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IMPROVING COAL PLANT
— EFFICIENCY
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Education and networking for the electric energy Industry.




.
[ EPA DOCUMENT; EXCERPT 111 (d) l

ﬂ. BSER Factors Informing State Emission Rate Goals

(BSER = Best System Emission Reduction)

e The GHG Abatement Measures TSD describes the four categories of
emission reduction measures (building blocks) used in determining the
state emission rate goals. That document describes EPA’s historic data
review and analysis underlying each technology and informing EPA’s
assessment of its feasibility and cost-effectiveness as part of a BSER. The
technology estimates determined through EPA’s analysis and
documented in the GHG Abatement Measures TSD are summarized
below. These estimates are used in EPA’s calculation of state emission
rate goals, as described in this TSD.

* Heat Rate Improvement
PrOposed """ 6% Heat-Rate (includes, “Upgrades” ?)

e Alternative -- 4% Heat- Rate ( “Operational” Improvements)
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Presenter
Presentation Notes
A reading of the EPA document leads us to believe that equipment “Upgrades” can be applied to work toward the 6% Heat-Rate goal. Personally, I am not so sure this is what they mean by the use of the word “UPGRADE”. I hope it is, but I am aware of a number of Utilities that are still concerned about “New Source Review” violations. One other point, a 4% Heat-Rate improvement is possible for an “Average” plant. But a 4% improvement from a better than average performing plant will be harder. Dick Storm publications in POWER, EPRI and other organizations has long believed that there is truly 300-500 Btu’s per kWh Heat-Rate improvement in the average coal plant. 


[ BEYOND THE PLANT FENCE COAL PLANT HEAT-RATE Y
“CHALLENGES”

K Low Natural Gas Prices Creating a Gas First
Dispatch which then causes....

e Low Capacity Factor Operation as a Result of Lower
Cost Gas First and then “Must Run” Renewables and
Nuclear Units

e Cycling which Creates Startup Losses

e Air Heater Fouling from Operation at Low Loads
and Especially, Low Night Load Demand

 Low Steam Temperatures at Reduced Loads

e Slagging and Fouling from Burning the least cost
fuels
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Presenter
Presentation Notes
External issue are making it harder for power plants today to run at their “Best” performance. Extreme load demand swings to handle unpredictable  “Must Run” Renewable power swings, night time low load operations and burning the most difficult fuels all combine to make the natural heat-Rate less near optimum now, than what the industry was capable of doing several years ago. 


STORNM

Table 3: Top 20 Coal Ranked by Heat Rate (2013)*
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“Exdudes cogenerating faclities
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Presenter
Presentation Notes
These “Industry Best” Heat-Rates” are shown just to illustrate the perception that Regulators may have. These Units are mostly Supercritical plants. Well run, yes, but also the cycle theoretical designs provide an advantage. Any that are “Base Loaded” also have an advantage.


TYPICAL “BEST” SUB-CRITICAL UNIT HEAT-RATE

PERFORMANCE
Stack X
—
Typical Losses for a 2400psi / 1000°F / 1000°F Unit Losses
Based on a Heat rate = 9,571 Btu/kWh (or ~35% Thermal Efficiency)
459% Remember: 1kWh at 100% Efficiency = 3,413 BTU’s
(o}
s Soot Blowing
' Leaks
Boiler | | o
O
(0]
g
Cooling
Tower
6-8% Auxiliary FD Fan ID Fan
Horsepower To Drive  Pulverizers, Fans, and Environmental
Equipment

B
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Presenter
Presentation Notes
Just a reminder that when we are operating at 35-40% overall efficiency it is very good. Today a typical 2400/1000/1000 plant will have a hard time achieving a heat rate of 9571 Btu’s/kWh “Net” Thermal Efficiency. Due to the extreme parasitic power demands of FGD and other environmental clean up equipment.


a NETL-PLOT OF THE USA COAL FLEET EFFICIENCY
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Presenter
Presentation Notes
The National Energy Technology Laboratories (NETL) provided this data to show the spread of the “Best and Worst” Heat Rates experienced in the USA. The point of the slide is to show the extreme variations in (Heat Rates) Thermal Efficiency, between different plants.


L
OPPORTUNITIES FOR APPLYING EXCELLENCE IN O&M I
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Presenter
Presentation Notes
Storm Technologies has been using this slide for decades to show the best designs of Supercritical cycles and the trend of the average and the Best Coal Plants in the USA. The last two Bars show the range of heat rates between the best and the average based on data in about 2008. It is not much diifferent today and the conditions are worse. The electric demand swings are wider which require some large coal plants which were designed for “Base Load Operation” to either drop down at night to very low loads or even cycle off as “Peaking” Units. This type of operation is very hard on the equipment and also is not conducive to achieving “Best” possible Heat-Rates”


[ COMMON “CORRECTABLE” BOILER OPPORTUNITIES l

/Secondary Combustion at Furnace Exit

 Burner Belt Balancing for Flue Gas consistency (to reduce Ammonia
Slip and CO)

e Air Heater Ammonia Bisulfate Deposits

 AirIn-Leakage

d ngh Primary Airfl OW, Tempering Airflow above optimum is especially harmful to performance
 High Reheater De-Superheating Spray Flow

 Low Steam Temperatures at Reduced Load

* High Draft Losses from Fouling

e Minimum Airflow Calibration for a true 25% Minimum Total Air
Flow

Bl
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Presenter
Presentation Notes
Here are the most common opportunities for improvement by applying excellence in Operations and Maintenance.


[ IMPROVING UNIT EFFICIENCY BEGINS AT THE BOILER l

ﬁlLER CONTROLLABLE
HEAT-RATE FACTORS:
e EXIT GAS TEMPERATURE

 AIRIN-LEAKAGE .;
« HIGH TEMPERING AIRFLOW

o FLYASH LOI g &
« STEAM TEMPERATURES Z &
e DE-SUPERHEATING SPRAY WAT ]
FLOWS f

 AUXILIARY POWER
e SOOTBLOWING
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Presenter
Presentation Notes
It has been my experience that some plants can achieve “Design Boiler Efficiency” and Design Turbine Efficiency” but the Plant Heat Rate is not even close to design. How can this be? Some turbine performance parameters are controllable at the boiler but do not negatively affect boiler efficiency. Such as steam temperatures, desuperheating spray water flows, sootblowing steam consumption,  draft losses and tempering airflows. If the ASME “Short Form Efficiency Test” is completed, another factor that does not show up as a loss in boiler efficiency, is air in leakage. Why? Because the ASME, PTC 4.1 Short Form test assumes that the flue gases measured at the Boiler Exit all entered the boiler through the burners to calculate the pounds of flue gas per pound of as fired fuel. When in fact, if much air is entering the setting, after the Boiler Combustion is completed in the furnace, the air is doing nothing for combustion.


“STEALTH” O&M CORRECTIONS POTENTIAL

FOR BEST HEAT-RATE , COAL POWER MAGAZINE, AUGUST 2013
) —

|  Potential heat rate Potential annual
| improvement {Btu/kWh) luel savings

Boiler and ductwork ambient air in-leakage ' 300 S819.000
Ory gas loss at the air heater exit | 100 $273.000
Primary airflow | 757 §204,750
Steam temperature | 75 $204,750
De-superheater spray water flow | 50 %136.500
Coal spillage | 25 $68,250
Unburned carbaon in flyash | 757 $68.750
Unburned carbon in bottom ash | 29 68,750
Slagging and fouling 25 $6R 250
Cycle losses 29 368,250
All others, including sootblowing and auxiliary power factors | 25 368,750
Total | 750 $2,047,500

ate: a. Interactions bebtween vanables will impact meating this estimate.
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Presenter
Presentation Notes
This is a published table from POWER and Coal Power Magazines. It shows the quantified values of heat rate penalties most commonly found on large Utility Boilers and a rough cost penalty of the losses.


Furnace Exit Secondary Combustion



Presenter
Presentation Notes
Here is a view inside a furnace at the Nose Arch level. The active carryover of flames are very apparent in this video. It is not always this clear to see with the naked eye, in fact, this is unusual. When secondary combustion does exist, the active burning flames may be over 1,000 degrees F. above optimum levels. (and we have tested to prove that is the case. This is not an exaggeration)
In some plants we have seen Furnace exit gas temperatures that exceeded the melting temperature of Platinum-Platinum Rhodium Thermocouples (about 3,200 Degrees F.) that when the secondary combustion was corrected, the FEGT was in the range of 2,100 2,200 degrees F.



\
[ COMMON CAUSES OF SECONDARY COMBUSTION l

* Low Furnace Excess Oxygen
 High Primary Airflow
 Extreme Fuel Imbalances
 Poor Fuel Fineness

 Combustion Airflow Proportioning not
Optlmum ie; High Over-fire Airflow, High Under-fire Airflow

 Extreme Secondary Airflow Imbalances

 Burner Mechanical Damage (usually from
overheating and warped parts)
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EFFECTIVE SOOT BLOWING IS IMPORTANT!

Why?

» Can mitigate Higher FEGT due to fuel changes with
lower ash fusion temperatures such as: switching fuels or
blending. Especially by effective Water-Wall Cleaning:

e Low Sulfur coal (e.g. PRB)

e High Sulfur coal (Eastern Bituminous & [LB)

» Reduction of “Cinder Carryover” to Convection Pass

Molten ash particles begin to sinter on leading edge of
pendant sections Removal can reduce Air Heater and SCR
Fouling which causes increased draft losses, increased fan
power and increased boiler air in-leakage

 Reduction of Boiler Exit Gas Temperatures

e Reduction of SH and RH Spray Water Flows

B
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4
[ COMBUSTION OPTIMIZATION IS A TEAM EFFORT l

/I‘esting to Identify Opportunities
v Apply Operational Excellence 24 /7

v'"Maintenance Optimization of Pulverizers

v Instrumentation Calibrations and Tuning for best
Load Response, best Combustion Performance,
best Combustion Airflow Proportioning (Primary
Air, OFA and Secondary Airflow’s)

v'Apply 13 Essentials to the “Burner Belt Input’s”

v'Be Vigilant of the 22 Boiler Controllable Heat-Rate
Factors

411 North Depot Street
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S1X POINTS TO KEEP “BEST” PERFORMANCE
TEAMWORK IS NEEDED 12 MONTHS OF EVERY YEAR

Program Introduction
and/or Performance
Preservation Planning

_ Training &
Post Outag.e Testing Implementation of a
Presentation and Performance Testing
Overview Program
. Evaluation of the Plants
Post Outage Testing and Data & Test Results
Tuning .
(Data Interpretation)

Review of Plant
Performance Opportunities
& Outage Planning

411 North Depot Street
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[HES

[ISTORNEN

FIRST, PERFORM A COMPREHENSIVE EVALUATION
IDENTIFY THE OPPORTUNITIES FOR IMPROVEMENT

© STI, Storm Technologies, Inc. — All Rights Reserved

“Stealth Losses” Evaluation

Quantify Boiler “Air In-Leakage”

Fuel Line Performance Measurements

Mill Inlet Primary Airflow Calibrations

Total Secondary Airflow Measurement & Calibration
Furnace Exit Gas Temperature & Flue Gas Constituents

Economizer Outlet Flue Gas Measurements

ID Fan Discharge / Stack Inlet Flue Gas Measurements

411 North Depot Street
Albemarle, NC 28001
Office: 704.983.2040



AIR IN-LEAKAGE AND X-RATIO DEVIATIONS
IDENTIFIED BY TESTING, CORRECTED BY MAINTENANCE

T8
“STORNEN

Over-Fire Airflow /

Boiler Exit Flue Gas (720°F)

Combustion Airflow
to Burners

/ Air Heaters

Air Heater Leakage Paths
Radial Seals, Axial, Bypass,
Circumferential,

Combustion Airflow to Pulverizers

Tempering
Airflow to
Pulverizers \

APH Flue Gas Exit & APH
Leakage Air

Combustion Airflow
to the Furnace

Force Draft Fans

411 North Depot Street
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A}So Iém Identified and Quantified
issa problem Half solved.... Ben Franklin
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Stealth Heat Rate Loss No. 1: Air In
Leakage

Air in-leakage into zones 2, 3
and 4 are measured by the
permanent oxygen analyzers,
yet this air does nothing for
combustion.

- Upper Furnace

[ middle Furnace
Lower Furnace (1)

Bl Penthouse (2)

D Convection Pass (3)
D Flue Gas Ductwork (4)
- Secondary Air and Windbox
Bl Air Heater (5)

[l Primary Air

Normal location of the
permanent oxygen analyzers
for boiler C)2 trim.




‘a EXAMPLES OF COMMON BOILER EXPANSION JOINT I
e AIR-IN LEAKAGE

411 North Depot Street
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Case Study: Air In-Leakage

These examples show air in-
leakage after the furnace
exit. The ideal condition of s

7.00

no leakage would leave the |,
O, percentage constant. °”

4.00

Leaks in the system cause :w
heat losses and thus

decrease the system oo
efficiency.

10.00

A

%wo.

/U 2 /
/ e=f=Test 1

// === Test 2

‘7//

Test1 - % Leakage

80.00
70.00
530.00
50.00

40.00
O3 (%)30.00 i

20.00
10.00

0.00 A
-10.00
-20.00

Furnace Exit Econ Outlet APH Inletto APH Outlet Precip Inlet Total
to Econ Inlet to APH Inlet APH Outlet to Precip to Precip Leakage
Inlet Outlet
Test Locations

EEast @West mBAverage

HVT APH In APH Out ID Fan Out



PROVE EXCESS OXYGEN AT THE FURNACE EXIT

HESLLTS
 STORNMEN

Flue Gas Analyzer

Gas Conditioner

Support Hanger

N

Radiation Shield
\ Digital Thermometer

Thermocouple

Thermocouple Out  \water Connection Shield

411 North Depot Street
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Presenter
Presentation Notes








Although the burners were not replaced with Low NOX burners, they were modified by from the original design.  




Air In-Leakage
Can be a Very Large “Stealth Loss”

Tracking Oxygen in the Boiler

Furnace Leakage (Avg) 19.37% 660
/ | Secondary APH 1 Leakage 9.29% 21

Secondary APH 2 Leakage 19.51% 187

Primary APH Leakage 61.11% 432

Secondary APH 1 Inlet: 5.73%

— 75econdary APH 2 Inlet: 5.88%
.

Primary APH Inlet: 5.42%

Secondary APH 1 Qutlet: 7.15%

— L.\,,l Secondary APH 2 Qutlet: 8.56%
| Primary APH Outlet: 11.68%

I I.H i i I:f il I":’ | ".F | l Y



@\ | APPLY THE 13 ESSENTIALS-GET INPUTS RIGHT!

S8 AR Suggest Review of RMEL Presentation in
' | 2012
“One More Time: First Apply the
Fundamentals”

411 North Depot Street
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RESULTS

STORM

Thirteen Essentials of Optimum
1. Furnace exit must be oxidizing preferably, 3%.

Cm SO ) SUrriers

2. Fuel lines balanced to each burner by “Clean Air” test 2% or better.

3. Fuel lines balanced by “Dirty Air” test, using a Dirty Air Velocity Probe, to 5% or better.
4. Fuel lines balanced in fuel flow to £10% or W W\

5. Fuel line fineness shall be 75% or more p f'.,'-i'-.j'.

6.

7 2

B.M&fﬁmfmmummmm"ﬁ;mm
Q. Fuel line minimum velocities shall be 3,300 fpm.

10. Mechanical tolerances of burers and dampers shall be +1/4” or better.
11. Secondary air distribution to burners should be within +5% to +10%.

‘IQ.M&cdmﬂuwzmmummbadmmmemedaﬁcmtrolledasaccuratelyasp-ossble.
Load cell equipped gravimetric feeders are preferred.

13. Fuel feed quality and size should be consistent. Consistent raw coal sizing of feed to pulverizers is a good start.



L FLYASH EXAMPLE OF ENGAGING ENTIRE TEAM

hree part Flyash Analyses, Sample MUST be Representative

Place 50 grams of ash on the 200

. MESH for sieve analysis
200 MESH SIEVE

DETERMINE L.O.l. OF RESIDUE ON

(COARSE ASH)
200 MESH SCREEN AND IN PAN
/ L.O.l. OF FINE ASH MUST BE LESS

THAN 2% (low volatile eastern
fuels); or less than 0.2% ( high
volatile western fuels)

BOTTOM PAN

(FINE ASH)

.
411 North Depot Street
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[ FIVE STEPS TO IMPROVED HEAT- RAT_]

/ Engage the Entire 0 & M Team

* Test and Identify “Stealth Opportunities”
for Improvement

e Optimize the 22 Boiler Controllable
Variables

e Identify Equipment Opportunities

e Apply “Upgrade” Improvements to Boiler,
Turbine & Balance of Plant

© STI, Storm Technologies, Inc. — All Rights Reserve d



[ EXAMPLE: RESULTS OF CORRECTED BOILER “INPUTS” l

HESLY
ST

( Reduced Secondary Combustion

 Reduced De-Superheating Spray Water
Flows

e Less Draft Losses

 Lower Flyash LOI

e Less High Temperature SH Sootblowing
 Reduced sootblowing steam losses

411 North Depot Street

© STI, Storm Technologies, Inc. — All Rights Reserved Albemarle, NC 28001
Office: 704.983.2040




. . . - b
OPTIMIZING COMBUSTION AIRFLOW PROPORTIONING
& TOTAL COMBUSTION AIR

Unburned Zone of Operating Here:
Fuel Loss Optimum Results in Excess Heat
\ Combustion Lost Up the Stack
Efficiency

Operating Here:
Results in
Wasted Fuel

Heat Lost in Flue Gases (%)

\ Excess Air Loss

Total Air (%)

411 North Depot Street
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Heat Rate Variables at the Boiler

Results of Applying Corrections to Controllable-]

N
<
10,100 - S
S Actual Case Study
10,050 1 450 MW, C-E Corner-Fired
10,000 1 2,400psi/1000/1000 °F.
9,950 -
L 9,900 1
2
< 9,850 o
9,800 - S ~
9,750 - -
o
9,700 - ©
9,650 -
9,600 . . . . .
0 12 24 36 48 60

Months after beginning combustion optimization
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Reheat De-
Superheating Spray
Water Flows

Air In Leakage

High FEGT, Excessive Sootblowing
Cinder Carryover, Draft Loss Issu

From Fouling.... Steam Cycle Losses

From Excessive
Sootblowing

\ Higher than

Optimum Carbon
In
Ash (LOI)

High Primary Air
Tempering Airflow



APPLYING “INPUTS” EXCELLENCE TO A
WALL-FIRED 650 MW, 2400 PSI /1,000/1,000° F.

Improved all of these:

Air in-leakage prior to the air heater

e Air heater leakage

e AH. Exit Gas Temperature (corrected for leakage)

* Reduced High Primary Airflow (new PAF Ramps)

e Corrected High FEGT and Major Stratifications

e Auxiliary Power is reduced by lowering Plenum PressureAPH
e Airin-leakage after the Air Heaters

« Balanced furnace and reduced total airflow

e Burner tuning for best “Burner Belt” Combustion
 NOyand/or LOI Improvements

e Pulverizer fineness and distribution

e Optimizing burner belt performance with better S/A Distribution
* Cooling Tower Corrections

 Condenser air leakage

* Most Important: ALL of the O&M Team was engaged

EEE———
411 North Depot Street
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A Comprehensive Approach, Boiler, Turbine, ALL Major
Equipment and ALL Personnel, Following One Plan

Repaired Air In-Leakage

New cooling tower fill and
cleaning of air paths

Condenser Tubes

Cleaned, expansion joint Hot-"K”

Calibrations and , :
replaced Coal pulverizers and primary

Blalancmg ;f Secogdlatrl\; A::rﬂ°ws ' airflow measurement and control
mprove burner be errormance was improved_



[IMPROVING UNIT EFFICIENCY BEGINS AT THE |
BOILER

BOILER CONTROLLABLE

HEAT-RATE FACTORS:
 EXIT GAS TEMPERATURE
 AIRIN-LEAKAGE
e HIGH TEMPERING AIRFLOW
e Pulverizer Tuning Optimizations
e 25% Minimum Combustion Airflow
 FLYASH LOI
e STEAM TEMPERATURES
« DE-SUPERHEATING SPRAY WATER

FLOWS
e AUXILIARY POWER
e SOOTBLOWING

411 North Depot Street
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HEAT- RATE IMPROVEMENT RESULTS WITH APPLIED
EXCELLENCEINO & M

—
650 MW B&W Boiler

Typical potential heat rate
/ improvement by focusing on the 2,400psi/1,000/1,000°F
10600 operations and maintenance S
variables, most of which are / \
10500 pulverizer, fuel line, setting tightness

and combustion airflow related. Note:
This is an actual Case Study.

10400

N\ /)

LN\ \

\ /
\ 4

10000 T \ T T ‘ ‘ T

Heat Rate (Btu/Kw
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‘a RESULTS OF APPLYING BEST PRACTICES OF COMBUSTION
OPTIMIZATION CAN PLACE YOUR PLANT IN BETTER POSITION

[ISTORNEN
45% 1

= Efficiency range

= Average efficiency Move to “Best” Possible

e ; A, A " ,ﬂa‘g—«zﬂa M w j

.'---.-\h

35%

2500 -

Efficiency

Move from Here

20% 4 By Applying Comprehensive Combustion
Performance Driven Maintenance and engaging
the entire O&M Team

159%s T T ¥ ¥ ¥ T T T
1950 1955 1960 1965 1970 1975 1980 1985 1990 200/

Year Online
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THE EIGHT MOST COMMON CORRECTABLE LOSSES ARE:
(IN OUR EXPERIENCE)

Boiler and Setting Air in-leakage

High furnace exit gas temperatures which cause high Reheater

and Superheater desuperheating spray water flows
 High Boiler Exit Gas and Airheater Exit Gas Temperatures

 High primary airflows (especially harmful is high tempering airflow that bypasses the air

heaters)

e Higher than optimum carbon in ash (Bottom ash and Flyash)

e Steam cycle losses (especially those caused by high FEGT and excessive soot-blowing to
mitigate slagging)

e Correct Burner Belt Fuel and Combustion Air Balance and Reduce CO and Ammonia

Slip which contributes to Air Heater Fouling

e Air Heater Leakage and Non-Optimized Air Heater Exit Gas Temperature
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STORM

Flyash Loss Omignition (LOI)
Bottom ash carbon content
Boiler and ductwork air inleakage
More precise primary airflow measurement and control, by reducing tempering air
Recucing pulverizer air in-leakage on suction fired mills
Pulverizer throat size and geometry optimization to reduce coal

power wastage and incr associated losses with the hig
High de-superheating spray water flow to the superheatel
High de-superheating spray water flow to the reheater
High air heater leakage (note: Ljungstrom regenerative airheats ar than 9% leakage)
Auxiliary power consumption/optimization i.e., fan clearances, duct leakage, primary air system optimization, etc
Sinethesier cutist tempersre HEY DUVAK

Reheater outlet temperature
Airheater outlet temperature
Airheater exit gas temperature, corrected to a “no leakage” basis, and brought to the optimum level

Burner “inputs” tuning for lowest possible excess oxygen at the boiler outlet and satisfactory NO, and LOI. Applying the “Thirteen Essentials”
Boiler exit (economizer exit) gas temperatures ideally between 650°F to 750°F, with zero air in-leakage (no dilution!)

Cycle losses due to valve leak through - le. spray water valves, reheater drains to the condenser, superheater and re-heater drains and vents, and
espeddlymybwpohtd'drrstot!ncorldemer;ytoﬂEIntwell

“Soot blowing™ Optimization -~ or smart soot blowing based on excellence in power plant operation. (Remember, soot blowing medium is a heat rate cost,
whether compressed air or steam)

Feed water heater level controls and steam cycle attention to detail
Steam purity and the costly impact of turbine deposits on heat rate and capacity

te to “Popcorn Ash” carryover to the SCR's and ApH's, Hi
draft losses cause Increge%i in-leakage, increased fan auxiliary




ONE OTHER PROBLEM: THE EPA-NSR RULES MAY NoT HAVE ‘I

GONE AWAY (THIS IS MY UNDERSTANDING OF NSR CHALLENGES FOR SOME UTILITIES)

There are Boiler Improvements that can be

applied to significantly Improve Overall Heat
Rate. But some are at Risk of NSR:

______ Adjust Surface of Superheater and Reheater
for better steam temperatures, less De-
superheating sprays

Replace Air Heaters with New: Better Seal
Leakage 5-7% instead of 15%-+

Upgrade Pulverizers for reduced auxiliary
power, better fineness

‘/|ﬂ Add VFD’s to large Fan Motors

| Install Turbine “Upgraded” Rotors

411 North Depot Street
Albemarle, NC 28001
Office: 704.983.2040
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Equipment “UPGRADES?”

Is NSR an Obstruction To “Best Performance”
(NSR=New Source Review)

“Upgrades" Is this still a “Dirty Word”

Imagine what the utility industry could do without NSR....
EPA References “Upgrades” in the Rule. Do they mean it? Can you Trust
them?
Articles and Presentations on this topic were Published by Dick Storm in:

POWER Magazine, August 2009

l_ p E ' 2011, 2013 Heat-Rate Conference
Presentations

ACC- American Coal Council

New Source Review is, in my understanding, still a threat.

Small changes to Boilers were considered “Upgrades” by some managers: Such as:
e Installing New and Larger Primary Air Fans for a Fuel Change to PRB Fuel

e Changing Superheater Surface to Optimize Heat Absorption of the SH and RH

e “Upgrading” SH and Reheater Alloys to Stainless Steel
e Changing troublesome Rothemuhle Air Heaters to “Upgraded” Current best Design

Ljungstrom'’s to improve Leakage and Efficiency




“IF” no threat of NSR, Significant Heat-Rate
Performance Improvements are Possible

Redesigned Superheater and Reheater
surfaces and upgraded meta

New and upgraded cooling towers,
possibly a hybrid air-cooled
conventional to reduce water

evaporation losses
Install upgraded Turbine Rotors

For Better Efficiency, Higher Capacity

New Feedwater Heaters with all
stainless steel tube bundles

New and larger coal pulverizers for more
flexibility in mill overhauls without

Condenser metals upgrades sacrificing boiler performance and
and cleaning system rebuilds

New and larger Boiler Feed Pumps




How about “Upgraded” New Regenerative Air Heaters?
Especially to replace High Leakage Rothemuhle AH’s

AIR Side
Bypass Seal Leakage

passing around the
APH into the cold
gas flow

Bypass Seal Leakage
passing around the
APH into the warm air
flow

\»Hl I mimp

L] HI|I I

Hot Radial Seal Leakage

Cold Radial Seal
Leakage

Bypass Seal
Leakage passing
the axial seals
into the gas flow

kage through an air heater
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Boiler Upgrades to Consider for Maximum Efficiency,
Reliability and Increased Capacity

Upgrade High Temperature
Reheater

Change/Upgrade Surface
Proportions of Superheater
and Reheater:
Correct:

“Fire-Side/Steam-Side
Incompatibilit

Upgrade High Temperature
Superheater
Metals

- Complete Convection
Pass Refurbishment to
reduce Air In-Leakage

New Air Heaters
and connecting
Ductwork

New and Larger

Pulverizers \



Boiler Improvement Potential for Heat Rate, Capacity
and Reliability Improvement

Replace the existing
Air Heaters in their
entirety with
upgraded Air Heaters
and all New
Ductwork




INSTALL NEw Low LOAD,
LA RETRO-FITTED SIDEWALL MOUNTED BURNERS

New Low Load
= -1 .~ Burners for
Startup and
Low Load
Operations

-

. Reduce Startup Ignition
- Fuel Consumption
Improve Low Load
“Turn Down”
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POWER MAGAZINE, FEB. 2015 HR IMPROVEMENTS

“UPGRADES” TO WORK TOWARD 6% HEAT-RATE IMPROVEMENT

Improving combustion 0.25%—1.00% <1 year
controls and monitoring

Increased condenser clean- 0.30%%—2.00% <1 year
ing and repair of air leaks

Turbine seal improvements 0.50%—2.30% 1—3 years
Increased feedwater 0.20%—1.00% 1—3 years

heater monitoring, mainte-
nance, and repair

Air heater seal repair or 0.10%—0.50% 2—3 years
upgrade
Preheating combustion air 0.109%—0.30% Z2—3 years

with waste heat

Increased cleaning of 0.25%—3.50% Z2—4 years
turbine deposits

Low-pressure turbine 1.00%%—2.00% 2—4 years
blade upgrade

Replacement of main 0.20%%—0.50% 3—5 years
fan motors with variable
frequency drives

411 North Depot Street
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[s “UPGRADE” a Dirty Word?
Or is it a Viable Option to Improve Performance?

Redesigned Superheater and Reheater surfaces for )
“Steam Side and Fire Side Compatibility — "o

N
iy

New and upgraded cooling
towers, possibly a hybrid air-
cooled conventional to reduce
water evaporation losses

Install upgraded Turbine Rotors
For Better Efficiency, Higher
Capacity

New Feedwater Heaters with all
stainless steel tube bundles

New and larger coal pulverizers for more
flexibility in mill overhauls without

Condenser metals upgrades sacrificing boiler performance and
and cleaning system rebuilds

New and larger Boiler Feed Pumps



Just a Reminder, 90% of our Energy Comes from Traditional Sources, Including Coal

America’s True Total Energy Supply & Demand

Petroleum
8.17

Other® Exports
Exports
12,22 i

Residential'!

21.53
e Coal 17.92%

Fossil Fuels
69.03 Domestic Commercial'!
18.34

Production
87.04

crude Oil'
18.32

Consumption'®
98.32
Inl:ll.lstrial11
31.33

GPLZ
NS
Petroleum?®
34.78

Nuclear Electric Power
8.33
Renewable Energy *
.68

Nuclear Electric Power 8.33 Transportation™
27.12

4
Petzrglggm Renewable Energy * 9.63

Source: America uses about 100 Quadrillion Btu’s per year

EIA.com opes f” < Of “Thermal Energy Equivalent” Energy. Here 1s
Imports 0cK Llanpe g 5 o o, O
327 i Where it originates and how it is used

0.19
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Popular Myth: Renewable Power CAN Power America

Coal remains the most reliable energy source for Bulk Power supply. We should use
it well! NSR prevents doing plant improvements for best efficiency!

Total Renewables by
2014 EIA:
9.8% of America’s
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CO, Production per Megawatt

[ISTORNEN

Old Coal Ultra Supercritical  Old Simple Cycle  Gas Turbine with
Coal Gas Combined Cycle
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THE BEST HEAT RATE REQUIRES A COMPREHENSIVE APPROACH OF THE ENTIRE O&M TEAM AND
LESS MEDDLING BY FEDERAL REGULATIONS

Optimum furnace (FEGT) exit gas temperatures are Extremely -
Important

Air In-Leakage
Is correctable

Optimize Lower
Furnace Heat

Absorption Fly ash Carbon losses

Usually Pulverizer
Related
Air Heater
erformanc =
| Il

Do Not Underestimate the Value Of
Pulverizer Performance
Optimization!

ID and FD Fan power
reduced at low loads
with VFD Drives
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More New Plants Like Turk and Iatan #2 Should Please All
Groups! Good for Reliable Power, Good for American

Manufacturing and Good for the Environment
Modern USA Built Ultra Supercritical Boilers

High Thermal

Efficiency and Low
Emissions

* Turk plant shown at right has ==
39% efficiency. One of the :
most efficient and cleanest
coal plants in the world.

* Operates at supercritical = B
pressure and steam temp. of gl SRR e
1,100° F. P e T JF

« High Temp and pressures e R
enable more efficient
operation of Rankine cycle.

e Increase in efficiency reduces
fuel consumption, and

thereby reduces emissions. AEP’s John W Turk Jr Plant, the first ultra-supercritical generating
unit.

-

Source: www.aep.com - Supercritical Fact Sheet .



REFERENCES AND ADDITIONAL INFORMATION, FYI

Available on the www.stormeng.com web site. Presentations and Technical papers by Storm Technologies, Inc. Staff
RMEL, Management Group, June 2012; “One more Time: First Apply the Fundamentals” http://www.stormeng.com/technicalpapers.html

EPRI, 2009 Heat-Rate Conference; “The Unintended Consequences of New Source review (NSR), Imagine What the Utility Industry could
do without NSR”, Dick Storm

. University of Kentucky, Coal Conference, 1990; “Pulverized Coal Boiler Optimization Through Fuel/Air Control Improvements, Barry
Pulskamp, Pat McGowan and Dick Storm
. Power Magazine: July 2013, “How Stealth Combustion Losses Lower Plant Efficiency, Dick Stormhttp://www.powermag.com/how-

stealth-combustion-losses-lower-plant-efficiency-part-1-the-problem/
. POWER Magazine, Nov. 2014, Coal-Fired Power Plant Heat-Rate Improvement Options, Part 1, Sam Korellis, EPRI

J Power Magazine, Dec. 2014, Coal-Fired Power Plant Heat-Rate Improvement Options, Part 2, Sam Korellis, EPRI
J POWER Magazine, Feb. 2015, Understanding Coal Power Plant Heat Rate and Efficiency, Una Nowling, PE, Univ. of Missouri and
Black & Veatch

. “Coal-fired Power Plant Heat Rate Reductions”, Sargent & Lundy SL-009597 Final Report (Project 12301-001), (January 2009), available at
http://www.epa.gov/airmarkets/resource/docs/coalfired.pdf

. “Reducing CO2 Emissions by Improving the Efficiency of the Existing Coal-fired Power Plant Fleet”, DOE/NETL-2008/1329, (July 2008),
available at http://www.netl.doe.gov/energy- analyses/pubs/CFPP%20Efficiency-FINAL.pdf

. “Power Plant Performance Reporting and Improvement under the Provision of the Indian Energy Conservation Act — Output 1.1”,
Evonik/VGB (2008), available at http://www.emt- india.net/PowerPlantComponent/Outputl.1/Outputl.1.pdf

. “Opportunities to Improve the Efficiency of Existing Coal-fired Power Plants, Workshop Report”, NETL (July 2009), available at
http://www.netl.doe.gov/energy- analyses/pubs/NETL%20Power%20Plant%20Efficiency%20Workshop%20Report%20Final.pdf

. “Improving the Efficiency of Coal-fired Power Plants for Near Term Greenhouse Gas Emission Reductions”, DOE/NETL-2010/1411 (April
2010), available at http://www.netl.doe.gov/energy- analyses/pubs/ImpCFPPGHGRdctns_0410.pdf

. “Power Generation from Coal - Measuring and Reporting Efficiency Performance and CO2 Emissions”, OECD/IEA-CIAB (2010), available at
http://www.iea.org/ciab/papers/power_generation_from_coal.pdf

. “Opportunities to Enhance Electric Energy Efficiency in the Production and Delivery of Electricity”, EPRI Technical Report

. EPA Clean Power Plan website: http://www2.epa.gov/carbon-pollution-standards/clean-power-plan-proposed-rule-technical-documents
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FIRST APPLY THE FUNDAMENTALS,
THEN IMPLEMENT UPGRADES

Thank You!

Any Questions?

Dick Storm
Ph 704-983-2040
Storm Technologies, inc.
PO Box 429
411 Depot Street
Albemarle, NC 28001
richard.storm@stormeng.com

www.stormeng.com
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