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Project Information

Goal ~ Neural > Validation

ggf"’:fgkmem Field Test
Demonstrate at a full-scale coal- P
fired power plant the ability to

improve boiler performance and 2018 2020
reliability through the integrated
use of condition based monitoring -§I¢ === P
(CBM) and predictions of the
Impacts of coal quality on boiler 2019 2021
operations.

: ) » CSPI-CT

> CSPI-CT Beta Version Program

) . | Installation _ Upgrade

Project Period > FSEA Installation

» Database Development
January 1, 2018 — December 31, > Field Test
2021 (4 Years)
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Project Background

Microbeam’s Fireside Performance Indices

High temperature fouling
(silicate) — Platens and high
temperature convective
pass

Depaosit Strength —Wall
slagging, high temperature
fouling (silicate), and slag

remaoval

Wall slagging —
Accumulation potential on
the bailer walls

Wear —
Abrasion wear — fuel
handling
Erosion wear — heat transfer
surfaces

Slag flow — slag discharge
systems — cyclone-fired
boilers and wet bottom

systems

Low temperature fouling —
Sulfate based

Ir Heater

Wet
Scrubber

Precipitator or Baghouse

/

Stack
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Project Background

Microbeam’s Combustion System Performance Indices Program User Interface
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Testing Sites

Primary site: Otter Tail Power’s Coyote Station

a

a
a
a

Secondary Site: Great River Energy’s Coal Creek Station

a

a
a
a

Cyclone Fired Boiler
MW — 450
Fuel — ND Lignite

Daily fuel delivery — 7000 - 12000 tons of coal — 2.5 million
tons of lignite annual consumption — Mine mouth plant

Pulverized Tangential Boiler

MW — 550 (2 Units) : L Lt

Fuel — ND Lignite

Annual fuel delivery — 7.5 - 8 million tons of coal — Mine
mouth plant N

it _.




Project Overview

CoalTracker Algorithms

Combustion System Performance Indices Algorithms
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Accomplishments

o CoalTracker Algorithm Development and Testing

Q
Q
Q

Analyzer installation (Coal properties)
Database development (Coal properties)
Coal Tracking applications

o Combustion System Performance Indices Algorithm Development and Testing

Q

Q
Q
Q

Access to plant operating/conditions monitoring (Plant operation and performance)
Beta version of Combustion System Performance Indices (CSPI) installed at plant
Database development (Powerplant Parameters)

Neural network training (Plant performance)



Database Development — Neural network and Machine
Learning Applications for Improving Plant Performance

Database Database consists of Data Points/ No. of Samples
Life of Mine Life of Mine coal 16000 Data points
Dataset properties — Ash, BTU, ash

composition
As-fired Fuel As-fired Fuel properties — 500 samples
Properties Ash, BTU, ash composition
Dataset
FSEA Data FSEA Output - Fuel Minute-by-minute data for 9

Plant Parameter
Data

properties months

Plant Operating
Parameters

Operating data for 25 months -
Over 54,000 data points for each
month

B/A = Fe203 + Ca0 + MgO + K20 + Na20 ;
Si02 + AI203 + TiO2 M I C o E i M
TEC DG s, INC.

Ash Distribution

Percent of Occurance in Life-of-M_ine Area_

Ash AR Percentage

Base Acid Ratio Distribution

Percent of Occurance in Life-of-Mine Area

Base Acid Ratio




CoalTracker Algorithms
Development and Testing
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Coal from
the mine

Coal Handling System

Live Cyclones/
Storage Boiler
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—— W
Full Stream Elemental Analyzer (FSEA) Installation

July 2018

d
led
N
R
4

]

Coal Properties from FSEA — Ash, Moisture, Heating Value, S, C, and inorganic
constituents based on prompt gamma neutron activation,
microwave, and dual gamma attenuation.

Before Installation — Coal analysis

results from one composite sample

. representing 7000 — 12000 tons of

coal available after 3 days of firing.

FSEA Impact — Coal properties are

reported every minute for every
90-120 tons of as-delivered fuel
before firing.

Flexibility of coal blending and
storage.



Field Testing

0 Collect and analyze coal samples

a Continued characterization of
FSEA performance

O Obtain detailed data for
CoalTracker

o Track power plant performance
during the field test

0 Use CSPI-CT beta version to
predict plant performance

o Validate plant performance with
real-time data

Coal from Belt 1 Live Transfer : Cyclones/

' —— — e

#

&
'ﬁ'. 7 = @, -
E@Jﬂ;@%ﬁ?

Total Number of Coal Samples
Collected during the field test -> 149



Tracking Coal through the System

Coal from

the mine

Live
Storage

Tower

Cyclones/
Transfer Belt 7/10 Silos yeie
Boiler

Mine Projected Ash% (As Rec'd)

All Cyclones Ash Contenton 11/15/19
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I
Heat Rate

(Assumption — 12 to 24 hour time lag between coal delivery point and burner)

d Peak 1 & 2 _ hlgher oo Field Test Heat Rate (Hourly avg) Peak 3
heat rate — due to coal =" C

3 Peak 1 Peak 2
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Field Test Conclusion - Coal analysis results are consistent with
preliminary CoalTracker algorithm calculations. MICROBEAM
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Combustion System Performance Indices
(CSPI) Program

MICROBE AM
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Milestone : CSPI-CT Program's Beta Version On-Site

Installation

o CSPI-CT program’s beta version was installed at Coyote station on April 25, 2018.

H Plant Perfformance

Fuel Inputs {As received basis)

Enter B/A Ratio:
Enter Ash content:

Enter Sodium content:

04/24118 111417 AN [El+

Enter NOx value
Tag: [Plant_Measurement:DCS_CEMNOXBTU.PV]

Enter Nose Gas Temperature
Tag: [Furnace_Gas_Temps:Nose]

Enter Qil Flow
Tag: [Plant_Measurement:DCS_BF250.PV]

Enter OFA value
Tag: [Plant_Measurement:0CS_1TOT-OFA-FLOW]

Enter Excess 02
Tag: [AHT_INFG_02]

*CQUPPI version 2.3

(Must be between 0.2 and 2.0} | Calculate BAR

(Must be between 4.0 and 16.0}

MICROBEAM

(Must be between 2.0 and 10.0) | Baseline Coal

[[] Find Data Contact Microbeam Technologies Inc. at 701-777-6530.
Units: Io/fmmBTU Indices Help

Units: °F

Units: GPM

Units: % of total OFA capacity

Units: % 02 in air

“*Disclimer: Results and cakculations in PP| software are based on preliminary fild tesfing performed at OtterTail Powsr's Coyote Station. Microbeam Technokogies Inc. does not acospt
any responsibility or labiity for the accuracy, content, completeness, legality, or relisbiity of the information displayed by this software

[E=8 I

=)

Coal Quality Indices (=)

————— COAL QUALITY---—-
Parameter indices are given a score of either 0 - 5,0 - 10, or 0 - 20, A lower index
score signifies better performance,

B/& Performance Index = 0/20.
Ash Content Performance Index = 4/10.
Sodium Content Performance Index = 2/10.

Run time based on Sodium Content = 85 days.

Cyclone Slagging Index = 1.99
Sulfation Index = 5.4

Erosion Index = 017

‘Wall Slagging Index = 7.75
Abrasion Index =2

Silication Index = 72.44
Strength Index = 0,65

Cyclone Slagging Score = 0/5.
Sulfation Score = 2.7/5,
Erosion Score = 0.4/5.

Wall Slagging Score = 1.8/5.
Abrasion Score = 1/10.
Silication Score = 3.6/10.
Strength Score = 3.7/10.

Total Coal Quality Index is 21.3%,

Press OK To Continue.

Parameter indices are given a score of either 0 - 10, 0-30, or 0 -50. A
lower index score signifies better performance.

MNOx Performance Index = 45/50,

(il Flow Performance Index = 6/30,

Exit Gas Temperature Performance Index = 0/10.
Partitioning Index = 0/10.

Coal Quality Index (normalized) = &.1/30.

Total Plant Performance Index = 43.9%.

Press OK To Continue.

oK




Augmenting CSPI Program

Neural Networks

Why Neural Networks?

a

Normalized NOx

& .
Because they are generic < ) :

Q
. I Ash (%) .
methods which can s @
represent any function. i (G
They can be trained to be ERT—
powerful predictors for : UKD Betirons P .%
time SerieS da.ta. input neurons Tota Cycione A Fow Rate (ks (@
Total Coal Flow Rate (klbs/hr) .
1.0 k NOx levels (Ib/mmBTU) Fredictions I ‘:ct:?!tN‘?:‘O l
_— / | W
0.4 : | l : ' %}NNJJ II N "
T x-»lud' s sasinld. --J*w.uﬂ WM ,*.L».{?.ywmwkww e r.u pqg MW | *“;‘*V‘HFM ) 1' I M”M\-mﬂ
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Evolutionary Algorithms Developed under this Project

o  Evolutionary eXploration of Augmenting LSTM Topologies (EXALT)
» Progressively evolves larger recurrent neural networks (RNNs) to perform time series data

prediction.

» Can select which input parameters have the best predictive ability and eliminate confuser
parameters.

» Can be executed in parallel over a large number of cores on high performance computing
clusters.

» Evolved RNNs exported to binary files for use within Microbeam's software.
o  Evolutionary eXploration of Augmenting Memory Models (EXAMM)

> Based on EXALT, except with a library of memory cells. Nodes can be LSTM, GRU, MGU, or Delta-
RNNS.

» Can be executed in parallel.
>  Mutations have further refinements from EXALT.



Neural Networks for Cyclone Database

Input parameters —

26 months of operating data Crevte s || petermne e (| Gt (B e et
Q12 operational parameters parameter Struc:#(;g ec;f NN strength of the fitness

O 12 independent cyclones database ' neural network

Predicted parameters — flame intensity ¢

and oil flow o _ _ Validate the

K fold cross validation with 2 files per RIGESIEENS Test with new Compute error Obtain the best
fold and 10 repeats per fold — 1320 folds cross parameters P solution

validation

runs — 14,200 CPU hours

Flame Intensity Predictions
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Example of Application
Cyclone Slagging Issues - Jan 2019

2 Power plant faced slagging problems starting Jan 30,
2019 through Feb 2, 2019.

0 Plant operators changed Over Fired Air setpoint to add
more air through cyclones. (NO, - 0.49 — Very high)

2 40000 gallons of oill was added to maintain the slag flow.

MICROBE AM
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FSEA Data/Coal Sample Collection Locations - Slagging Event

- Coalr;ri(?]rg the [ Belt 1 /FSEA [giiad Live Storage Jm —— — Belt 7/10 — —— gl Cyclones/Boiler
\




FSEA Data
B/A Ratio
Jan-Feb 2019

B/A Ratio
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FSEA Data
Jan-Feb 2019

Elemental Oxide Daily Analysis January - February

Na20 e====Si02 =m—Ti02

Fe203 e===K20 e==—=NMgO

CaO

Al203

30.00

25.00

20.00

15.00

(9%61) S8pIXO

10.00

Day

25

Sharp increase in Si and drop in Ca



Microbeam’s Coal Quality Index Predictions

0 Samples collected from Belt 7
were subjected to proximate,
ultimate, ash composition and
Computer controlled scanning
electron microscopy (CCSEM)
mineral grain analysis.

a Changes in mineral
composition were observed
which in turn affected the slag
flow In cyclones.

cal

54.25

49.57
4591

1/29/2019 1/30/2019 1/31/2019 2/1/2019

Good fuel quality — CQI < 30

MICROBEA”M
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Oill Flow In Cyclones

Coyote Station Daily Oil Flow Jan 21-Feb 102019
300000
500,00 B Cyclone 1
W Cyclone 2
E 2000.00 W Cyclone 3
"'g ‘ M Cyclone 4
T 150000 M Cyclone 5
E | W Cyclone 6
=
E 100000 lD,rclcme?
| m Cyclone 8
SO0.00 ! | f M Cyclone 9
I | Cyclone 10
0.00 | T T II T T T T T T T T T T 1 M Cyclone 11
ﬁ'\g Ql"\cj rﬁiel {5‘3' ﬁ"‘E:' Q:E} Q"‘E} %“E: E}“E} ,Q;\S& 'QJ'@‘ {}“&G} ﬂ}ﬂ} QI“&D} Q""& Q"‘& Q‘"‘& Q“& ﬁ"& {}”‘Ea d&b B Cyclone 12
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I

L
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°T

Total 40,000 gallons of oil was added during this week ~ Cost - $100,000



Neural Network Predictions

Predicted vs Actual flame intensity during the cyclone slagging issues
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CSPI-CT User Interface
(Feb 1, 2019 — Feb 14, 2019)

B CycloneForecast EI@

Cyclones
Cyclone 1 Flame Intensity
b 100
1 3 5
Y 1 T T o T T
| i ' g 1M i Ty et :
) MR Wi L 1| ™ LY VI Al »
|I \I l'll Ll ‘| "H‘ﬂ ¥ 'qﬂ Y "
\ 60— il " N ! \Ii!_ ] '
2 4 6 '
]
4 ﬁ - — [
40 | 1] |
20
7 9 1 0
2119 12:00 AM 2519 12:00 AM 2/89/19 12:00 AM 211319 12:00 AM
20319 12:00 AM 27719 12:00 AM 211719 12:00 AM
= Flamelnt_Measured Flamelnt_Predicted
8 i 10;‘ 12 P Thursday . January 31,2019 [E~- Thursday . February 14,2013 [+
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Opportunities for Plant Improvement and
Cost Savings

0 Installation of FSEA
O Decreased cost of analysis

QO Opportunity to blend coal
0 Opportunity to optimize plant operating conditions to match coal

properties
0 Improved heat rate — coal property impacts
0 Decrease oll firing through optimizing fuel properties
Decrease fireside ash deposition- reduce number of scheduled and
forced outages (maintenance costs)

MICROBEA"M
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Next Steps

0 CoalTracker Algorithm Development and Testing
0 CCSEM mineral analysis on field test samples
0 Improve CoalTracker predictions based on field test and slagging event data

0 Combustion System Performance Indices Algorithm Development and
Testing

0 Conduct neural network analysis on waterwall, superheater and economizer
database

O Improve indices predictions based on field test data

O Augment indices with neural network derived relationships

0 Installation and testing of a neural network based CSPI-CT
0 Operator and Plant Personnel Training




Questions?

Contact Info:
Shuchita Patwardhan
Microbeam Technologies Inc.
Email : shuchita@microbeam.com

Phone : (701)-738-2447


mailto:shuchita@microbeam.com
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