   144		$   1,104		14.6		Machine Shop		$   - 0		$   523		$   351		$   873		$   87		$   - 0		$   145		$   1,105

		14.7		Warehouse		$   - 0		$   349		$   350		$   699		$   62		$   - 0		$   114		$   876		14.7		Warehouse		$   - 0		$   346		$   346		$   692		$   69		$   - 0		$   114		$   875		14.7		Warehouse		0.00		-0.01		-0.01		-0.01		0.11		0.00		0.00		-0.00		14.7		Warehouse		$   - 0		$   358		$   359		$   717		$   63		$   - 0		$   117		$   897		14.7		Warehouse		$   - 0		$   355		$   355		$   710		$   70		$   - 0		$   117		$   896

		14.8		Other Building & Structures		$   - 0		$   285		$   243		$   528		$   46		$   - 0		$   86		$   661		14.8		Other Building & Structures		$   - 0		$   282		$   240		$   523		$   52		$   - 0		$   86		$   661		14.8		Other Building & Structures		0.00		-0.01		-0.01		-0.01		0.13		0.00		0.00		0.00		14.8		Other Building & Structures		$   - 0		$   292		$   249		$   541		$   48		$   - 0		$   88		$   677		14.8		Other Building & Structures		$   - 0		$   289		$   246		$   536		$   54		$   - 0		$   88		$   677

		14.9		Waste Treating Building & Structure		$   - 0		$   547		$   1,657		$   2,204		$   205		$   - 0		$   361		$   2,770		14.9		Waste Treating Building & Structure		$   - 0		$   541		$   1,639		$   2,180		$   218		$   - 0		$   360		$   2,758		14.9		Waste Treating Building & Structure		0.00		-0.01		-0.01		-0.01		0.06		0.00		-0.00		-0.00		14.9		Waste Treating Building & Structure		$   - 0		$   560		$   1,699		$   2,259		$   210		$   - 0		$   370		$   2,839		14.9		Waste Treating Building & Structure		$   - 0		$   554		$   1,681		$   2,234		$   223		$   - 0		$   369		$   2,827

				SUBTOTAL		$   - 0		$   29,691		$   28,158		$   57,849		$   5,109		$   - 0		$   9,444		$   72,402				SUBTOTAL		$   - 0		$   29,016		$   27,530		$   56,547		$   5,655		$   - 0		$   9,330		$   71,531				AVERAGE		0.00		-0.03		-0.03		-0.03		0.09		0.00		-0.02		-0.02				SUBTOTAL		$   - 0		$   30,740		$   29,144		$   59,884		$   5,289		$   - 0		$   9,776		$   74,949				SUBTOTAL		$   - 0		$   30,066		$   28,516		$   58,582		$   5,858		$   - 0		$   9,666		$   74,103				$   2,572,089.48		$   (255,483,218.35)

				TOTAL		$   969,114		$   67,569		$   472,617		$   1,505,300		$   138,644		$   66,426		$   245,029		$   1,959,399				TOTAL		$   856,131		$   145,454		$   492,993		$   1,494,582		$   144,535		$   63,345		$   236,678		$   1,939,143																								TOTAL		$   831,720		$   65,488		$   475,597		$   1,372,805		$   124,468		$   36,198		$   202,959		$   1,748,965				TOTAL		$   804,638		$   62,638		$   434,326		$   1,323,047		$   129,715		$   33,299		$   197,604		$   1,683,660				$   (255,483,218.35)

																																																																				$   65,488

																																																																																		UKy-CAER CCS Compared to RC B12B, Constant Net Power Output

																																																																																				Item/Description								Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies		Project Contingencies		Total Plant Cost ($/1000)

																																																																																		5B.1		CO2 Removal System								$   180,047.82		$   15,541.81		$   31,083.62		$   40,408.71		$   267,081.96

																																																																																		5B.2		CO2 Compression and Drying								$   72,468.93		$   7,246.80		$   - 0		$   15,943.34		$   95,659.06

																																																																																				SUBTOTAL								$   252,516.75		$   22,788.61		$   31,083.62		$   56,351.05		$   362,742.02





Cost Summary

				RC 11		RC12		RC B12A		RC B12B		2016 TEA Compared to RC12		2017 Updated Estimates Compared to RC12		Estimate Compared to RC B12B Constant Coal Feed Rate		Comments for Estimate Compared to RC B12B Constant Coal Feed Rate				Estimate Compared to RC B12B Constant Net Power Output								RC B12A		RC B12B		UKy-CAER CCS Constant Coal Feed Rate Compared to RC B12B		UKy-CAER CCS Constant Net Power Output Compared to RC B12B

		Net Power, MWe		550		550		550		550		618.7		624.7		576		USE 2017 proposal 636 shorter columns, exergy loss and split rich feed, 2.1 GJ/tonne CO2 captured				550						Net Power, MWe		550		550		576		550

		CO2 Captured (lb/MWh)		NA		2197		NA		1926		1923		1897		1839												Total Plant Cost (2011 $/kW)		2026		3524		2924		ERROR:#REF!

		CO2 Captured (lb/h)		NA		1208350		NA		1059192		1,189,760				1,059,192		we capture same CO2 as B12B				1,011,577						Total Overnight Cost (2011$/kW)		2507		4333		3617		3660

		CO2 Product Stream (lb/hr)				1,209,902				1,059,192		1,198,320				1,059,192		assume same purity at B12B				1,011,577						Total As-Spent Cost (2011$/kW)		2842		4940		4123		4173

		CO2 Product Stream purity (%)				99.85				99.97		98.80				99.97						99.97						COE ($/MWh, 2011$) (including T&S)		82.3		142.8		124.07		125.19

		CO2 Captured (lb/hr) based on CO2 Product Stream and Purity				1,208,087				1,058,874		1,183,940				1,058,874						1,011,274						COE ($/MWh, 2011$) (excluding T&S)		82.3		133.2		114.90		116.85

						2,196.52																						Cost of CO2 Captured ($/tonne CO2) (including T&S)		NA		67.8		50.07		51.43

		CO2 Emitted (lb/MWh net)		1768		244		1705		214		249																Cost of CO2 Captured ($/tonne CO2) (excluding T&S)		NA		58.2		39.08		41.43

		Total Plant Cost (2011 $/kW) 				3563		2026		3524		2827				2924						ERROR:#REF!

		Bare Erected Cost						1646		2716		2354				2298						ERROR:#REF!

		Home Office Expenses						165		263		216				225						ERROR:#REF!

		Project Contingency						216		430		374				343						ERROR:#REF!

		Process Contingency						0		115		94				58						ERROR:#REF!

		Owner's Costs						480		809		715				693						683

		Total Overnight Cost (2011$/kW)				4391		2507		4333		3754		3352		3617						3660

		Total Overnight Cost (2011$) *1000				2415050		1378850		2383150		2322599.8				2082557						2013211

		Total As-Spent Cost (2011$/kW)				5005		2842		4940		4279		3858		4123						4173

		COE ($/MWh, 2011$) (including T&S)		$   80.94		$   147.27		82.3		142.8		127.71		119.07		124.07		0.1311383619				125.19

		COE ($/MWh, 2011$) (excluding T&S)		$   80.94		$   137.28		82.3		133.2		118.97		110.66		114.90						116.85						1369.9

		CO2 TS&M Costs		$   - 0		$   9.99		$   - 0		$   9.60		$   8.74		$   8.41		$   9.17		if we capture same amount of CO2, then should be same but divided by different Net Power				$   8.34

		Fuel Costs		$   25.52		$   35.29		$   24.60		$   30.90		$   31.37		$   30.17		$   29.51		if we burn same amount of coal, then shoule be same but divided by different Net Power				$   29.48

		Variable Costs		$   7.74		$   13.21		$   9.10		$   14.70		$   11.54		$   11.39		$   12.27		adjusted 2017 estimate by the TOC ratio				$   12.44												0.3157894737

		Fixed Costs		$   9.48		$   15.66		$   9.60		$   15.40		$   13.55		$   12.55		$   12.85		adjusted 2017 estimate by the TOC ratio				$   13.00

		Capital Costs		$   38.20		$   73.12		$   39.00		$   72.20		$   62.51		$   56.54		$   60.26		adjusted 2017 estimate by the TOC ratio				$   61.92

		Reduction from RC 12						2%		-3%		-13%		-19%		-13%		reduction from RC B12B				-12%

		LCOE (2011$/MWh) (including T&S)										161.93				157.32

		Cost of CO2 Captured ($/tonne CO2)						NA		67.8		53.61		44.28		50.07						51.43

		Cost of CO2 Captured ($/tonne CO2) (excluding T&S)						NA		58.2				34.51		39.08		0.328592558				41.43

		Cost of CO2 Avoided ($/tonne CO2)		NA		95.96		NA		89.4		67.86										61.60

																		LCOE=LCOECOE

																-0.0341783202		LCOE used by EPRI in 2016 TEA =		1.2679508261

		Total Overnight Cost (2010$x1,000)																		555.0086108126

		TASC, % of TOC						1.14		* TASC Muliplier = 1.14, p. 36 of Updated Costs (June 2011 Basis)										0.0633571474

		Owner's Costs, % of TPC						0.2369200395

		Home Office Expenses, % of TPC						0.0814412636

		Hours per Year						8760										1.1323069581

		MWh, net  in Year						4818000

		(MWh, net)*CF = MWh*0.85						4095300















		First Year Capital Costs (2011$/MWh)

		Possible Scaling Ratios for Variable Costs, Fixed Costs and Capital Costs

				RC 12		2017 Estimate		Scaling Factor		RC B12B

		Coal Feed Rate (lb/hr)		565820		565820		1		495578

		Total Plant Cost ($/kW)		3563		2731		0.7664889138		3524

		Total Overnight Cost ($/kW)		4391		3352		0.7633796402		4333

		Bare Erect Cost ($/kW)		2744		2139		0.7795189504		2716

		Net Power		550		624.7		1.1358181818		550

		Total Overnight Cost ($)		2415050		2322599.8		0.9617191362		2383150

		New Variable Cost		2017 Variable Cost

		New TOC ($/kW)		2017 TOC ($/kW)





COE UKY and RC 12



TS	&	M Cost	

0	9.99	8.74	8.41	Fuel Cost	

25.52	35.29	31.37	30.17	Variable Cost	

7.74	13.21	11.54	11.39	Fixed Cost	

9.48	15.66	13.55	12.55	Capital Cost	

38.200000000000003	73.12	62.51	56.54	

Cost of Electricity ($/MWh)











COE RC 12 and RC B12B



TS	&	M Cost	

0	9.99	0	9.6	Fuel Cost	

25.52	35.29	24.6	30.9	Variable Cost	

7.74	13.21	9.1	14.7	Fixed Cost	

9.48	15.66	9.6	15.4	Capital Cost	

38.200000000000003	73.12	39	72.2	

Cost of Electricity ($/MWh)











COE UKY Const Coal Feed &RCB12B



CO2 T	&	S Cost	

0	9.6	9.1696366821032775	Fuel Costs	

24.6	30.9	29.514768070519921	Variable Costs	

9.1	14.7	12.269978948742585	Fixed Costs	

9.6	15.4	12.854263660587472	Capital Costs	

39	72.2	60.264794564572433	Cost of Electricity ($/MWh)











COE UKY Const MWe & RCB12B (2)



CO2 T	&	S	

0	9.6	8.3399144043643449	Fuel Cost	

24.6	30.9	29.484899529332278	Variable Cost	

9.1	14.7	12.441924628614503	Fixed Cost	

9.6	15.4	13.004093591733065	Capital Cost	

39	72.2	61.919746330826008	Cost of Electricity ($/MWh)











COE UKY Const MWe & RCB12B



CO2 T	&	S	

0	9.6	8.3399144043643449	Fuel Cost	

24.6	30.9	29.484899529332278	Variable Cost	

9.1	14.7	12.441924628614503	Fixed Cost	

9.6	15.4	13.004093591733065	Capital Cost	

39	72.2	61.919746330826008	Cost of Electricity ($/MWh)











All COE



CO2 T	&	S	

0	9.99	0	9.6	8.74	8.41	9.1696366821032775	8.3399144043643449	Fuel Cost	

25.52	35.29	24.6	30.9	31.37	30.17	29.514768070519921	29.484899529332278	Variable Cost	

7.74	13.21	9.1	14.7	11.54	11.39	12.269978948742585	12.441924628614503	Fixed Cost	

9.48	15.66	9.6	15.4	13.55	12.55	12.854263660587472	13.004093591733065	Capital Cost	

38.200000000000003	73.12	39	72.2	62.51	56.54	60.264794564572433	61.919746330826008	

Cost of Electricity ($/kW)











Gross Power vs CO2 Cap Eff_B12B

																																						Heather's Calcs!

		Using the regression equation generated in Spreadsheet "Sum"																						KL's calcs!														From RC B12B Stream Tables, pages 138-141

		90% Capture																						Coal Feeding Rate (lb/hr):						495578								Stream		RC B12B

		Gt/tonne		0		1.8		2		2.1		2.4		2.48										Specific Reboiler Duty (Btu/lb CO2):								1068				0.0018240319		29		Reclaimer Steam Supply

		Gross MWe (CAER)		727.6		671.8		665.6		662.5		653.2		650.7										Stream 29 and 30, 31 and 32 in Page 145																3379		lb/hr

		Gross Mwe		727.6		665.5		658.6		655.1		644.8		642.0		642 Mwe is from performance table p.142												GJ/ton				2.48								1311.2		BTU/lb

																use same efficiency as B12A to calculate the Gross Mwe at 0 CO2 capture and same coal feed rate as B12B																						30		Reclaimer Condensate Return

																								Total CO2 Product Flow (lb/hr)						1059192										3379		lb/hr

																														99.97%										396.1		BTU/lb

																																						31		Reboiler Steam Supply

																				byFWH																				1111084		lb/hr

																				gain = 3.5*GJ/t																				1289.8		BTU/lb

																				GJ/t		Gain																32		Reboiler Condensate Return

																				5		17.5		Coal Feed Rate Reduction from RC 12 to B12B ('b/hr)																1111147		lb/hr

																				4		14.0		70242																273.4		BTU/lb

																				3.5		12.3																28		CO2 Product 

																				3		10.5																		1059192		lb/hr

																				2.5		8.8																		100%		Purity

																				2.4		8.4																		1058874.2424		lb/hr CO2 Captured

																				2.1		7.4

																				2		7.0																		Solvent Regeneration Energy

																				1.5		5.7																		dH Reclaimer Steam * Reclaimer Flow + (H Reboiler Steam * Reboiler Steam Flow) - (H Reboiler Condensate * Reboiler Condensate Flow)

																																								-1126196430.5		BTU

																				this accunts for the exergy minimization scheme, 																				-1063.5790213835		BTU/lb CO2 Captured

																				lowered the gain from 3.8 to 3.5 just as a safety factor since we din't do another aspen simulation																				-2.4738848037		GJ/tonne CO2 Captured

																																						33		Stack Emissions

																																								0.0163		CO2 mole fraction

																																								164410		total flow lb mol/hr

																																								2679.883		CO2 flow lb/hr

																																								117700

																																								0.9974755098











Steam Extraction with CAER FWH Configuration	0	1.8	2	2.1	2.4	2.48	727.5865263648169	671.78019999999992	665.57799999999997	662.4769	653.17359999999996	650.67999999999995	Conventional Steam Extraction	0	1.8	2	2.1	2.4	2.48	727.5865263648169	665.48019999999997	658.57799999999997	655.12689999999998	644.77359999999999	642	GJ/tCO2





Power, MW











Gross Power vs CO2 Cap Eff_RC12

														Specific Reboiler Duty (Btu/lb CO2):								1540		Page 443																Heather's Calcs!

		Using the regression equation generated in Spreadsheet "Sum"												Coal Feeding Rate (lb/hr)						565820						The effect of capture efficiency on power generation														From RC 12 Stream Tables, pages 410-412

		90% Capture												CO2 Captured (lb/hr)						1209902						1.9 GJ/tonne CO2														Stream		RC B12B

		Gt/tonne		0		1.8		2		2.1		2.4		2.5		3		3.5		3.8						Capture Rate						70		80						22		Reboiler Steam Supply

		Gross MWe (CAER)		801.9		742.7		736.1		732.8		723.0		719.7		703.2		686.8		676.9						Gross Power (CAER)						753.3										1784175		lb/hr

		Gross Mwe		801.9		735.8		728.5		724.8		713.8		710.1		691.8		673.4		662.4																						1309.2		BTU/lb

																										2.0 GJ/tonne CO2														23		Reboiler Condensate Return

																										Capture Rate								80								178475		lb/hr

																										Gross Power (CAER)								743.4								273.6		BTU/lb

																																								21		CO2 Product 

																				byFWH						2.1 GJ/tonne CO2																1209902		lb/hr

																				gain = 3.8*GJ/t						Capture Rate		45		60		70		80		90						99.85%		Purity

																				GJ/t		Gain				Gross Power (CAER)		767.4		755.8		748.2		740.5		732.8						1208087.147		lb/hr CO2 Captured

																				5		19.0

																				4		15.2				3.0 GJ/tonne CO2																Solvent Regeneration Energy

																				3.5		13.3				Capture Rate		45		60		70		80		90						dH Reclaimeoiler Steam * Reclaimer Flow

																				3		11.4				Gross Power (CAER)		752.6		736.1		725.1		714.2		703.2						1847691630		BTU

																				2.5		9.5																				1529.4357154517		BTU/lb CO2 Captured

																				2.4		9.12				3.5 GJ/tonne CO2																3.5574674741		GJ/tonne CO2 Captured

																				2		7.6				Capture Rate		45		60		70		80		90

																				1.5		5.7				Gross Power (CAER)		744.3		725.1		712.4		699.6		686.8

		The effect of capture efficiency on power 

		80% Capture

		Gt/tonne		0		1.8		2		2.1				2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		749.3		743.4		740.5				728.8		714.2		699.6		690.8

		70% Capture

		Gt/tonne		0		1.9		2		2.1				2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		753.3		750.7		748.2				737.9		725.1		712.4		704.7

		60% Capture

		Gt/tonne		0		1.8		2		2.1				2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		762.4		758.0		755.8				747.1		736.1		725.1		718.6

		45% Capture

		Gt/tonne		0		1.8		2		2.1				2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		772.3		769.0		767.4				760.8		752.6		744.3		739.4



Steam Extraction with CAER FWH Configuration	0	1.8	2	2.1	2.4	2.5	3	3.5	3.8	801.9	742.69079999999997	736.11199999999997	732.82259999999997	722.95439999999996	719.66499999999996	703.21799999999996	686.77099999999996	676.90279999999996	Conventional Steam Extraction	0	1.8	2	2.1	2.4	2.5	3	3.5	3.8	801.9	735.81119999999999	728.46799999999996	724.79639999999995	713.78160000000003	710.11	691.75199999999995	673.39400000000001	662.37919999999997	GJ/tCO2





Power, MW











CCS Capital Costs

				From TEA Performed under DE-FE0026497 Equipment List  with Columns Oversized										Adjusted for Smaller Column Heights and Lower Pressure Drops
(Changes Shown in Bold)

		Equipment Number		Description		Quantity		Equipment and Materials Cost
($)		Labor Cost
($)		Bare Erect Cost ($)		Equipment and Materials Cost
($)		Labor Cost
($)		Bare Erect Cost ($)		Bare Erect Cost  Difference with Smaller Columns				Notes

		1		Pre-treatment Tower		2 op		$   6,073,043.85		$   4,858,435.08		$   10,931,478.93		$   3,947,478.50		$   3,157,982.80		$   7,105,461.31		35%		$   3,947,478.50		0.65 scaling factor applied = [(packing height reduction ratio) + SQRT (packing height reduction ratio)] / 2

		2		CO2 Absorber 		2 op		$   48,583,511.59		$   32,389,007.72		$   80,972,519.31		$   31,579,282.53		$   21,052,855.02		$   52,632,137.55		35%				0.65 scaling factor applied = [(packing height reduction ratio) + SQRT (packing height reduction ratio)] / 2

		3		Primary Stripper		2 op		$   17,343,192.33		$   10,486,581.41		$   27,829,773.74		$   11,273,075.02		$   6,816,277.92		$   18,089,352.93		35%				0.65 scaling factor applied = [(packing height reduction ratio) + SQRT (packing height reduction ratio)] / 2

		4		Reclaimer		1 op		$   1,648,333.33		$   1,318,666.67		$   2,967,000.00		$   1,236,250.00		$   989,000.00		$   2,225,250.00		25%		$   1,236,250.00		0.75 scaling factor applied

		5		Air Stripper		2 op		$   16,549,871.33		$   11,033,247.56		$   27,583,118.89		$   10,757,416.37		$   7,171,610.91		$   17,929,027.28		35%				0.65 scaling factor applied = [(packing height reduction ratio) + SQRT (packing height reduction ratio)] / 2

		6		Reboiler		2 op		$   6,301,601.83		$   4,201,067.89		$   10,502,669.72		$   4,096,041.19		$   2,730,694.13		$   6,826,735.32		35%

		7		Lean/Rich Exchanger		2 op		$   5,509,180.47		$   3,505,842.11		$   9,015,022.58		$   5,509,180.47		$   3,505,842.11		$   9,015,022.58		0%

		8		Recycle Air Cooler #1		2 op		$   3,086,906.50		$   2,057,937.66		$   5,144,844.16		$   3,086,906.50		$   2,057,937.66		$   5,144,844.16		0%

		9		CO2 Cond #3		2 op		$   1,924,047.86		$   1,282,698.57		$   3,206,746.43		$   1,250,631.11		$   833,754.07		$   2,084,385.18		35%		$   1,154,428.72		0.65 scaling factor applied

		10		CO2 Condenser #4		2 op		$   202,942.55		$   135,295.03		$   338,237.58		$   202,942.55		$   135,295.03		$   338,237.58		0%

		11		Absorber Intercooler		2 op		$   2,701,219.38		$   1,800,812.92		$   4,502,032.29		$   2,160,975.50		$   1,440,650.33		$   3,601,625.83		20%		$   2,160,975.50		0.8 scaling factor applied

		12		Lean Cooler		2 op		$   1,992,470.30		$   1,328,313.53		$   3,320,783.83		$   1,992,470.30		$   1,328,313.53		$   3,320,783.83		0%

		13		Recycle Air Cooler #2		2 op		$   536,045.67		$   357,363.78		$   893,409.45		$   536,045.67		$   357,363.78		$   893,409.45		0%

		14		DCC Cooler		1 op		$   1,085,211.21		$   723,474.14		$   1,808,685.35		$   1,085,211.21		$   723,474.14		$   1,808,685.35		0%

		15		Lean Solution Pump		2 op & 2 spare		$   4,564,659.63		$   4,564,659.63		$   9,129,319.27		$   3,195,261.74

Nikolic, Heather: Nikolic, Heather:
The factor of 0.7 is applied to account for a shorter absorber column which reduces the hydraulic head requirement for this pump		$   3,195,261.74		$   6,390,523.49		30%		$   3,195,261.74		0.7 scaling factor applied

		16		Rich Solution Pump		2 op & 2 spare		$   7,200,561.07		$   7,200,561.07		$   14,401,122.13		$   7,200,561.07		$   7,200,561.07		$   14,401,122.13		0%

		17		Primary Stripper Pump		2 op & 2 spare		$   4,436,329.41		$   4,436,329.41		$   8,872,658.83		$   3,105,430.59

Nikolic, Heather: Nikolic, Heather:
The factor of 0.7 is applied to account for a shorter secondary stripper column
 which reduces the hydraulic head requirement for this pump		$   3,105,430.59		$   6,210,861.18		30%		$   3,105,430.59		0.7 scaling factor applied

		18		Soda Ash Injection Pump		1 op  & 1 spare		small pump, not included in estimate						small pump, not included in estimate

		19		Intercooler Pump		2 op & 1 spare		$   3,919,149.67		$   3,919,149.67		$   7,838,299.34		$   2,743,404.77

Nikolic, Heather: Nikolic, Heather:
The factor of 0.7 is applied to account for a shorter absorber column which reduces the hydraulic head requirement for this pump		$   2,743,404.77		$   5,486,809.54		30%		$   2,743,404.77		0.7 scaling factor applied

		20		Solvent Make-up Pump		1 op  & 1 spare		$   173,600.00		$   173,600.00		$   347,200.00		$   173,600.00		$   173,600.00		$   347,200.00		0%

		21		DCC Pump		1 op  & 1 spare		$   3,292,828.47		$   3,292,828.47		$   6,585,656.95		$   2,304,979.93

Nikolic, Heather: Nikolic, Heather:
The factor of 0.7 is applied to account for a shorter DCC which reduces the hydraulic head requirement for this pump		$   2,304,979.93		$   4,609,959.86		30%		$   2,304,979.93		0.7 scaling factor applied

		22		ID Fan		2 op		$   6,524,033.38		$   3,262,016.69		$   9,786,050.07		$   4,893,025.03

Nikolic, Heather: Nikolic, Heather:
The factor of 0.75 is applied to account for a shorter pretreatment and absorber columns which reduces the pressure drop requirement for this blower		$   2,446,512.52		$   7,339,537.55		25%				0.75 scaling factor applied

		23		Air Stripper Blower		2 op		$   1,069,765.75		$   534,882.87		$   1,604,648.62		$   802,324.31

Nikolic, Heather: Nikolic, Heather:
The factor of 0.75 is applied to account for a shorter pretreatment and absorber columns which reduces the pressure drop requirement for this blower		$   401,162.15		$   1,203,486.46		25%				0.75 scaling factor applied

		24		CO2 Compression and Drying		2 op		Listed separately on cost estimate

				Total				$   153,847,824.84		$   111,992,091.17		$   265,839,916.01		$   103,132,494.35		$   73,871,964.22		$   177,004,458.57		33%

				Allowance for Interconnections				$   13,122,379.48		$   6,674,403.11		$   19,796,782.59		$   8,796,638.68		$   6,674,403.11		$   15,471,041.79		22%

				Grand Total				$   166,970,204.32		$   118,666,494.27		$   285,636,698.60		$   111,929,133.03		$   80,546,367.33		$   192,475,500.36		33%

																		$   93,161,198.24		Bare Erect Cost Reduction

												Equipment Related to Secondary Air Stripper

												Air Stripper		$   10,757,416.4		$   7,171,610.91		$   17,929,027.3

												Lean Solution pump		$   3,195,261.74		$   3,195,261.74		$   6,390,523.49

												Recycle Air Cooler 1		$   3,086,906.50		$   2,057,937.66		$   5,144,844.16

												Recycle Air Cooler 2		$   536,045.67		$   357,363.78		$   893,409.45

												Air Stripper Blower		$   802,324.31		$   401,162.15		$   1,203,486.46

												TOTAL						$   31,561,290.8

												Percent of Total Capital Costs						18%





CCS Bare Erect Cost Estimate

																								The air stripper, blower, condenser and pump are only 23% of the total equipment cost which is ~$44M.

																								37,515,402																																										Calc of Eng'g CM H.O. & Fee from p. 156 of Cost and Performance Baseline for Fossil Energy Plants Vol 1a Rev 3, Reference Case 12 B, CO2 Removal System Line 5B.1		0.0863204584		% of Bare Erected Cost		Assumption validaed by: p. 41 of Cost and Performance Baseline for Fossil Energy Plants Vol 1a Rev 3, Reference Case 12 B, "Engineering and Construction Management are estimated at 8-10 percent of BEC"

																								0.2060055277																																										Calc of Process Contingency from p. 156 of Cost and Performance Baseline for Fossil Energy Plants Vol 1a Rev 3, Reference Case 12 B, CO2 Removal System Line 5B.1		0.1726409169		% of Bare Erected Cost		This is low based on p. 14 of 2011 Power Plant Cost Esimation Methodology Quality Guildelines for Energy System Studies, which indicated 20-35% of Process Capital

																																																																		Calc of Project Contingency from p. 156 of Cost and Performance Baseline for Fossil Energy Plants Vol 1a Rev 3, Reference Case 12 B, CO2 Removal System Line 5B.1		0.224433192		% of Bare Erected Cost

																																		1.9333333333																																Verification of Total Plant Cost from p. 156 of Cost and Performance Baseline for Fossil Energy Plants Vol 1a Rev 3, Reference Case 12 B, CO2 Removal System Line 5B.1		533758		$		Total Plant Cost = (Bare Erected Cost) + (Eng'g CM H.O. & Fee) + (Process Contingencies) + (Project Contingencies)

				Breakdown of Bare Erect Cost for University of Kentucky
Post-Combustion CO2 Capture Study																														0.5084745763		0.7130740328																														Verification of Total Plant Cost from p. 156 of Cost and Performance Baseline for Fossil Energy Plants Vol 1a Rev 3, Reference Case 12 B, CO2 Removal System Line 5B.1		970.4690909091		$/MW		Reference Case is 550 MW net

				9/23/2016, University of Kentucky Post-Combustion CO2 Capture Study, Supercritical PC w/ CO2 Capture - UKy Advanced Catalytic Solvent, WorleyParsons																						9/12/2017, Cost Estimate with Changes Shown in Bold																																										Material and Equipment Cost		Labor Cost		Bare Erected Cost		Eng'g CM H.O. & Fee		Process Contingencies
		Project Contingencies
		Total Plant Cost ($)		Net Power (MWe)		Electricity Generated (MWh)

Kunlei Liu: Kunlei Liu:
0.85 is capacity factor
		Total Plant Cost ($/kW)		Total Plant Cost ($/MWh)		Bare Erect Cost ($/kW)		Process Contingencies ($/kW)		Project Contingencies ($/kW)

				Equipment Number		Description		Type		Design Sizing and Condition		Quantity		Equipment and Materials Cost ($)		Labor Cost ($)		Bare Erect Cost ($)		Bare Erect Cost ($/kW)		Percent Contribution to the Total		Equipment Number		Description		Type		New Packing Height (ft)		Scaling Factor

Kunlei Liu: Kunlei Liu:
0.65 is the value selected between the packing ratio reduction and its square root, but more close to square root		New Column Height (ft)		New Column Pressure Drop (psi)		New Fan Discharge Pressure (psig)		New Fan Pressure Difference (psi)		New Fan Power (kW)		Change in Fan Power (kW)		Design Sizing and Condition		Quantity		Equipment and Materials Cost ($)		Labor Cost ($)		Bare Erect Cost ($)		Bare Erect Cost ($/kW)		Percent Contribution to the Total		Percent Change				1		Coal & Sorbent Handling		$   30,647,000.00		$   14,398,000.00		$   45,045,000.00		$   3,950,000.00		$   - 0		$   7,379,000.00		$   56,374,000.00		636.87		4742109.91		$   88.52		$   11.89		70.7290798008		0		$   11.59

				1		Direct Contact Cooler		Vertical		47 ft dia., 110 ft T/T
Operating: 2 psig/90 °F
Design: -2/+10 psig/150 °F
Pressure Drop: 1.7 psia
Carbon Steel		2 op		6,073,044		4,858,435		10,931,479				3.8%		1		Direct Contact Cooler		Vertical				0.65		60		0.5666666667										47 ft dia., 65 ft T/T
Operating: 2 psig/90 °F
Design: -2/+10 psig/150 °F
Pressure Drop: 1.0 psia
Carbon Steel		2 op		3,947,479		3,157,983		7,105,461				3.5%		35.0%		Calcs Hidden in Columns N-S		2		Coal & sorbent Prep and Feed		$   17,573,000.00		$   14,171,000.00		$   21,744,000.00		$   1,849,000.00		$   - 0		$   3,539,000.00		$   27,132,000.00		636.87		4742109.91		$   42.60		$   5.72		34.1421492105		0		$   5.56

				2		CO2 Absorber 		Structured Packed Bed		41 ft dia., 138 ft. T/T
Operating: 2 psig/134 °F,
Design: -2/+10 psig/ 190 °F
Pressure Drop: 1.79 psi
Carbon Steel
118 ft of Structured Packing		2 op		48,583,512		32,389,008		80,972,519				28.3%		2		CO2 Absorber 		Structured Packed Bed		60		0.65

Heather Nikolic: Heather Nikolic:
scaling factor = (new packing height)/(old packing height)		80.00		0.91										41 ft dia., 82 ft. T/T
Operating: 2 psig/134 °F,
Design: -2/+10 psig/ 190 °F
Pressure Drop: 1.06 psi
Carbon Steel
70 ft of Structured Packing		2 op		31,579,283		21,052,855		52,632,138				26.1%		35.0%		Calcs Hidden in Columns N-S		3		Feedwater & Misc. BOP Systems		$   64,415,000.00		$   30,066,000.00		$   94,481,000.00		$   8,398,000.00		$   - 0		$   16,785,000.00		$   119,664,000.00		636.87		4742109.91		$   187.89		$   25.23		148.3528513411		0		$   26.36

				3		Primary Stripper		Structured Packed Bed		19 ft dia, 95 ft T/T 
Operating: 12.7 psig/254 °F
Design: 110 psig/360 °F
Pressure Drop: 7 psi
110 ft of Structured Packing
Carbon Steel/Upper 35 ft
304SS clad 75 ft of Structured Packing		2 op		17,343,192		10,486,581		27,829,774				9.7%		3		Primary Stripper		Structured Packed Bed		45		0.65		65		4.55										19 ft dia, 56 ft T/T 
Operating: 12.7 psig/254 °F
Design: 110 psig/360 °F
Pressure Drop: 4.2 psi
65 ft of Structured Packing
Carbon Steel/Upper 13 of Structured Padking
304SS Clad lower 2/3 of Structured Packing		2 op		11,273,075		6,816,278		18,089,353				9.0%		35.0%		Calcs Hidden in Columns N-S		4		PC Boiler		$   230,968,000.00		$   131,605,000.00		$   362,573,000.00		$   34,895,000.00		$   - 0		$   39,747,000.00		$   437,215,000.00		636.87		4742109.91		$   686.51		$   92.20		569.3074625511		0		$   62.41

				4		Reclaimer		Vertical Tank		14 ft dia, 26 ft T/T
Steam Pressure/Temp: 63.3 psig/310 °F
Design: 110 psig/360 °F
Heat Required: 96 MBtu/hr
Carbon Steel		1 op		1,648,333		1,318,667		2,967,000				1.0%		4		Reclaimer		Vertical Tank				0.75														14 ft dia, 26 ft T/T
Steam Pressure/Temp: 63.3 psig/310 °F
Design: 110 psig/360 °F
Heat Required: 96 MBtu/hr
Carbon Steel		1 op		1,236,250		989,000		2,225,250				1.1%		25.0%				5		Flue Gas Cleanup		$   124,274,000.00		$   42,119,000.00		$   166,393,000.00		$   15,516,000.00		$   - 0		$   18,191,000.00		$   200,100,000.00		636.87		4742109.91		$   314.19		$   42.20		261.2681490797		0		$   28.56

				5		Air Stripper		Structured Packed Bed		21 ft dia, 92 ft T/T
Operating: 0.6 psig/210 °F
Design: 10 psig/360 °F
Pressure Drop: 12.6 psi
Carbon Steel
72 ft of Structured Packing		2 op		16,549,871		11,033,248		27,583,119				9.7%		5		Air Stripper		Structured Packed Bed		35		0.65		50		6.125										21 ft dia, 55 ft T/T
Operating: 0.6 psig/210 °F
Design: 10 psig/360 °F
Pressure Drop: 7.5 psi
Carbon Steel
42 ft of Structured Packing		2 op		10,757,416		7,171,611		17,929,027				8.9%		35.0%		Calcs Hidden in Columns N-S		5B		CO2 Removal System		$   158,853,921.55		$   102,664,892.43		$   261,518,813.98		$   22,574,423.92		$   45,148,847.83		$   58,693,502.18		$   387,935,587.90		636.87		4742109.91		$   609.13		$   81.81		410.6334790337		70.8921403293		$   92.16

				6		Reboiler		Kettle		Heat Duty: 609.8 MBtu/hr
OHTC: 200 Btu/ft2,h,°F
Steam Pressure/Temp: 59 psig/316 °F
Heat Transfer Area: 49,430 ft2
Design: 110 psig/ 600 °F
Carbon Steel		2 op		6,301,602		4,201,068		10,502,670				3.7%		6		Reboiler		Kettle																		Heat Duty: 609.8 MBtu/hr
OHTC: 200 Btu/ft2,h,°F
Steam Pressure/Temp: 59 psig/316 °F
Heat Transfer Area: 49,430 ft2
Design: 110 psig/ 600 °F
Carbon Steel		2 op		4,096,041		2,730,694		6,826,735				3.4%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				7		Lean/Rich Exchanger		Plate & Frame		Heat Duty: 697.8 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 154/256 (Cold); 272/168 (Hot)
Heat Transfer Area: 104,100 ft2
Op. Pressrue: 270 psig
Design: 300 psig/300 °F
304 Alloy Plate material/Carbon Steel		2 op		5,509,180		3,505,842		9,015,023				3.2%		7		Lean/Rich Exchanger		Plate & Frame																		Heat Duty: 697.8 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 154/256 (Cold); 272/168 (Hot)
Heat Transfer Area: 104,100 ft2
Op. Pressrue: 270 psig
Design: 300 psig/300 °F
304 Alloy Plate material/Carbon Steel		2 op		3,580,967		2,278,797		5,859,765				2.9%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				8		Recycle Air Cooler #1		Plate & Frame		Heat Duty: 187.5 MBtu/hr,
OHTC: 450 Btu/ft2,h,°F,
Temp (F) In/Out: 107/154.3 (Cold); 234/115 (Hot)
Heat Transfer Area: 7,600 ft2
Op. Pressrue: 255 psig
Design: 300 psig/300 °,
Carbon Steel		2 op		3,086,906		2,057,938		5,144,844				1.8%		8		Recycle Air Cooler #1		Plate & Frame																		Heat Duty: 187.5 MBtu/hr,
OHTC: 450 Btu/ft2,h,°F,
Temp (F) In/Out: 107/154.3 (Cold); 234/115 (Hot)
Heat Transfer Area: 7,600 ft2
Op. Pressrue: 255 psig
Design: 300 psig/300 °,
Carbon Steel		2 op		2,006,489		1,337,659		3,344,149				1.7%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				9		CO2 Cond #3		Plate & Frame		Heat Duty: 105.7 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 107/154 (Cold); 234/115 (Hot)
Heat Transfer Area: 7,600 ft2
Op. Pressrue: 255 psig
Design: 300 psig/300 °F
Carbon Steel		2 op		1,924,048		1,282,699		3,206,746				1.1%		9		CO2 Cond #3		Plate & Frame																		Heat Duty: 105.7 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 107/154 (Cold); 234/115 (Hot)
Heat Transfer Area: 7,600 ft2
Op. Pressrue: 255 psig
Design: 300 psig/300 °F
Carbon Steel		2 op		1,250,631		833,754		2,084,385				1.0%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				10		CO2 Condenser #4		Plate & Frame		Heat Duty: 4.9 MBtu/hr
OHTC: 600Btu/ft2,h,°F
Temp (F) In/Out: 60/95 (Cold); 234/115 (Hot)
Heat Transfer Area: 90 ft2
Op. Pressrue: 60 psig
Design: 70 psig/270 °F
Carbon Steel		2 op		202,943		135,295		338,238				0.1%		10		CO2 Condenser #4		Plate & Frame																		Heat Duty: 4.9 MBtu/hr
OHTC: 600Btu/ft2,h,°F
Temp (F) In/Out: 60/95 (Cold); 234/115 (Hot)
Heat Transfer Area: 90 ft2
Op. Pressrue: 60 psig
Design: 70 psig/270 °F
Carbon Steel		2 op		131,913		87,942		219,854				0.1%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				11		Absorber Intercooler		Plate & Frame		Heat Duty: 294 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 144/100
Heat Transfer Area: 12,026 ft2
Op. Pressrue: 1 psig
Design: 60 psig/200 °F
Utility: CWS
Carbon Steel		2 op		2,701,219		1,800,813		4,502,032				1.6%		11		Absorber Intercooler		Plate & Frame																		Heat Duty: 294 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 144/100
Heat Transfer Area: 12,026 ft2
Op. Pressrue: 1 psig
Design: 60 psig/200 °F
Utility: CWS
Carbon Steel		2 op		1,755,793		1,170,528		2,926,321				1.4%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				12		Lean Cooler		Plate & Frame		Heat Duty: 145.8 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 119/95
Heat Transfer Area: 7931 ft2
Op. Pressrue: 1.5 psig
Design: 60 psig/200 °F
Utility: CWS
Carbon Steel		2 op		1,992,470		1,328,314		3,320,784				1.2%		12		Lean Cooler		Plate & Frame																		Heat Duty: 145.8 MBtu/hr
OHTC: 450 Btu/ft2,h,°F
Temp (F) In/Out: 119/95
Heat Transfer Area: 7931 ft2
Op. Pressrue: 1.5 psig
Design: 60 psig/200 °F
Utility: CWS
Carbon Steel		2 op		1,295,106		863,404		2,158,509				1.1%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				13		Recycle Air Cooler #2		Plate & Frame		Heat Duty: 36.2 MBtu/hr,
OHTC: 600 Btu/ft2,h,°F,
Temp (F) In/Out: 115/95,
Heat Transfer Area: 1330 ft2
Op. Pressrue: 0.5 psig
Design: 60 psig/200 °F,
Utility: CWS
Carbon Steel		2 op		536,046		357,364		893,409				0.3%		13		Recycle Air Cooler #2		Plate & Frame																		Heat Duty: 36.2 MBtu/hr,
OHTC: 600 Btu/ft2,h,°F,
Temp (F) In/Out: 115/95,
Heat Transfer Area: 1330 ft2
Op. Pressrue: 0.5 psig
Design: 60 psig/200 °F,
Utility: CWS
Carbon Steel		2 op		348,430		232,286		580,716				0.3%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				14		DCC Cooler		Plate & Frame		Heat Duty: 708.8 MBtu/hr,
OHTC: 600 Btu/ft2,h °F,
Temp (F) In/Out: 144/75,
Heat Transfer Area: 38,010 ft2
Op. Pressrue: 1.5 psig
Design: 60 psig/200 °F
Utility: CWS
Carbon Steel		1 op		1,085,211		723,474		1,808,685				0.6%		14		DCC Cooler		Plate & Frame																		Heat Duty: 708.8 MBtu/hr,
OHTC: 600 Btu/ft2,h °F,
Temp (F) In/Out: 144/75,
Heat Transfer Area: 38,010 ft2
Op. Pressrue: 1.5 psig
Design: 60 psig/200 °F
Utility: CWS
Carbon Steel		1 op		705,387		470,258		1,175,645				0.6%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				15		Lean Solution Pump		Centrifugal		Solvent @ 17,600 USGPM
Pressure (psig) In/Out: 0.6/126
Power: 110 hp, Efficiency: 85%
Design: 230 psig/300 °F
Estimated Shutoff: 180 psig
Carbon Steel		2 op, 2 spare		13,693,979		13,693,979		27,387,958				9.6%		15		Lean Solution Pump		Centrifugal																		Solvent @ 17,600 USGPM
Pressure (psig) In/Out: 0.6/126
Power: 110 hp, Efficiency: 85%
Design: 230 psig/300 °F
Estimated Shutoff: 180 psig
Carbon Steel		2 op, 2 spare		8,901,086		8,901,086		17,802,173				8.8%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				16		Rich Solution Pump		Centrifugal		Solvent @ 20,000 USGPM
Pressure (psig) In/Out: 1.1/255
Power: 3100 hp, Efficiency: 85%
Design: 300 psig/200 °F
Estimated Shutoff: 280 psig
Carbon Steel		2 op, 2 spare		7,200,561		7,200,561		14,401,122				5.0%		16		Rich Solution Pump		Centrifugal																		Solvent @ 20,000 USGPM
Pressure (psig) In/Out: 1.1/255
Power: 3100 hp, Efficiency: 85%
Design: 300 psig/200 °F
Estimated Shutoff: 280 psig
Carbon Steel		2 op, 2 spare		4,680,365		4,680,365		9,360,729				4.6%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				17		Primary Stripper Pump		Centrifugal		Solvent @ 16,000 USGPM
Pressure (psig) In/Out: 12.8/54
Power: 240 hp, Efficiency: 85%
Design: 130 psig/150 °F
Estimated Shutoff: 80 psig
Carbon Steel		2 op, 2 spare		4,436,329		4,436,329		8,872,659				3.1%		17		Primary Stripper Pump		Centrifugal																		Solvent @ 16,000 USGPM
Pressure (psig) In/Out: 12.8/54
Power: 240 hp, Efficiency: 85%
Design: 130 psig/150 °F
Estimated Shutoff: 80 psig
Carbon Steel		2 op, 2 spare		2,883,614		2,883,614		5,767,228				2.9%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				18		Soda Ash Injection Pump		Centrifugal		Solvent @ 50 USGPM
Pressure (psig) In/Out: 0/1.23
Power: 2 hp, Efficiency: 85%
Design: 50 psig/150 °F
Estimated Shutoff: 10 psig
304L SS Casing with Carbon Steel Body		1 op, 1 spare		small pump, not included in estimate								0.0%		18		Soda Ash Injection Pump		Centrifugal																		Solvent @ 50 USGPM
Pressure (psig) In/Out: 0/1.23
Power: 2 hp, Efficiency: 85%
Design: 50 psig/150 °F
Estimated Shutoff: 10 psig
304L SS Casing with Carbon Steel Body		1 op, 1 spare		0		0		0				0.0%		ERROR:#DIV/0!																						636.87		4742109.91				$   - 0		0		0		$   - 0

				19		Absorber Intercooler Pump		Centrifugal		Solvent @ 19,400 USGPM,
Pressure (psig) In/Out: -0.47/50
Power: 460 hp, Efficiency: 85%
Design: 100 psig/200 °F
Estimated Shutoff: 70 psig
Carbon Steel		2 op, 1 spare		3,919,150		3,919,150		7,838,299				2.7%		19		Absorber Intercooler Pump		Centrifugal																		Solvent @ 19,400 USGPM,
Pressure (psig) In/Out: -0.47/50
Power: 460 hp, Efficiency: 85%
Design: 100 psig/200 °F
Estimated Shutoff: 70 psig
Carbon Steel		2 op, 1 spare		2,547,447		2,547,447		5,094,895				2.5%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				20		Solvent Make-up Pump		Centrifugal		Solvent @ 100 USGPM
Pressure (psig) In/Out: 0/10.23
Power: 5 hp, Efficiency: 85%
Design: 50 psig/200 °F
Estimated Shutoff: 20 psig
Carbon Steel		1 op , 1 spare		173,600		173,600		347,200				0.1%		20		Solvent Make-up Pump		Centrifugal																		Solvent @ 100 USGPM
Pressure (psig) In/Out: 0/10.23
Power: 5 hp, Efficiency: 85%
Design: 50 psig/200 °F
Estimated Shutoff: 20 psig
Carbon Steel		1 op , 1 spare		112,840		112,840		225,680				0.1%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				21		DCC Pump		Centrifugal		Water @ 18,000 USGPM
Pressure (psig) In/Out: 1.5/75
Power: 730 hp, Efficiency: 85%
Design: 100 psig/150 °F
Estimated Shutoff: 90 psig
Carbon Steel		1 op, 1 spare		3,292,828		3,292,828		6,585,657				2.3%		21		DCC Pump		Centrifugal																		Water @ 18,000 USGPM
Pressure (psig) In/Out: 1.5/75
Power: 730 hp, Efficiency: 85%
Design: 100 psig/150 °F
Estimated Shutoff: 90 psig
Carbon Steel		1 op, 1 spare		2,140,339		2,140,339		4,280,677				2.1%		35.0%																						636.87		4742109.91				$   - 0		0		0		$   - 0

				6		Reboiler						2 op		6,301,602		4,201,068		10,502,670				3.7%		6		Reboiler						0.75																2 op		4,726,201		3,150,801		7,877,002

				22		ID Fan		Axial		780,870 ACFM gas
Pressure (psig) In/Out: 0.2/2.7
Power: 10,100 kW
Design: -2/+10 psig/150 °F
Carbon Steel		2 op		6,524,033		3,262,017		9,786,050				3.4%		22		ID Fan		Axial				0.75						3.49

Heather Nikolic: Heather Nikolic:
new fan discharge P = (old fan discharge P)-(change in absorber delta P)		

Kunlei Liu: Kunlei Liu:
0.65 is the value selected between the packing ratio reduction and its square root, but more close to square root		

Heather Nikolic: Heather Nikolic:
scaling factor = (new packing height)/(old packing height)								1.48		4273.9384520745		5826.0615479255		780,870 ACFM gas
Pressure (psig) In/Out: 0.2/1.97
Power: 7158 kW
Design: -2/+10 psig/150 °F
Carbon Steel		2 op		4,893,025		2,446,513		7,339,538				3.6%		25.0%		Calcs Hidden in Columns N-S		6		Combustion Turbine/Accessories		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		$   - 0		636.87		4742109.91		$   - 0		$   - 0		0		0		$   - 0

				23		Air Stripper Blower		Centrifugal		201,640 ACFM gas
Pressure (psig) In/Out: 0/0.6
Power: 462 kW
Design: 10 psig/150 °F
Carbon Steel		2 op		1,069,766		534,883		1,604,649				0.6%		23		Air Stripper Blower		Centrifugal				0.75

Heather Nikolic: Heather Nikolic:
scaling factor = (new fan delta P)/(old fan delta P)																																																				

Kunlei Liu: Kunlei Liu:
0.85 is capacity factor
		1.7		0.85		346.5		115.5		201,640 ACFM gas
Pressure (psig) In/Out: 0/0.4
Power: 188 kW
Design: 10 psig/150 °F
Carbon Steel		2 op		802,324		401,162		1,203,486				0.6%		25.0%		Calcs Hidden in Columns N-S		7		HRSG, Ducting & Stack		$   25,195,000.00		$   16,023,000.00		$   41,218,000.00		$   3,675,000.00		$   - 0		$   5,899,000.00		$   50,792,000.00		636.87		4742109.91		$   79.75		$   10.71		64.7199736093		0		$   9.26

				24		CO2 Compression and Drying		Inter-Cooled, Multi-Staged Centrifugal		18,100 ACFM with 6 stages
Pressure (psig) In/Out: 74/2200
Power: 15,028 kW
Design: 2,410 psig/350 °F
Carbon Steel with 316 SS at wet/dry areas
TEG Unit		2 op		Listed separately on cost estimate										24		CO2 Compression and Drying		Inter-Cooled, Multi-Staged Centrifugal																		18,100 ACFM with 6 stages
Pressure (psig) In/Out: 74/2200
Power: 15,028 kW
Design: 2,410 psig/350 °F
Carbon Steel with 316 SS at wet/dry areas
TEG Unit		2 op		Listed separately on cost estimate								0.0%		0.0%				8		Steam Turbine Generator		$   114,537,000.00		$   28,163,000.00		$   142,700,000.00		$   12,159,000.00		$   - 0		$   18,125,000.00		$   172,984,000.00		636.87		4742109.91		$   271.62		$   36.48		224.0657051298		0		$   28.46

												Total		153,847,825		111,992,091		265,839,916				96.7%																						5941.5615479255				Total		105,651,501		76,457,217		182,108,718						31.5%				9		Cooling Water System		$   28,591,000.00		$   17,273,000.00		$   45,865,000.00		$   4,198,000.00		$   - 0		$   6,778,000.00		$   56,841,000.00		636.87		4742109.91		$   89.25		$   11.99		72.016633257		0		$   10.64

												Allowance for interconnections		13,122,379		6,674,403		19,796,783				6.9%																										Allowance for interconnections		13,122,379		6,674,403		19,796,783				9.8%		0.0%				10		Ash/Spent Sorbent Handling System		$   6,696,000.00		$   8,445,000.00		$   15,141,000.00		$   1,409,000.00		$   - 0		$   1,702,000.00		$   18,252,000.00		636.87		4742109.91		$   28.66		$   3.85		23.7742035135		0		$   2.67

												Grand Total		166,970,204		118,666,494		285,636,699				103.7%																										Grand Total		118,773,880		83,131,620		201,905,500		323				29.3%				11		Accessory Electric Plant		$   45,469,000.00		$   34,047,000.00		$   79,517,000.00		$   6,811,000.00		$   - 0		$   10,746,000.00		$   97,074,000.00		636.87		4742109.91		$   152.42		$   20.47		124.8565709517		0		$   16.87

																																																																12		Instrumentation & Control		$   12,658,000.00		$   12,695,000.00		$   25,353,000.00		$   2,239,000.00		$   1,268,000.00		$   3,557,000.00		$   32,417,000.00		636.87		4742109.91		$   50.90		$   6.84		39.8089546052		1.9909972958		$   5.59

																						19.8%																										% Difference		29%		30%		29%										13		Improvements to Site		$   6,098,000.00		$   8,301,000.00		$   14,399,000.00		$   1,429,000.00		$   - 0		$   3,165,000.00		$   18,993,000.00		636.87		4742109.91		$   29.82		$   4.01		22.6091246543		0		$   4.97

																																																										18.3%						14		Buildings & Structures		$   30,740,000.00		$   29,144,000.00		$   59,884,000.00		$   5,289,000.00		$   - 0		$   9,776,000.00		$   74,949,000.00		636.87		4742109.91		$   117.68		$   15.80		94.0290867974		0		$   15.35

																																																Difference						83,731,198												TOTAL PLANT COST		$   896,714,921.55		$   489,114,892.43		$   1,375,831,813.98		$   124,391,423.92		$   46,416,847.83		$   204,082,502.18		$   1,750,722,587.90		636.87		4742109.91		$   2,748.96		$   369.19		$   2,160.3		72.8831376251		$   320.45

																																																						36,934,686







Packing Height Compariso

				TEA Conducted under
DE-FE0026497		Revised UKy-CAER Equipment size Commercial Scale		CCSL		HCERI				Percent Difference in Column Height		Assumed Percent Difference for Calculations

		Scale		Normalized
550 MWe 		Normalized
550 MWe 		~170 TPD		550 MWe

		Absorber 		41’ dia.,
138’ T/T,
118’ pkg ht,
ΔP = 1.79 psi		41’ dia.,
80’ T/T,
60’ pkg ht,
ΔP = 1.06 psi 		23’ dia.,
110’ T/T,
60’ pkg ht		48’ dia.,
68’ T/T,
40’ pkg ht				49%		30%

		Primary Stripper		19’ dia.,
110’ T/T, 
95’ pkg ht,
ΔP = 7 psi		19’ dia.,
60’ T/T,
45’ pkg ht,
ΔP = 4.2 psi		14’ dia.,
56’ T/T,
26’ pkg ht		27’ dia.,
38’ T/T,
33’ pkg ht				53%		30%

		Secondary Stripper		21’ dia.,
92’ T/T,
72’ pkg ht,
ΔP = 12.6 psi		21’ dia.,
55’ T/T,
35’ pkg ht,
ΔP = 7.5 psi								51%		30%

		Direct Contact Cooler		47’ dia.,
110’ T/T,
ΔP = 1.7 psi		47’ dia.,
65’ T/T,
ΔP = 1.0 psi		23’ dia.,
49’ T/T,
16.5’ pkg ht,
ΔP = 1 psi						41%		30%





Performance

		Updates in Bold

		POWER SUMMARY		2016 TEA Results
Compared to
RC 12		Updated 9/2017 for second LP CCS proposal Compard to
RC 12		Case B12B		Updated 12/2018
With Constant Coal Feed Rate Compared to
RC B12B		COMMENTS About 
Updated 12/2018
With Constant Coal Feed Rate Compared to
RC B12B		Updated 2/2019
With Constant Net Power Output Compared to
RC B12B				POWER SUMMARY		Case B12B		UKy-CAER CCS Constant Coal Feed Rate
Compared to
RC B12B		UKy-CAER CCS Constant Net Power Output
Compared to
RC B12B

		Steam Turbine Power (Gross at Generator Terminals, kWe)		714,100		732,823		642,000		662,477				632,779				Steam Turbine Power (Gross at Generator Terminals, kWe)		642,000		662,477		632,779

		TOTAL (STEAM TURBINE) POWER, kWe		714,100		732,823		642,000		662,477				632,779				TOTAL (STEAM TURBINE) POWER, kWe		642,000		662,477		632,779

		AUXILIARY LOAD SUMMARY, kWe																AUXILIARY LOAD SUMMARY, kWe

		Coal Handling & Conveying		510		510		480		480				458				Coal Handling & Conveying		480		480		458.4821808469

		Pulverizers		3,850		3,850		3,370		3,370				3,219				Pulverizers		3,370		3,370		3,219

		Sorbent Handling & Reagent Preparation		1,260		1,260		1,070		1,070				1,022				Sorbent Handling & Reagent Preparation		1,070		1,070		1,022

		Ash Handling		740		740		780		780				745				Ash Handling		780		780		745.0335438762

		Primary Air Fans		1,810		1,810		1,670		1,670				1,595				Primary Air Fans		1,670		1,670		1,595

		Forced Draft Fans		2,770		2,770		2,130		2,130				2,035				Forced Draft Fans		2,130		2,130		2,035

		Induced Draft Fans		10,700		10,700		8,350		8,350				7,976				Induced Draft Fans		8,350		8,350		7,976

		SCR		70		70		60		60				57				SCR		60		60		57.3102726059

		Activated Carbon Injection (kW)						27		27				26				Activated Carbon Injection (kW)		27		27		25.7896226726

		Dry Sorbent Injection (kW)						108		108				103				Dry Sorbent Injection (kW)		108		108		103.1584906906

		Baghouse		100		100		110		110				105				Baghouse		110		110		105.0688331108

		Wet FGD		4,150		4,150		3,550		3,550				3,391				Wet FGD		3,550		3,550		3,391

		CO2 Capture System Auxiliaries		20,570		14,628		16,000		11,378		Due to smaller column blowers and pump.		10,867				CO2 Capture System Auxiliaries		16,000		11,378		10,867

		CO2 Compression		37,188

Kunlei Liu: Kunlei Liu:
stripping at 3bar rather than 5bar J.R. Used		37,188		35,690		35,690		Assume same value for CO2 compression		34,086				CO2 Compression		35,690		35,690		34,086

		Miscellaneous Balance of Plant2,3		2,000		2,000		2,000		2,000				1,910				Miscellaneous Balance of Plant2,3		2,000		2,000		1,910

		Steam Turbine Auxiliaries		400		400		400		400				394				Steam Turbine Auxiliaries		400		400		394.2548023376

		Condensate Pumps		800		816		640		640				611				Condensate Pumps		640		640		611.3095744625

		Circulating Water Pump		7,590		7742		7750		7750				7,257				Circulating Water Pump		7750		7750		7257

		Ground Water Pumps		680		694		710		710				674				Ground Water Pumps		710		710		674

		Cooling Tower Fans		3,930		4009		4010		4010				3,911				Cooling Tower Fans		4010		4010		3911

		Transformer Losses		2,470		2519		2380		2380				2,153				Transformer Losses		2380		2380		2153

		TOTAL AUXILIARIES, kWe		101,588		95,956		91,000		86,663		5,632		82,595				TOTAL AUXILIARIES, kWe		91,000		86,663		82,595

		NET POWER, kWe		612,512		636,867		550,000		575,813		At 2.1 GJ/tonne (903 BTU/lb) solvent regeneration		550000				NET POWER, kWe		550,000		575,813		550,000

		Net Plant Efficiency (HHV)		31.65%		32.91%		32.50%		33.97%				33.97%				Net Plant Efficiency (HHV)		32.50%		33.97%		33.97%

		Net Plant Heat Rate (Btu/kWhr HHV)		10,777		10,365		10,508		10,040				10,040				Net Plant Heat Rate (Btu/kWhr HHV)		10,508		10,040		10,040



																		Condenser Duty		1,770		1,770		1,830

		COOLING TOWER DUTY (106 Btu/hr)																As-Received Coal Feed (lb/hr)		495,578		495,578		473,362

		Condenser Duty		2,051		2,051		1,770		1,770				-1,830

		CO2 Capture System Duty		1,537		1,537

		TOTAL COOLING DUTY (106 Btu/hr)		3,588		3,588

		Consumables

		As-Received Coal Feed (lb/hr)		565,820		565,820		495,578		495,578				473,362

		Limestone Sorbent Feed (lb/hr)		57,835		57,835		48,970		48,970								Limestone Sorbent Feed (lb/hr)		48,970		48,970

		1.        HHV of As-Received Illinois #6 coal is 11,666 Btu/lb (27,135 kJ/kg)																1.        HHV of As-Received Illinois #6 coal is 11,666 Btu/lb (27,135 kJ/kg)

		2.        Boiler feed pumps are turbine driven																2.        Boiler feed pumps are turbine driven

		3.        Includes plant control systems, lighting, HVAC, and miscellaneous low-voltage loads																3.        Includes plant control systems, lighting, HVAC, and miscellaneous low-voltage loads





















































































































































































































































































































Gross Power and CO2 Capture Eff



		Using the regression equation generated in Spreadsheet "Sum"																						The effect of capture efficiency on power generation

		90% Capture																						1.9 GJ/tonne CO2

		Gt/tonne		0		1.8		2		2.1		2.5		3		3.5		3.8						Capture Rate						70		80

		Gross MWe (CAER)		801.9		742.7		736.1		732.8		719.7		703.2		686.8		676.9						Gross Power (CAER)						753.3

		Gross Mwe		801.9		735.8		728.5		724.8		710.1		691.8		673.4		662.4

																								2.0 GJ/tonne CO2

																								Capture Rate								80

																								Gross Power (CAER)								743.4



																		byFWH						2.1 GJ/tonne CO2

																		gain = 3.8*GJ/t						Capture Rate		45		60		70		80		90

																		GJ/t		Gain				Gross Power (CAER)		767.4		755.8		748.2		740.5		732.8

																		5		19.0

																		4		15.2				3.0 GJ/tonne CO2

																		3.5		13.3				Capture Rate		45		60		70		80		90

																		3		11.4				Gross Power (CAER)		752.6		736.1		725.1		714.2		703.2

																		2.5		9.5

																		2		7.6				3.5 GJ/tonne CO2

																		1.5		5.7				Capture Rate		45		60		70		80		90

																								Gross Power (CAER)		744.3		725.1		712.4		699.6		686.8

		The effect of capture efficiency on power 

		80% Capture

		Gt/tonne		0		1.8		2		2.1		2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		749.3		743.4		740.5		728.8		714.2		699.6		690.8

		70% Capture

		Gt/tonne		0		1.9		2		2.1		2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		753.3		750.7		748.2		737.9		725.1		712.4		704.7

		60% Capture

		Gt/tonne		0		1.8		2		2.1		2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		762.4		758.0		755.8		747.1		736.1		725.1		718.6

		45% Capture

		Gt/tonne		0		1.8		2		2.1		2.5		3		3.5		3.8

		Gross MWe (CAER)		801.9		772.3		769.0		767.4		760.8		752.6		744.3		739.4



Steam Extraction with CAER FWH Configuration	0	1.8	2	2.1	2.4	2.5	3	3.5	3.8	801.9	742.69079999999997	736.11199999999997	732.82259999999997	722.95439999999996	719.66499999999996	703.21799999999996	686.77099999999996	676.90279999999996	Conventional Steam Extraction	0	1.8	2	2.1	2.4	2.5	3	3.5	3.8	801.9	735.81119999999999	728.46799999999996	724.79639999999995	713.78160000000003	710.11	691.75199999999995	673.39400000000001	662.37919999999997	GJ/tCO2





Power, MW











Column Heights

				TEA Conducted under
DE-FE0026497		UKy-CAER Current 0.7 MWe Small Pilot		CCSL		HCERI		Revised UKy-CAER Equipment size Commercial Scale		Packing Height Ratio		SQRT (Packing Height Ratio)		Average of Packing Height Ratio and SQRT (Packing Height Ratio)		Percent Difference in Column Height		Assumed Percent Difference for Calculations

		Scale		Normalized
550 MWe 		0.7 Mwe
~ 15 TPD		~170 TPD		550 MWe		Normalized
550 MWe 

		Absorber 		41’ dia., 138’ T/T, 118’ pkg ht, ΔP = 1.79 psi		32” dia., 68’ T/T, 40’ pkg ht		23’ dia., 110’ T/T, 60’ pkg ht		48’ dia., 68’ T/T, 40’ pkg ht		41’ dia., 80’ T/T, 60’ pkg ht, ΔP = 1.06 psi 		0.51		0.71		0.61		49%		30%

		Primary Stripper		19’ dia., 110’ T/T, 95’ pkg ht, ΔP = 7 psi		26” dia., 48’ T/T, 30’ pkg ht		14’ dia., 56’ T/T, 26’ pkg ht		27’ dia., 38’ T/T, 33’ pkg ht		19’ dia., 60’ T/T, 45’ pkg ht, ΔP = 4.2 psi		0.47		0.69		0.58		53%		30%

		Secondary Stripper		21’ dia., 92’ T/T, 72’ pkg ht, ΔP = 12.6 psi		28” dia., 52’ T/T, 29’ pkg ht						21’ dia., 55’ T/T, 35’ pkg ht, ΔP = 7.5 psi		0.49		0.70		0.59		51%		30%

		Direct Contact Cooler		47’ dia., 110’ T/T, ΔP = 1.7 psi		30” dia., 29’ T/T, 12.5’ pkg ht		23’ dia., 49’ T/T, 16.5’ pkg ht, ΔP = 1 psi				47’ dia., 65’ T/T, ΔP = 1.0 psi								41%		30%
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DE-FEQ024697 | This Proposal
[Captured Fraction of CO Fed to Power Plant 90% 90% 79%
[Power rom Coal, kie 714,100 | 732823 801900
[Power from Natural Gas, kiWe - 1 5816
TOTAL POWER, kie 714,100 732823 853716
[AUXILIARY LOAD SUMMARY, kie
Coal Handiing & Conveying 510 510 510
Pulierizers 3850 3850 3850
Sorbent Handing & Reagent Preparation 1260|1280 1,280
Ash Handiing 740 740 740
Primary AirFans 1810 1810 1810
Forced Draft Fans am|  2m 27m0
Induced Draft Fans 10700 10700 10700
SCR 70 70 70
Baghouse 100 100 100
WetFGD 4150|4150 4150
CO, Capture System Ausilaries 20570 14628 14628
CO, Compression 09%0| 37188| 37188
Miscellaneous Balance of Plant™* 2000 2000 2000
Steam Turbine Auslaries 400 400 400
Condensate Pumps 800 816 816
Circulating Water Pump 7590 | 7742 8200
‘Ground Water Pumps 680 694 694
Cooling Tower Fans 3930 4009 438
Transformer Losses 2470 2519 2757
TOTAL AUXILIRIES, kie 95390 | 95956|  97.029
INET POWER, kite 616710 | 636867 | 756687
Net Plant Effciency (HHV) 320%  329% 317%
Net Plant Heat Rate (Blukihr HHV) 10668 | 10365 11.367]
[Consumables
Natural Gas (Ibhr) 68980
As-Received Coal Feed (Ibhr) 565820 565820 565820
Limestone Sorbent Feed (Ibir) 57835  s783|  57.83
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UKy-CAER | Percent
Re1z Process | Difference
‘Commercial Scale Plant Size (MW, nef) 550 6187 12%
Plant Eficiency, % (HHV basis) 284% 320% 13%
Net Plant Heat Rate, BTUKWh HHV 12002 10668 1%
Capital Costs (20115KW) S 35635 3039 15%
Equipment Costs (6x1000, 20115
temDescription
‘COAL & SORBENT HANDLING S 5085|5564 | 0%
‘COAL & SORBENT PREP & FEED S o70s|s  ra32| 0%
FEEDWATER&MISC.BOPSYSTEMS _ |S 1235655 119664 3%
PCBOILER S 43205]5 437206 0%
FLUE GAS CLEANUP S 19119]5 200100 2%
CO, REMOVAL & COMPRESSION S 593497[5  517486] -13%
COMBUSTION TURBINEACCESSORES | § - Is -
HRSG, DUCTING & STACK S 45092]5  50792] 13%
‘STEAM TURBINE GENERATOR S 16695]5  172984] 4%
‘COOLING WATER SYSTEM S 73a11|s  ooad| 2%
ASHISPENT SORBENT HANDLING SYSTEM | § 18252| 5 18252] 0%
ACCESSORY ELECTRIC PLANT S 10025]5  97073] 3%
INSTRUMENTATION & CONTROL S 31053]s  3417| 4%
IMPROVEMENTS TO SITE S 18332]5  18993] 4%
BUILDINGS & STRUCTURES S 72402]s  74049] 4%
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Advanced Solvent 2 Campaign –
Regeneration Energy

Despite differences in chemistry and physical properties, advanced solvents tested perform similarly.

Performance Compared 
to 30 wt% MEA Hitachi H3-1 Advanced 

Solvent 1
Advanced 
Solvent 2

Energy Penalty 33% savings 30% savings 14% savings
Solvent Circulation Rate ~35-45% reduction ~30% reduction ~same

Cyclic Capacity ~1.5X ~1.5X ~1.0X
Viscosity 2.5 – 3X ~1.5X ~1.0X

Surface Tension ~0.6X ~1.0X ~0.8X
Degradation Products Low Low Low
Solvent Regeneration 
Energy Measured at

UKy-CAER 0.7 MWe CCS
1022 Btu/lb CO2 1070 BTU/lb CO2 1315 BTU/lb CO2 
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Same L/G = 3.5, Stripper pressure = 22 psia

Advanced Solvent 2 Campaign –
Effect of Ambient T

~50 BTU/lb CO2 captured decrease in regeneration 
energy with 20 ºF increase in ambient temperature
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Advanced Solvent 2 Campaign –
Solvent Stability

Total HSS levels are similar for the three campaigns conducted at similar run hours.
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Advanced Solvent 2 Campaign –
RCRA Elements

RCRA regulated metals 
all under limits.

Similar Fe, Cr and Se 
accumulation rates for 

advanced solvents.
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Modification of UKy-CAER 0.7 MWe CCS

Process Intensification
Two-Stage Solvent Regeneration
System Integration and Heat Recovery
Advanced Solvent
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• Blau Mechanical contracted for the installation of new equipment
• New level/grating added at top of module for membrane skid 
• Structural modifications made
• Water wash column and circulation pump
• Membrane, vacuum pump and blower
• Piping modifications
• Electrical modifications
• Control system modifications

Process Modification Construction

Water Wash ColumnVacuum PumpCO2 Preconcentrating Membrane
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Preliminary Membrane Results with Fixed 
Vacuum Pump Intake

Permeate concentration of 19 vol% CO2 achievable 
with inlet feed CO2 concentration of 12 vol%.

Pressure Temperature
Gas flow 

(acfm)
Membrane 
Inlet (psia)

Vacuum 
(psia)

Membrane 
Inlet (oF)

825 14.8 4.6 101
1000 15.1 4.7 107.5
1300 15.7 5 120
1500 16.2 5.4 134



NETL CO2 Capture Technology Project Review Meeting August 26-30, 2019

• Despite differences in chemistry and 
physical properties, 2nd generation 
advanced solvents have similar 
performance

• Decrease in regeneration energy with 
increase in ambient temperature

• 19% CO2 in permeate achievable with 
preconcentrating membrane

New Knowledge Gained
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Remaining Tasks

1) Complete pre-concentrating membrane performance evaluation

2) Complete water wash system evaluation

3) Update TEA and EH&S assessment
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Technology Development Plan
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