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This was all written before the release of the EPA’s Clean Power
Plan in June 2014.

Now plants must also consider this:



Reducing the carbon intensity of generation at individual affected EGUs
through heat rate improvements;

Reducing emissions from the most carbon-intensive affected EGUSs in the
amount that results from substituting generation at those EGUs with
generation from less carbon intensive affected EGUs (including NGCC
units under construction);

Reducing emissions from affected EGUs in the amount that results from
substituting generation at those EGUs with expanded low- or zero-
carbon generation; and,

Reducing emissions from affected EGUs in the amount that results from
the use of demand-side energy efficiency that reduces the amount of
generation required.



Section Detalls
ENVIRONMENTAL, OPERATING & ECONOMY IMPACTS



Commercial Considerations



CApPayg = $2.12
Nappayy = $2.41
LBy, =$1.84

PRB,,, = $0.65

Avg. Delivered
Forecast for 2015
= $2.34/mmBTU



Average Henry Hub Pricing for last 4 weeks = $2.81

Allowing $0.40/mmBTU for Delivery = $3.21/mmBTU



Heat Rates
« Small Coal Plant
¢ Combined Cycle Gas Plant

Fuel Prices
 Avg. Coal (delivered)
* Gas (delivered)

Cost/MWHr
« CAPP=%2.34x10=
e Gas =%$3.21 x6.75=

10.00 mmBTU/MWHr
6.75 mMmmBTU/MWHr

$2.34/mmBTU
$3.21/mmBTU

$23.40/MWHTr
$21.67/MWHTr



Economy Considerations
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In the presence of solar and wind supply, coal plants are being forced
to cycle more dramatically than in the past. All emissions are affected
by load transition and unstable firing conditions.



 Wind in the Southwest presents problems due to
variability and timing of useful wind patterns

 PVin Southern Cal/FL and NC has become a major
problem:

* Residential PV is creating phase imbalances that require non-
billable utility generation to stabilize,

« Timing of Solar residential generation does not coincide with
residential vs. industrial demand

 Coal and CC generation must be able to follow demand
on a much more rapid and close coupled basis



Source: EPA Acid Rain Database

Cycling has a major effect on total system dispatch effectiveness.
Allowing the coal plant to achieve a much lower minimum load can
have dramatic system wide cost and emissions implications.






31% of 8,760 hours = 2,716 annual hours at low load

2,716 x 200MW = 543,200 MWH
e 543,200MWH x 10 mmBTU/MWH = 5,432,000 mmBTU
* 5,432,000 mmBTU x $2.34/mmBTU = $12,710,880

2,716 Hr x 100MW (50% Coal/Gas)

e 2,716 x 50MW x 10 mmBTU/MWH = 1,358,000 mmBTU Each,
Gas and Coal

» 1,358,000 MmBTU,, X $2.34 = $3,177,720
. 1.358.000 mmMBTUg,. x $3.21 = $4,359,180
« Total Fuel Low Load CoFire = $7,536,900

Fuel Savings from Low Load CoFire Operation = $5,353,980



Reduction to 100MW Floor = $5,353,980 in coal savings

 Replacement Power from NGCC

e 2.7/716 x 100MW =271,600 MWH
e 271,600x 6.75 MmmBTU/MWH = 1,833,300 mmBTU Gas
« 1,833,300 mmBTU x $3.21 = $5,884,893 in CC Gas Cost

Worst-case Fuel Savings(Loss) = -($531,003)/yr.
Best-case Fuel Savings = $5,353,980/yr.



CO, Release:

Gas = 0.058 Ton/mmBTU
Coal =0.102 - 0.106 Ton/mmBTU



31% of 8,760 hours = 2,716 annual hours at low load

* 2,716 x 200MW = 543,200 MWH
¢ 543,200MWH x 10 mmBTU/MWH = 5,432,000 mmBTU
e 5,432,000 mmBTU x 0.103 Ton/mmBTU = 559,496 Tons CO,

Reduction to 100MW Floor @ 50% Coal/Gas

* 2,716 X 5S0MW ¢ /coa = 135,800 MWH
e 135,800 x 10 mmBTU/MWH = 1,358,000 mmBTU Gas & Coal
« 1,358,000 mmBTU x 0.058 = 78,764 Tons CO, from Gas

* 1,358,000 mmBTU x 0.103 = 139,874 Tons CO, from Coal
 Total Tons CO2 from Low Load CoFire = 218,638 Tons

Total Low Load CO2 Reduction = 340,858 Tons CO2



If the 100 MW of reduced load is needed by can be moved
to NGCC.:

e 2,716 Hr x 100 MW = 271,600 MWH
e 271,600 MWH x 6.75 mmBTU/MWH = 1,833,300 mmBTU
e 1,833,300 mmBTU x 0.058 = 103,331 Tons CO, from CC

Low Load CO2 Reduction:
Best-case = 340,858 Tons
Worst-case = (340,858 — 103,331) = 237,527 Tons



Enhanced Gas CoFiring
THE BEST OF BOTH WORLDS



The walls and Upper
Heat transfer surfaces
are designed to accept
heat from high emissivity
coal particles

Simply re-powering with
natural gas has inherent
limitations due to the
need for different heat
transfer surfaces



Il

Gas CoFiring marries
natural gas and coal at
each burner, injected
through a modified
igniter.

It also adds a portion of
the total heat input as
gas in the upper furnace.
This is known as Fuel
Lean Gas Reburn.



Il

The Goal is to get up to
35% of the total heat
Input converted from
coal to gas.

With 25% - 30% of that
coming at the igniter
location and 5% - 10%
coming at the FLGR
location.



Dual Orifice CoFire Igniter



A typical NFPA Class 1
Igniter:

* 10% of the Heat Input of the
associated burner,

« Single, fixed size fuel spud,
« Single, fixed flow air supply

Providing Higher Gas Volume:

« Requires higher gas inlet
pressure,

* Increases gas igniter flame
velocity and penetration



Providing 25% of the Heat to
the boiler through a Class 1
igniter will extend the ignition
flame into the center of the

furnace.

This will have the effect of
driving Furnace Exit
temperatures UP, but keeping
wall steam generation LOW.

Resizing the igniter for 25%
standard throughput will make
It unstable at low throughputs



Maximizes Gas flow while maintaining heat
proximity to the furnace walls

Cofire gas comes from a higher
area secondary annulus



f:n;;pu::lt 1 3 30 SR

1)

2)

3)

Upper Left is Core only with 20 mmBTU. Max
flame temp = 1644, notice the flame size

Upper Right is Cofire with 35 mmBTU-
combined heat release. Max flame temp =
1832.

Lower Left is Cofire with 65 mmBTU-
combined heat release. Max flame temp =
2033.



System Requires:

e 80 CFM Forced Combustion
Air/lgniter

» |solation Valve between Core and
CoFire sides

 Pressure Control on the Core
side

e Additionally we remotely
monitored:

e Gas Pressure
e Air Pressure

 Core Flame Stability



Fuel Lean Gas Reburn
COAL DISPLACEMENT WITH NOy REDUCTION



* Injects 3% to 10% of Fuel into Upper Furnace

e Locally Fuel-rich Pockets
with-in Fuel-lean
Upper Furnace

* 3-5% NO, Reduction
for each 1% Fuel



Natural Gas is injected via a series of injectors that are
designed to create Micro-Swirls in identified higher NO,
zones,

Essentially:
« CH,+NO, = N, +H,0+CO

The N, and H,O parts are simple, the CO combines with flue
gas Oxygen to become CO, through the backpass.

The limiting factor on the amount of Natural Gas used, and the
resulting NO, reduction, is the mixing and residence time
required to complete the CO:CO, reaction
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13 System were deployed between 1998 — 2001.

On average a 5% - 7% Gas Heat Input realized a 25% - 30%
reduction in NOX prior to the current SCR location



Furnace CoFiring Impact



Reduction in Minimum Operating floor was derived from avoidance of SCR
MOT issues (due to reduction in SCR Inlet SO3) and ability to run safely
on 1 mill instead of two






Environmental Impacts



At Full Load a 16% NG Heat Input
resulted in a 4.6% reduction in SCR
Inlet NOXx



In general, the drop in SO2 followed the
Displacement of Coal with Natural Gas
on a percentage basis.












Low Heat Rate Scatter is generated in Dry Months.
Typical Heat Rate is improved with Gas CoFiring



At full load, 16% NG Heat
Input gas a 9.8% reduction in
CO2



Gas Replacement Commercial Benefits



From Industry Publications:

Cost of SO, O&M = $135.90/Ton removed
Cost of NOx O&M = $407.70/Ton removed
Cost of CCR Disposal = $20.00/Ton avoided

Cost of Hg? = $10,000/Lb.
Cost of SO3 Removal



SO2
e Original = 5,432,000 mmBTU x 4 Lb/mmBTU = 10,864 Tons SO,
» Cofire =1,358,000 mMmBTU,,, X 4 Lb/mmBTU = 2,716 Tons SO,

* Reduction = 10,864 — 2,716 = 8,148 Tons SO,
e $135.90/ton x 8,148 Tons = $1,107,313 Saved

NOX

* Original =5,432,000mmBTU x .3 Lb/mmBTU = 815 Tons NOx
 CoFire =2,716,000 mmBTU x .255 Lb/mmBTU = 346 Tons Nox
 Reduction =469 Tons

e $407.70/Ton x 469 Tons = $191,200 Saved

 This could be offset by NOx Reduction cost at NGCC



Particulate
* Original =5,432,000 mmBTU/25mmBTU Per ton coal
* Original = 217,280 Tons Coal x 10% = 21,728 Tons Ash

e 100 MW CoFire = 25% coal use =5,432 Tons Ash
« 16,296 Tons Ash Avoided @ $20/Ton = $325,920

Combined Low Load Environmental Savings
$1,107,313 +

$191,200 +

$325,920 = $1,624,433



Baseline:

* 465 MW x 10mmBTU/MWH x 2800 Hr = 13,000,000 mmBTU
« S02=26,000Tons

* NOx =1,950 Tons

e Particulate = 52000 Tons

S0O2 Reduction =20% = 5,200 Tons = $706,680
NOx Reduction = 30% =585 Tons = $238,505
Particulate Reduction = 20% = 10,400 Tons = $208,000
Total High Load Environmental Benefit = $1,153,185

Plus a CO2 reduction of 117,000 Tons (8.7%)



Original = 13,000,000 mmBTU x $2.34 = $30,420,000

20% Cofire
* $24,336,000 in Coal Cost
» $8,346,000 in Gas Cost
» $32,682,000 in Total Cost

A total fuel cost penalty of $2,262,000
When Offset by the Environmental Savings of $1,153,185

Total Cost Penalty = $1,108,815 per year



Summary



Il

Coordinated use of Natural
gas at the burner and upper
furnace areas provides a
significant environmental
benefit at moderate to little
cost

Advanced use of Enhance
Gas Cofiring can provide up
to 70% of the environmental

Improvements needed by
non-controlled EGUs at less
than 10% of the cost



Il

Employment of Enhance Gas
Cofiring on both controlled
and uncontrolled units
provides Fuel Flexibility
options that can:

1. Maintain dispatch viability

for smaller, bubble, units

2. Allow blending of lower

cost coals to enhance
commercial viability,

3. Allow a current “Coal

Fired” EGU to remain
coal permitted as a hedge
against changes in fuel
pricing.



« This analysis does NOT include:

 Maintenance impacts of reduced start/stop
e Savings in Mercury removal cost
e Savings in improved mill performance

 The ability to move from Bituminous to PRB fuel with
Natural Gas Dilution

Many, many thanks to the Staff at Orlando Utilities Stanton
Energy Center



Questions?
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