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Carrier — Then and Now
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Global leader in healthy, safe, sustainable and

intelligent building and cold chain solutions

* Sce appendix for additional information regarding non-GAAP mcasurca
1. Includes Chubb | 2. Excludes Chubb

« 1902: Invents the modern » Today: A world leader in commercial and residential HVAC
air-conditioning system and refrigeration

» 1915: Founds Carrier + 2022: Open engineering office in Lund
Corporation
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BUILDINGS OF YESTERDAY

Environmental Trendsetter

BUILDINGS OF TOMORROW
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People spend

~90%

of our time
indoors'

Buildings account

for ~40%

of greenhouse gas
emissions?

Effective filtration can

eliminate 990/0

of airborne pathogens?®

>4 billion

connected loT devices
in commercial
buildings by 2028°

Indoor air can be

3-5x

more polluted than
outdoor air!

1 in 5 existing

buildings retrofitted to
meet net-zero
emissions by 20502

<30% ofus.

homes protected to
National Fire Protection
Association standards?*

Integrated smart
building systems can
reduce energy use

~10%-20%:




Technology Trendsetter

20 years of Modelica modeling maturity
Python, Jupyter notebooks, computations
On-going collaboration with open-source state-of-art computational

tool development (experts & their tools)

Optimization-Based
Machine Learning
for
Physical Properties
Thermodynamics
&
Reaction Kinetics

ALAMO

i blavk-box modeling tool

HELMET

RIPE®

Labs & facilities to test new ideas

Hierarchical
Process Model Library

Model Customization
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Steady Dynamic
State Model

LABORATORY

Conceptual Design via
Superstructure
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PYOMO
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Multi-Scale

Surrogate
Modeling &
Optimization

ALAMO

Process Design & Optimization
Process Integration

Flowshat Objact

Dynamics & Control

‘Optimal Control
r State Estimation

Jupyter
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Optimization Based Workflows in EBolt
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Workflows

+  Optimization-based problem formulations
(Pyomo/lpopt)

+  Rapid prototyping (Python based Jupyter
notebooks)

Models
+  Compiled BOLT system models (Modelica,
FMU)

Collaboration
FMU:

Proprietary and Confidential




Reinforcement Learning in Chiller Controls

« Develop chiller controls that =
- -
can adapt to new chiller o AN

designs, field | 1"-;,

Implementation, and aging

using Al and Learning ==

* Expand on techniques

worked on in the graduate — | @i
department (2022 thesis) to CSR——
speed up and enhance Ll |
robustness of learning »
method

Learning-Based Controller
Design with Application

2022 to a Chiller Process
Thesis

Diagnostics of Chiller Systems

« Monitor degraded performance and diagnose
faults in chiller systems to proactively prevent
energy waste and operating down-time

* Use machine learning methods, measurement
data and models to develop diagnostic
algorithms that can be run in real-time

Each node is a Q
“probability —

distribution” that

captures how to

move from
cause to effect

e P(G|D,E)
P(F|IG.C)



* Supervisors:
* Bryan Eisenhower (bryan.eisenhowerl@carrier.com)
« Johan Akesson (johan.akessonl@carrier.com)
* Clas Jacobson (clas.jacobson2@ Carrier.com)

» Local office location:
» ldeon Gateway office hotel, 4th floor: desks & coffee available

* Opportunity: Learn from Carrier engineers to solve relevant problems
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Long-standing collaboration with the
Department of Automatic Control

Control design methods and architectures,
machine learning...

Joint advising of Master’s students and PhD
students
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