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TC Energy
One of North America’s Largest Natural Gas Pipeline 
Networks

6

365
Stations

1000+
Units

11.3M
Hp

58K
Miles of 
Pipeline

30%
Continental

Demand

650+
BCF Storage 

Capacity
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Business Drivers

o Industry driving towards more sustainable 
energy future

o Direct alignment with TC Energy's 
Sustainability Initiatives

o Contribute to company-wide emissions 
reduction targets

7
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What is COT

The Compression Optimization Tool (COT) 
combines machine learning, performance 
engineering, and combinatorics theory to 
optimize TC Energy's compression fleet. 

COT recommends the most fuel-efficient 
compressor configurations in near real-time, 
reducing emissions and improving operational 
sustainability.

8
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COT Concept
Current Station Configuration 

Targets: Flow
1,346 mcfd

Suction Press
600 psi

Discharge Press
900 psi

55%

55%
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COT 
Optimization 

Engine

COT Recommendation 

Meet current targets with less emissions 

100% 100% 100%

OFF
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COT Process



A P R I L  8 ,  2 0 2 4

People & Process 

o Human-in-the-loop approach for initial triage 
of active opportunities, communication 
protocols and documentation

o Small, focused team performs initial data 
analysis and communicates actionable 
opportunities to Gas Control supervisors

o Team collects and documents relevant 
feedback and learnings in the COT Findings 
tool

o Learnings are available for continuous 
improvement and future decision making  

1212
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Optimization Strategy 

o The COT engine executes every 15 minutes 
for every station in the US footprint

o An optimization opportunity is flagged if a 
more fuel-efficient unit configuration is 
found for a given station (4 consecutive 
executions)

o Opportunities are exposed on a near real 
time geospatial dashboard for situational 
awareness

13
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COT In Action
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COT In Action

o Side by Side view of current station 
configuration and recommended 
alternative configuration

o Initial triage of the optimization opportunity
 Validate real-time data
 Validate model outputs (fuel, flow, hp)
 Validate inferred targets and station operation 

mode

o Validate operational flexibility of proposed 
configuration

1515
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COT In Action
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COT In Action
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Opportunity Overview

o Check known limitations (facility notes) and 
prior documented opportunities

o Validate historical real-time date for 
frequent operational changes

o Check for any known planned maintenance 
activities

18

Historical Trending

Planned Outages

18

Documentation of Findings
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Analytical Tools

o Assess long term feasibility of an active 
optimization opportunity

o Flexibility Matrix
o Flow Flexibility is a measure (%) of how much 

flow can be outputted with the recommended 
unit configuration

o Matrix shows theoretical variation of Flow 
Flexibility with potential changes in pressure 
conditions at the station 

o What-If?
o Perform “what-if” analysis if future pressure 

and flow conditions are known
o Can also account for any planned unit outages

19
19
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COT Results

180
COT Notifications Actioned

54,000
Metric Tons CO2e Reduction

11,800*
Cars Off the Road

o Results only include direct emissions reduction resulted from a COT Notification
o Reductions resulted from lessons learned / culture change are not included

*Cars Off the Road metric is calculated per EPA standards. 1 passenger car driven for a year emits 4.6 Metric Tons of CO2e

June 2023 – January 2025
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CONNECT Dashboards

o Recent Adoption of CONNECT Platform 
initially for data visualization

o Sync on-premise Real Time Data to the 
cloud

o Easy to share internally & externally

o Responsive & visually appealing graphics

2222
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COT Technology
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Operating Envelopes

o An operating envelope contains unit 
operating capabilities (including fuel and flow) 
at the given pressure and temperature 
conditions

o Operating envelopes are computed on-the-fly 
for each compression unit type at the station

o Leverage digitized performance compressor 
models, operating curves and fuel models 
(Compressor Book Performance API)

o Combinatorics applied to check all feasible 
permutations on the operating points across 
all envelopes (COT Optimization Engine)

24
24
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Technology Layers

COT
Optimization 

Engine

CBK
Performance

API

PI Asset 
Framework

COT Data Exploration 
& Process Management

CONNECT

Dashboards

PI Data 
Archive

CBK
Database

Context & 
Realtime Readings

Operating 
Conditions

Operating 
Envelopes

Asset 
Metadata

Tags 
Data

Optimization
Output

Asset Structure,
Emissions Savings Data
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Minimize Fuel & Emissions, Optimize Operations

TC Energy Compression Optimization Tool (COT)

AVEVA Enterprise SCADA Other operational data sources

Data lakes,
Business analytics,
other sources, etc.

3rd Party

AVEVA PI System
Operations information management

PI Vision

AVEVA Operations Control

Asset Framework

Visualization:
rich persona-based 

experiences

Data 
services: 

aggregate, contextualize
and share

Service & usage 
management: 
monitor budget, 

consumption, and permissions

Application 
development services:

solutions to enhance 
customer use cases

Modeling & 
analytics: 

robust calculations using 
AI and ML

AVEVA Measurement Advisor

Applications &
analysis tools

Data science &
AI/ML platforms

Custom & partner 
applications

Production 
performance

Data 
sharing

Remote
monitoring

Enterprise visualization 
& reporting
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Future Work

Support multi-mode station 
operation 

Facility Operation Modes

Optimize parameters beyond 
emissions

Alternate Optimizations

Perform optimization for the 
entire pipeline system

System Wide Optimization

Account for units running 
with the recycle valve open

Recycle Valves
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Compression Optimization Tool (COT)

o TC Energy's Sustainability 
Initiatives

o Corporate environmental 
stewardship goals

o Company-wide emissions 
reduction targets

CHALLENGES

o AVEVA PI Asset Framework for 
asset data contextualization

o Custom Performance API and 
Optimization Engine

o Fit-for-purpose User Interface 
for analysis & process 
management

o AVEVA CONNECT for exposing 
insights 

SOLUTION

o 180 Actioned Opportunities 
(program to date)

o 54,000 Metric Tons CO2e 
Reduction

o 11,800 Cars Off the Road

BENEFITS
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Questions?

30

Please wait for the microphone 
and state your name & company

Thank You.
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