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* Introduction — Why Add Natural Gas Co-Firing?

Engineering Approach
Typical Boiler Performance Impacts

Equipment Modifications
* Gas Firing Equipment
* Fan Evaluation
Emissions Impacts
* Changes to NOx, CO, SOx, PM, Hg...
* Typical AQCS equipment
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Coal Power — Challenges Facing Electric Utilities

* Environmental
* Carbon dioxide, coal ash, wastewater
* Load cycling impact on emissions.

* Fuel Economics

* Variable coal cost - S/ton, delivery &
additives

* Natural Gas < S4/MBtu.

* Increased Cycling and Operating at
Low Load
* Startup costs
* Startup time
 Reliability penalty.
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Environmental Drivers

* Good Neighbor Plan

* Mercury and Air Toxics
Standards

* Greenhouse Gas (GHG)
Standards and Guidelines

Driving conversions
—  despite legal challenges
and set-backs.

ONE SOURCE. MANY SOLUTIONS.
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Natural Gas Firing Benefits

* Lower NOx, CO and CO, emissions.

* PM, SOx, and Hg are practically non-existent.

* Better burner turn-down and lower stable load.

* Improved boiler cleanliness (no slagging & fouling).
* No ash to dispose of and/or store.

* Reduced water use.

* Reduced boiler outages.

* Reduced maintenance.

* Increase unit availability and reliability.

* Potential to fire hydrogen.
* Reduction or elimination of coal handling equipment.

* Reduction or elimination of Air Quality Control (AQCS)
equipment.
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Gas Addition — Maximum Flexibility

Pros:
* Firing up to 100% Maximum Continuous
Rating (MCR) with either natural gas or coal.

* Retrofit existing coal-fired burners with
natural gas or install new Riley Power Dual-
Fuel VSII® burners with STS® gas technology.

e Retrofit and new burners can co-fire natural
gas and coal together.

Cons:
* More complicated burners
(more components in same space).

* Gas components subject to wear.

* If retrofit, there may be restrictions in
performance due to existing burner limits.

© 2026 Babcock Power Services. All Rights Reserved

Dual-Fuel, Center-Fired Gas

7

Dual-Fuel, STS® Manifold

ONE SOURCE. MANY SOLUTIONS.



|CES

cock Power
W

10

Pros:

Reduced maintenance requirements.
Simplified combustion system operations.

Reduced backend environmental

equipment.

Simplified burner front.

Lower auxiliary power due to less
operating equipment.

Cons:

Loss of fuel flexibility.

© 2026 Babcock Power Services
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0% Gas Conversion - Simplicity
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Performance
Engineering Approach
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Designing for Co-Firing

* Evaluate fuel and air requirements.

* Determine impacts to boiler performance
e Steam temperatures
e Spray flows
* Metal temperatures.

 Two Methods Used for Analysis
* Overall envelope calculations — “Basics”

e Boiler thermal model.

ONE SOURCE. MANY SOLUTIONS.
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Analysis Methods — Overall Energy Balance “Basics”

 Establish boiler efficiency
(PTC 4.0 methodology).

* Calculate required heat

Heat input and fuel guantities based on

Gaseous fuel #4: 126,984

PTC 4 Fuel Efficiency Basis

Ib/hr 46,711 scfm @

15,521.6 85.28%
Effic.

L]
in ut a N d S u bse u e nt fu el Fuel Total Ib/hr 372.324 Bitum cosl 245,340 Fuel ﬁFGR Flue Gas
UBC % in residue: 4.30% 996 PRB coal 1]
Ash from fuel 22154 India coal 0 Air
fl OWS . Ash residue, including UBC 23151 Matural Gas 126,934 STSNT 7 ST I e 20%
Flyash entrained
. Total Combustion Air  Ib/hr 5108436 |Flue Gas From Combustion 5,457,609 | specify distrib. in Resid sheet
([ J C | | t fl b d AH air bypass, incl. TA, boiler infiltration 1,113,639 |Flue Gas Recirculation. FGR E 0 b/hr b /b FG
dalCUliate air Tiows based on "oV 3 :
Hot air recirc, % of TCA 0.0% 0 Flue gas through surfaces o 5,457,609 8,520 0.00339
L] = -
AH air leak., % of FGin 25.00% 1,364,402 |Additional air & moisture E] 4]
fuel flows and excess air. ,
irin see air heater section for 5,350,199 |AH Flue Gas In S 5457600 8
. . AH Air Out Individual stream detalls 3,994,797 _|AH Flue Gas Out S B822012 16,205 0.00238
Y A p p rOXI m ate a I r p re h e ate r add'l downstream infiltr. 0% 0 FG w/ additional downstream infiltration 6,822,012 912,712 Lffpwckation
boiler air infiltration (to furn, backpass) 0 FG from furn, w/o boiler air infiltration 5,457,609 16.724%  fwwt@AHm

performance.
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SHin

i O e Determine heat absorption by
o—— = individual surfaces in the boiler.

e
= ﬂ * Calculate metal temperatures,
2 steam temperatures, and spray
Lk flows.
é | LL: * Improves accuracy of overall
[T efficiency calculations based on
—a exit temperatures of steam and
L flue gas.
|—‘_._.‘ 8
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Analysis Procedure

Coal operating data analysis for
* Steam Temperatures
* Flue Gas Temperatures
e Air Preheater Performance
* Fuel Analysis.

* Perform “Basics” calculations at
several load points.

* Develop a thermal model based
on boiler geometry tuned to
match operating data.

* Models and calculations then
used to predict future cases.

2026 Babcock Power Services. All Rights Reserved

Operating Data Boiler Geometry

Establish Baseline

Establish and Tune
Thermal Model

Calculate
Efficiency

Adjust for new fuel combination

Determine new
heat transfer

Recalculate
Efficiency

), 3
Predicted

Performance
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Typ|ca| Results — Fuel Companson

Fuel Heating Value, Btu/Ib

LHV = Lower Heal gVI

%Wt (Wet) Bit Coal Natural Gas 15,000
Carbon % 64.26 72.82 [
Hydrogen % 4.33 23.64 10,000 -
Nitrogen % 1.32 2.61 gy
Sulfur % 3.2 0 5000 -
Chlorine % - - :
Ash %o 9.03 0.00 ’ Bituminous PRB blend
Water % 10.85 0.00 i —
Oxygen % 7.01 0.93 100 Fuel AnaIVSIs ewt) '
Air Requirement Ib dry air ° L o
MBtu 740 723 Ez Hydmgen
Higher Heating Value  Btu/Ib 11,778 22,755 - . | careon
& 52.82
10
0

Bituminous PRB blend

Coal Natural Gas
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Typical Results — Combustion Air Distribution
I
; i - e Excess Air
< « 20% firing coal
e ot I SCR * 10% natural gas.
\/3 * No primary air for
-»L Seoondel M) 100% natural gas.
SE— J « May need to direct
1 _ primary air to
S Air HeatSy secondary air or retip
& (TA. bypass) e e forced draft air fans
for 100% natural gas.
PA Fans FD Fans
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uation
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* New load points on
existing fan curves.

* Fan tipping and duct
alterations.

* New fans or
supplemental fans.
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Typical Results — Air Preheaters

Summary Of Air and Gas Temperaturesg oF Diagram is generic and shows trisector AH.
1 A = — AH heat balance caloulation considers air
_1 mixture through AH regardless of type.

For bisector and tubular AHs, user assigns PA
o windbon temps equal 1o 5A temps, 3nd may or may not H M

gy Ve oy * Minimal change for

of =m == = Mote that averall air temp at steam generator

bupass boundary is not necessarly equal to the air

[se5a | miiure tamg at the air hester. trlsector alr heaters
---------------------------------- * Damper upgrade for

' | 557.1 |
1
, — .
| . separate primary and
i Air Heater secondary air heaters.
! Coold end .
: * Air leakage may change.
: 180.7 | Undiluted (without leakage)
| Afboundary | _AreAd 1. __._
1.50% T.33% 100% TO.5TX ED.DDH""-.--
900 [ 2260 | 1625 [ 1780 [ 980
Steam generator PAbupazz  PA@ AH TCA Sh@ AH bupass I TCA = Tatal Cambustion Air
boundary g L T RE s EE = -_---_I-_

ﬁ steam coils I
@ fanz

PA A gA FLUE GAS
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Typical Results — Combustion Air Adjustments

totalAirFlow

p— "

T

s

gaanmbu' c —_exhaustWithAsh

natGasSource
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=g Coal

Baselire TCA vs, Load

=y Bl 100% 100
Load {%MCE]

ONE SOURCE. MANY SOLUTIONS.



- / = L -
i A R = ." X &
A BABCOCK POWER INC. SUSSIUARY .

Typical Results — Steam Temperatures

[conOwn

Flue Gas Temperature Profile Through Boiler (100% Extrapolated Load)
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Furnace absorption
Tube cleanliness
Excess air.

Co-firing steam
temperatures similar
to coal up to 50%
natural gas.
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Typical Results — Metal Evaluation

1,000 T — = [mmrmm.m
r Dessgn Pressste HG-finng for Design Presssurs
| 2938 paig 100% MCR, Exvapolaled —
| | Honzontal Prmany SH |
20007 x 020" A S0 T
900 + TS : T
D o] | 4208 T1 ,__1«__J_J
SA 20 T | Temnp. Linsit
800 D S
" | 200" 0209 Fhiiid Temmg, Max
- : &AZh0 AT T s,
§ Tm emll— . _"E:"" == hahsrabaon | e
E |
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500 -
Ty Tish Capacty Bmils are e black. sepposings  Tubs metal Mmps ane in ped Shades, a5 Tsing Tens.
- | Seolel Brvws: The tube il termg (ol sed o) is i b compansd i the bube il femg i jaold Black e}
;'I'.'Ilﬂldhll T ho: st mratad [dashad Bni | B 9 b b thi mareial axkiation bmil [dan®ded bk B
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* Mid-wall temperature of
tubes are compared to code
values for material strength.

e Assume tube are in good

condition (not end of wear
cycle).

* Inrare cases, tubes may be

modified to prevent failure.
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Typical Results — Surface Adjustments

32'-0" & TO ¢ WALLS

31'-04" ¢ TO § WALLS

2l
=
O
n
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i e Superheater, reheater, or
economizer surface may be
added or removed to improve
I A performance.
e Air heaters may be modified to
improve energy recovery.

ONE SOURCE. MANY SOLUTIONS.
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Boiler Efficiency vs. Load
100
Hﬂ -
e, : |
a0
70
G0
rod
§ 50
40
i 071 '
30
+— B cy Gas
20
10
i}
20 4 604 8 104
®MCR
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e Calculated by Power Test
Code (PTC) 4 — Loss Based
Calculation.

 Slight reduction firing 100%
natural gas due to higher
flue gas moisture (net loss
of energy due to
unrecovered latent heat).

ONE SOURCE. MANY SOLUTIONS.
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Fuel Equipment Selection

ONE SOURCE. MANY SOLUTIONS.



A BABCOCK POWER INC. SUBSIDIARY

Gas Addition Equipment Overview

* Major components:
 New Burners or Burner Modifications
* Gas Skids
* Gas Piping
* Fuel Yard.
» Safety Considerations:
* Risk Analysis
* Hazardous Area Classification.

© 2026 Babcock Power Services. All Rights Reserved 24
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Typical Pulverized Coal Boiler

Coal Handling
System
Coal
Bunkers

Stack

ESP
or

—
> FF —’ FGD

* ID Fan(s)
Air
o Heater —
Feeders Cold SA
* | 4
Tempered PA Cold PA
< O

PA Fan(s) FD Fan(s)

© 2026 Babcock Power Services. All Rights Reserved 25 ONE SOURCE. MANY SOLUTIONS.
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Co-Firing Coal + Nat Gas

O
Coal Handling >
System
Coal
Bunkers Stack
ac
SCR
Vents
l ESP
o FGD
----- {1 Mile
e
l ID Fan(s)
Air
Coal Heater
Feeders Cold SA
* Fuel
Control
Tempered PA o Cold PA
Alternative fuel Train
Fuel Supply and .(:’ 't:)
Conditioning
PA Fan(s) FD Fan(s)
26 ONE SOURCE. MANY SOLUTIONS.
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Gas Equipment — Flat Wall BUrners

* Wall fired dual fuel burners consist of a
standard central coal pipe and either a
central gas nozzle or multiple gas tips
in the secondary air register.

* Gas piping can be retrofit into many
existing burner designs.
* Burners must be in good condition.

Dual-Fuel, STS® * May require maintenance or
Manifold replacement in some cases.

* New burners may improve emissions
performance in some cases.

Dual-Fuel, Center-
Fired Gas

© 2026 Babcock Power Services. All Rights Reserved 27 ONE SOURCE. MANY SOLUTIONS.
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Gas Equipment — Tangential Burners

* Tangential burners consist of coal and
air compartments.

* Natural gas tips can be added to air
compartments in between coal levels.

‘ Gas Tip

Wafers/Spuds

Gas
Header

© 2026 Babcock Power Services. All Rights Reserved 28
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Gas Equipment - Scanners

* Flame scanners must work
for both coal and natural gas.

 Add new UV scanners or
replace existing scanners
with UV/IR scanners.

RapidEye IS Plus Series
UV/IR Scanner

2026 Babcock Power Services. All Rights Reserved 29 ON E SOURC E MANY SOLUTl ONS.
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Gas Equipment - Ignitors

* Natural gas can be used as a new
ignition source.

* |t can replace existing oil ignitors, or it
can be added as a supplemental
ignitor depending on plant
preferences.

© 2026 Babcock Power Services. All Rights Reserved 30 ONE SOURCE. MANY SOLUTIONS.
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e Class lll = Special Ignitor
* Main fuel is directly ignited using a retractable
HESI (High Energy Spark Igniter).
* Cost Savings:

* Eliminates equipment: igniter scanners, fuel
trains, cooling air systems, etc.

* Decreases maintenance & spares costs.
e Ease of troubleshooting.
* High turndown.
* Ease of boiler warmup.

* Riley Power’s patented dual-fuel direct-spark
technology allows a unit to use main gas
burner as the ignition source for coal while
also allowing up to 100% heat input on either
coal or natural gas.

(1
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* Typical arrangements include
elevation control or total unit
control.

* Block and bleed stations (safety
shutoffs) are placed at each burner
as required by NFPA.

(RS AR R e e C6 SE W

¥ LR it T R B s e Al
By | .| 8 —

2026 Babcock Power Services. All Rights Reserved 32 ONE SOURCE. MANY SOLUTIONS.



- SERVILCES

Gas Equipment - Fuel Yard

* May consist of:
* High Pressure Gas Regulating Skid
e Gas Heater(s)
* Gas Filtration.

Questions For Your Gas Supplier

* What equipment will be provided at
plant boundary?

* What quality natural gas is guaranteed
by your Tariff/Contract?

* Location of tap/lateral on pipeline?

2026 Babcock Power Services. All Rights Reserved 33 ONE SOURCE. MANY SOLUTIONS.
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Gas Equipment - Filtration

MULTI-CYCLONE SCRUBBER
FOR APPLICATIONS REQUIRING
FFICIENT DUST AND LIQUID REMOV)

Coalescing Separators
Filter Skid

Used when the gas supplier
provides filtration at the
metering station.

© 2026 Babcock Power Services. All Rights Reserved 34 ONE SOURCE. MANY SOLUTIONS.
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‘Gas Equipment - Heating

Questions For Your Gas Supplier

as/Liquid Water mix

* What is the delivery pressure?

* What is the hydrocarbon dewpoint?
Why Heat Your Natural Gas

e Joule-Thomson Effect

* Conservative Estimate:
7°F for every 100 PSI of Pressure Drop

¢ Modeling/Experience: 5°F/100 PSID
* Hydrocarbon dewpoint control

All Liguid Gas/Liquid HC/Liguid|Water Mix

* Icing Control
* Internal & External

Technology
* Water Bath
* Indirect Fired Thermal Fluid System

© 2026 Babcock Power Services. All Rights Reserved 35 ONE SOURCE. MANY SOLUTIONS.
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Fuel EQuipment - Gas Heating

Water Bath Heater

* Pros:
* Historic usage in plants
*  Simplicity
* Low Maintenance.

* Cons:

* Low Thermal Efficiency: ~80%
* Limited turndown

* Governed by burner turndown & Bypass Flow Control Valve
* Large glycol volume.

Indirect Fired Thermal Fluid System
* Pros:

* Large turndown/Increased Flexibility

e Burner Turndown, Glycol Temperature Setpoint, Glycol Flow Through HX

* High Thermal Efficiency: ~87%

* Only about ~4% of the required volume of glycol compared to Water Bath Heater.
* Cons:

* Increased equipment

* Increase maintenance.

© 2026 Babcock Power Services. All Rights Reserved 36 ONE SOURCE. MANY SOLUTIONS.
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Gas Equipment —
Gas Regulation & Overpressure Protection

Questions For Your Gas
Supplier

* Whatis the delivery
pressure range?

*  What is the design pressure
of the pipeline/lateral? o

ASME B31.1 122.8.1.D(1)
* A full System Relief Valve
OR

* Slam Shut Valve

LEAKAGE RELIEF
VALVE

* Tandem Pressure Regulators ...
(Worker Monitor)

N

TANDEM PRESSURE REGULATORS
(WORKING MONITOR)
© 2026 Babcock Power Services. All Rights Reserved 37 ONE SOURCE. MANY SOLUTIONS.
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Safety Considerations — =
Process Hazard Assessment

* Identify ways process can deviate impacting:

.
~
4 4

SuSM.

Sewwity Pk LiwboodDutrsors | [ AusermeneV Feanrg

A
]
i

i

Personnel Cer
Er— abse
Resource —— —— : e
Property damage. p it T | e e
* Rank deviations based on likelihood and pes T [r— p— S,
impact' Hashotie Mo e Mo rmpact Mo delwsr Mice Noerpact

* Develop safeguards to mitigate the
deviations to acceptable levels.

* Guiding Documents:

OSHA 29CFR1910.119 PSM: ° Activities

IEC 61882 Hazard and operability studies ~ °  Ventilation Study
(HAZOP studies) * Hazardous Area Drawings
NFPA 497 * Hazardous Area Report
API RP 500. * Locate Gas Detectors

Modify Equipment.

© 2026 Babcock Power Services. All Rights Reserved 38
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Impact on Emissions
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Emissions — CO,

€O, Comparison

* Reduced CO, emissions firing 0

natural gas instead of coal.

* Proportional reduction when co- )
firing natural gas with coal. !

e Gas conversion or addition are
low-cost methods to reduce CO,. P

0

CO , (Ib/MMBtu)
g

m100% Coal (Ib/MMBI)  m40% NG/BO0% Goal Co-Firing (I/MMBtu}  m 100% NG (Ib/MMBtu)
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NOx Emissions (lb/MMBtu)

Emissions — NOx

0.7

0.6

e

(5]

%]

-

0% OFA

m 100% NG (10% Excess Air)
W 100% Coal (Current - 0% OFA, 20% Excess Air)
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[ ]
0.5
0.
0.
[ ]
0.
n. I I .
1]

10% OFA 20% OFA

m 40/60 Co Firing (20% Excess Air)

a1

NOx emissions are impacted by
* Excess air
e Overfire air (OFA)
e Combustion air temperature
* Flue Gas Recirculation (FGR)

Firing natural gas typically reduces NOx.

Co-firing also reduces NOx, but to a
lesser extent, and impacted by air
conditions like coal.

ONE SOURCE. MANY SOLUTIONS.
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Emissions — Impacts to SCR systems

% NOx Removal
Ammonia Demand (Ib/hr)

b

Co-firing Matural Gas

If NOx permit limit is reduced, SCR ammonia demand may not change significantly.

If limit is not changed, ammonia demand significantly reduces.

2025 Babcock Power Services. All Rights Reserved
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Emissions — Impacts to SCR systems

[FlowServe Mark One Angled Globe Valve, Trim 0.258 Cv:1.2) SCR inlet temperature at 100% Load
90
l I:j 800
Ani Ammonia
= // DESIGN
s 780 ¢
70 L
< ==Temperatfire (70°F) 760 ¢ CURRENT
£ s ] 8
g "‘7, & NH3 fow 740 ¢
8 % /.5/ :
i 4 Point - 1 _Reference Case-1 Design E 720 ¢
S 10 Coal =
e 40 m Point-2_StudyCase-2CoalFiring [ | £
2 Point -3 _ Study Case -3 Coal Firing e 00
S 20 Point -4 _Study Case - 4 NG Firing H
e Point-5 S:udyC -5 NG Firis —i
g Y Poim.6. Suaty Cave. 6 NG g 680 [ FUTURE
o Point-7_ Study Case - 7 Co-Firing
2 20 Point - 8 _ Study Case - 8 Co-Firing i
2 Point -9 _ Study Case - 9 NG Firing r
= / Point - 10 _ Study Case - 10 Co-Firing 660
10 Point-11_StudyCase-11CoFiing | |
/ I 640
0
0.00 0.50 1.00 1.50 2,00 2.50 3.00 3.50 4,00 620
NH3 Flow (GPM) PRE Coal PRB Coal NG OR H2/NG

* Reduced ammonia demand may require ammonia pressure setpoint change or new ammonia flow control
valve and flow meter.

e Catalyst activity not impacted by lower inlet temperatures when firing natural gas due to no ammonia
bisulfate formation.

» Catalyst life will be extended due to reduced catalyst poisons (heavy metals, arsenic, calcium binding, etc.)
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Air Quality Control System Impacts

SO, and SO; emissions reduced in proportion to natural gas
and near zero for 100% natural gas:

* FGD systems remain in service when co-firing

* Reagent demand based on permit levels.
Particulate Matter and Mercury reduce in proportion and
near zero for 100% natural gas.
Auxiliary equipment loads reduced:

* Air compressors for instrument and service air

* Service and process water supply systems

* Steam and condensate handling

* Waste water treatment.

Some of AQCS may be eliminated fully for 100% natural gas:

* Dry sorbent injection

* Powdered Activated Carbon injection

* Spray Dryer Absorbers

* Baghouses or Electrostatic Precipitators.

© 2026 Babcock Power Services. All Rights Reserved
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% SO, Removal

100.0%
99.5%
99.0%
98.5%
98.0%
97.5%
97.0%
96.5%
96.0%
95.5%
95.00%

Coal Design

Operating Coal Co-firing
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Any Questions?
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