Reducmg Carbon Footprint with Advanced
Data Analytics — Driving EFFICIENCY of
Central Chilled Plant
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Lets take a look at DATA

The following graphs are extracted from Our World in Data website
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What are the country’s annual CO, emissions?

Source : https://ourworldindata.org
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Annual CO2 emissions Our World
Annual carbon dioxide (CO,) emissions, measured in tonnes per year. This measures CO, emissions from fossil fuels
and cement production only - land use change is not included.
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Related: Which countries emit the most CO, today? '
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Per capita: how much CO, does the average person emit?

Source : https://ourworldindata.org
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Per capita CO2 emissions Ot
Average carbon dioxide (CO,) emissions per capita measured in tonnes per year. This measures CO, emissions from
fossil fuels and cement production only - land use change is not included.
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Related: Where in the world do people emit the most CO,?
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Where do emissions come from?

Source : https://ourworldindata.org
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Greenhouse gas emissions by sector, Malaysia, 2016
Greenhouse gas emissions are measured in tonnes of carbon dioxide-equivalents (CO.e). =

Electricity & Heat _ 118.5 million t
Transport - 62.8 milliont

Manufacturing & Construction - 29.6 million t

Fugitive emissions . 21.18 milliont

Waste . 19.94 million t
Industry . 17.6 million t

Agriculture . 13.25 milliont
Aviation and shipping I 8.2 milliont
Other fuel combustion I 4.21 million t

Buildings I 4.1 milliont

Land-Use Change and Forestry -130.24 million t _
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Source: CAIT Climate Data Explorer via. Climate Watch ccByY
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Air-conditioning represents 60% of commercial buildings’ Cooling and refrigeration systems are second largest user of

electricity consumption electricity in the industrial space

Others Compressed
Air systems

Lift & Escalator

Pumps

Process
Ventilation Specific
t
Gas systems
Compressors
Cooling
Lighting

Others

Cooling &
refrigeration
systems

Source: NEA — Energy Use Reports and Energy Efficiency Improvement Plans 2014
MGTC - Low Carbon City BARGHEST BUILDING PERFORMANCE



Current Efficiency Levels of Water-cooled
Systems in Industrial Facilities
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More efficient

System Efficiency

= Estimated (Water-cooled) A Measured (Water-cooled)

(KW/RT)@
1.9

7 (o) of reported® water-

1.7 > 0 /o cooled chilled water
systems were operating

1.5 at sub-optimal levels

1.3
1.1
0.9

0.7
BCA Green Mark “Certified” Standard =

05 “A
50 500 5000
Cooling Load (RT)

(1) Based on 2016 energy use reported by companies regulated under the Energy Conservation Act
@ Electrical input to the chilled water system in kW + Chilled water system output in terms of cooling load in refrigeration tons (RT)
©) 78% of the reported chilled water system efficiencies were estimated

Source: NEA Singapore
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Electricity Users in the Industrial Sector

Process specific system — 31.6%

Cooling systems  |— 16.1%

Gas compressor (N2/02 production) 14.3%

12.6%

Pump

Other motor-driven system

Total Electricity

Compressed air system

Consumed = 42 PJ("

Others
Fan/blower
Gas compressor (others)

Process chiller

0 5000 10000

\ Annual energy consumption (TJ)

() Based on 2016 energy use reported by companies regulated under the Energy Conservation Act

Source: NEA — Energy Use Reports and Energy Efficiency Improvement Plans 2020
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The goal is to turn data into
information, and information into
insight.

— 1 a/l/l/ Fisrina, —
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BBP Cloud Analytics Architecture

Cooling tower
sensors

Chiller sensors

Condenser
pumps

Chilled water
pumps

Ambient
environment

Cooling load
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Supervised & Active learning

Data ingestion unsupervised Model scoring and machine
learning feedback

Buildings Buildings AT Notification

. Learning
Dashboard Analytics Interface panels

Tableau

Web Server
Server

GPU-accelerated database

Anomaly Predictive

i i Machine Lifecycle
Detection Fault Diagnosis

Maintenance Monitoring

BARGHEST BUILDING PERFORMANCE

Deployment

and automation

Azure ML
Studio

Development
Environment

BBP
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Notifications

Alert
Prioritization

Deep dive
dashboard

Mobile
platform

APls, SSO

Active learning
feedback loop
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Al Based Energy Management Platform BBP

Barghest Building Performance

Address Improve Improved Improved energy
maintenance issues equipment lifecycle productivity savings

- | | .
.L . . .LQJ

Anomalies Machine Condition-based Energy Optimization Edge Control
Detection DiagnOStiCS Lifecycle ® Machine characterization ¢ On-site control

e Outlier detection e Root cause analysis Management * New setpoints based on gptimal
algorithm to detect & (= lles Ak recommendation and energy efficiency

e Failure monitoring : |
ies in si ; evels
anomalies in signals Detection and prediction active controls
using machine

. e Compensate and adapt to
] ¢ Schedule timely ) o
learning approach . changing conditions
maintenance when

necessary e Account for long-term
deterioration of machine
conditions
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Holistic optimization using sensors, controls,
programming, software & asset management
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Power Meter

( Existing Equipment

Barghest Building Performance

How It Works

Holistic chiller plant control logic -
not just single component

Fail-safe redundancies

Full customization to match
operating requirements

Complete reporting and monitoring
for better O&M



Plant Level information
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Site Level Dashboard

Dashboard Overview

Power Performance

@ Cost Savings

BBP has helped to Save

~ SGDS$ 3,682,933

Since 2015 03

Tarift 0.15
Dollars
o Energy Savings

BBP has helped to Save
24,552,888 kwn
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0 Carbon Reduced

BBP has helped to Reduce
12,276

Since 2015 Q3
metric tons of CO2e
0 Water Savings

BBP has helped to Save
5,322

Since 2015 Q3
Cubic meters of Water
MGTC - Low Carbon City

Sensor Calibration Reports Trends
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Customize Control Logic With Data Collection and
Advanced Analytics
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Chillers Health Scores
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ondenser Water Pumps Health Score
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Condenser Pump 1 Health Score Condenser Pump 2 Health Score
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Chilled Water Pumps Health Score

Plant Overview

Portfolio View
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System Efficiency and Anomaly Detections
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Industrial Building BBP

Barghest Building Performance

Plant Performance after BBP System Installation
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«=@== Actual Plant (KW/RT) ==@==Baseline(KW/RT)
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Chiller Plant Daily Efficiency During MCO

Chiller Plant Daily Efficiency
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5-Star Hotel — Chiller Plant Performance BBP
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Chiller Plant Performance with Baseline & Target
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