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Agenda

o Performance Management in Power Plants

o Real-time Heat Rate Monitoring
o Online Heat Balance
o Performance Calculations
o Optimisation & Predictive Analytics

o Integrated DX for Power Plants
o Q&A
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Challenges I

Lack of Performance Curves
and real-time comparison

Realtime Performance Management
in Power Plants

Complex calculations
and thermodynamics

Less availability of
Performance Dashboards

Lack of Real-time visibility
of Important KPls

Lengthy and manual Reports Management with manual
o calculations in Excel
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* KPI Health Summary Dashboard
KPIs Performance By Assel

KPIs Performance
® Excellent @ VeryGood @ Good @ Poor @ VeryPoor @ N

@ Excellent @ VeryGood @ Good @ Poor @ VeryPoor @ None

Lack of Predictive

Lack of Data Validation &
Analytics

Reconciliation

Total KPIs 22

KPIs Dash Board Browser

® VeryGood @ Good ® Foor @ VeryFoor @

Asset KPI Status
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Realtime Heat Rate Monitoring & Optimisation

Data Collection, Processing
& Archiving

Real-time Heat Balance
Plant

Simulation

Model
Thermal Performance SEE
Calculations

Optimisation




Online Heat Balance Calculations

Typical Gas Turbine Heat Balance

Steady State, Steady Flow (No Storage)

Compressor
Inlet

INPUTS OUTPUTS

e Power * Fuel Flow

Implement Data Historian & Analytics
* Air Flow

Use the real-time data to for online heat balance * Inlet Air Temp
Heat Balances gives a more consistent and * Inlet Air Press
complete set of data « Compr Disch Temp
Inputs to Performance Calculations
Includes data that is not measured * Compressor Efficiency

* Turbine Inlet Temp
* Firing Temp

: * Heat Rate

* Compr Disch Press

* Exhaust Temp

o Firing temperature * Turbine Efficiency

o Gas flow and composition
o Steam turbine exit enthalpies
o Condenser duty




Thermal Performance Calculations

Typical Power/Heat-rate Change Factors
Ambient temperature, pressure, RH
Inlet Cooling or Heating

Air filter pressure loss

Guide vanes

Firing temperature

Steam/water injection

Fuel quality

Exhaust (HRSG) pressure loss
Performance degradation

Corrected

39 MW power * Reference power is 39 MW at 59F

Expected (no degradation)

Tieasured Treterence /NIt Temperature
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« 10000 Btu/kWhr heat rate e ] lLr:)Igrtuer;nr:)eerrf:trﬂznce factor at current gas turbine
* 59 F inlet temperature 105 + At 90F the factor is 0.89

. . § - o *
* 14.7 psia ambient pressure : 1 ’ Expected power at 90 F = 39 MW * 0.89

. . - ° E Expected power = 34.7 MW
* 60% relative humidity £ oo & =
- . 85
* 4ininlet pressure loss
* 10in exhaust pressure loss

* 0.50 steam to fuel injection ratio
* Natural gas fuel

* Baseload



Rated Vs Actual & RCA

Realtime Heat Rate KPI Management
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Baseline Management

RCA for causes identification
Action Tracker

Discussion Threads for Updates
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Category Type Target Baseline BenchMark Direction Owner
100000 0 10000 T Increase Admin
ression: A
Name MapType  TagName Type Value Units Status | TagDescription ValueTime
A Tag GT1_HEATRATE_LHV.RESULT | Average Input 8792.899 KJ/KWh | Good | RESULT 27-Nov-2022 11:30
Exp1Result |Tag Output |8792.899 Good 27-Nov-2022 11:30

RCA KPIChart  Correlation Matrix ~ Action Tracker Discussions
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Predictive Analytics & Optimisation

Predict future operatiogy Integrated Analytics & Optimisation

o Anomaly Detection

o Nominate fuel consumption

o Evaluate operational options
. l
o

Thermodynamic Calcs
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Prepare operational budgets -
Estimate cost of outages

Shows how to maximize profit as
conditions change,

Data Historian

~ typically 500 to 1000 sensors Measured
per plant (vibrations, flows,
temperatures, pressures, data
vis T r
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o Electric & fuel prices cuments voltages ot _ Vodel
\/\/\/\/\/\ Predicted data

o Plant load
o Process steam requirements N NN XY Deviation

o Degradation
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Predictive models



Integrated Digital Transformation Increases Overall Performance

Connected Assets Digital Logbooks
Morning Meeting
B boards * Predictive Analytics
Mobile Apps @
@ ABT/DSM
lloT & Cloud Production

KPIs Management
Asset
Performance

360° Management

Dashboards
Equipment \ & W
Reliability \! .. @ Energy
Maintenance Technical Management
@ Services Reports
Maintenance

Automation
Logbooks & Checklists

Coal Blend Optimisation
Analyzer Maintenance -
Management

Mass & Energy
Balance




Thank you



