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Data for Green Workplace
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Thermal Quality
- Air temperature
- Relative Humidity

Air Quality
- CO2
- CO
- PM2.5, PM10, PM1.0
- TVOC
- Formaldehydes
- NO2
- Ozone
- Ammonia Lighting Quality

- Light/Daylight level

Acoustic Quality
- Background sound levels

Spatial Quality
- Occupancy

Indoor Environmental Quality Analytics
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Measuring Elements:
1. Temperature (oC)
2. Relative Humidity (%)
3. CO2 (Carbon dioxide) (ppm)
4. PM1.0 (μg/m3)
5. PM2.5 (μg/m3)
6. PM10 (μg/m3)
7. TVOC (ppb)
8. CO (Carbon monoxide) (ppm)
9. NO2 (Nitrogen dioxide) (ppb)
10. HCHO (Formaldehyde) (ppb)
11. O3 (Ozone) (ppb)
12. Illuminance (Lux)
13. Noise level (dBA)
14. PIR Motion Detector
15. Ammonia (ppm)

15-in-1 IEQ Sensor
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Energy Consumption Monitoring
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Wireless 
Controller

Door/Window 
Sensor

15-in-1 IEQ 
Sensor

Occupancy 
Sensor

Smart Building 
Platform Server

We can turn on/off the A/C, Lighting based on:
1. People presence
2. Indoor Environmental Quality
3. Window/Door Open
4. Others

Wireless Facilities Control For Energy Saving
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Intelligent
Energy Management

 Use minimum energy

 Automate all control 
processes

Fault Detection & 
Diagnostics

 Automatically detect 
and diagnose 
abnormal equipment

 Provide actionable 
insight

Data
Visualization

 Interactive platform 
to visualize actual 
energy performance 

 Filter all noise

Data Analytic for Green Workplace
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 Digital Map  Equipment Modelling

 Real Time Traffic  Cooling Load

 Navigation  System Control

From Digital Map Navigation to Energy Optimization
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Garbage In, 

Garbage Out

Data Quality
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 Measurement Errors (e.g. Sensor Bias)

 Missing Data/Points

 Incorrect time index

Common Issues of Data Quality
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Sensor FDD - Sensor Bias Evaluation (Simplified Example)

𝑅𝑅2 = −𝑐𝑐0 + 𝑐𝑐1𝑂𝑂𝑂𝑂1

51 − 55 = −4 = −𝑐𝑐0 + 𝑐𝑐1𝑂𝑂𝑂𝑂1 - (2)

𝑅𝑅1 = −𝑐𝑐0 + 𝑐𝑐1𝑂𝑂𝑂𝑂1 + 𝑐𝑐2𝑂𝑂𝑂𝑂2

52+23-75 = 0= −𝑐𝑐0 + 𝑐𝑐1𝑂𝑂𝑂𝑂1 + 𝑐𝑐2𝑂𝑂𝑂𝑂2 - (1)

𝑅𝑅3 = −𝑐𝑐0 + 𝑐𝑐2𝑂𝑂𝑂𝑂2

21 − 23 = −2 = −𝑐𝑐0 + 𝑐𝑐2𝑂𝑂𝑂𝑂2 - (3)

>8%
(e.g. CL: 4.18x6x4 =100kW)

Sensor Bias

Main Pipe: 𝒄𝒄𝟎𝟎= 𝟔𝟔

Chiller 1: 𝒄𝒄𝟏𝟏= 𝟐𝟐

Chiller 2: 𝒄𝒄𝟐𝟐= 𝟒𝟒

Chillers

VS Pump

Ch.W.S.

Ch.W.R.

FM
FM

75 l/sChiller 1&2 On -6

FM
23 l/s-452 l/s-2 50 l/s 19 l/s

69 l/s

Chillers

VS Pump

Ch.W.S.

Ch.W.R.

FM
FM

55 l/sChiller 1 On -6

FM
51 l/s-2 49 l/s

49 l/s

Chillers

VS Pump

Ch.W.S.

Ch.W.R.

FM
FM

23 l/sChiller 2 On -6

FM
21 l/s-4 17 l/s

17 l/s
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Raw data With Data Cleansing With Sensor Bias Correction +
Data Cleansing

Correct flow and temp. sensor biasesDiscard noisy and non-steady state data

Data Cleansing and Bias Correction



2/28/2022 ATAL Confidential Proprietary 14

Building Equipment Model

Building Digitalization
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Datasheet Model

Real Behavior

Datasheet vs Real behavior
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Empirical Model Physical Model Machine Learning Model Physics-Guided
Machine Learning Model

Structure

Features
Describe the relationship between 
dependent (y) and independent variable 
(x) without explaining the mechanism 

Derived based on the physics laws 

(e.g. 1st and 2nd laws of thermodynamics)
Derived based on machine learning 
algorithm 

Derived based on machine learning 
algorithm 

Constrained by physics principles (e.g. 
COP increases with reduction in chiller 
lift)

Model

Pros Simple Allow confident extrapolation outside the 
range of available data Flexible 

Flexible and obey physics principles
No assumption needed (e.g. no energy 

loss)

Cons No predictability outside the range of 
available data

With assumptions (e.g. no energy loss)

Additional work is needed for a special 
type of chiller (e.g. absorption chillers)

May violate physics principles
outside the range of available data Require high domain knowledge

Accuracy No predictability 
outside the range High Accuracy No predictability 

outside the range High Accuracy +

Modelling Techniques Comparison
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Building Equipment Model with Missing Data

Inaccurate Model Accurate Model

The FIRST in the World to Apply PGML in Energy Optimization
And Successfully Overcomes Data-related Issues  

Machine Learning
 Deep learning can’t be performed
 Violation of physical principles

PGML
 Applying physics laws for interpretable results
 Representing actual equipment performance

Intertwined Wrong Prediction

Physics-Guided Machine Learning
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Real-time search for the optimal operation points

y
y
fx

x
fz ∆⋅

∂
∂

+∆⋅
∂
∂

=∆

N-Dimension 
Optimisation Search

 Chilled water supply temperature set 
point

 No. of chillers to be run
 No. of chilled water pumps to be run
 Chilled water pump speed to meet 

chilled water flow rate demand
 Condenser water pump speed
 No. of cooling towers to be run
 Cooling tower fan speed

1-D search: TChWS 2-D search: x & y

Search for Optimal Condition
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AI-based Data 
Processing

Development of 
Equipment Models

Real-time 
Optimization

ML Application ML Application

Energy Optimization by Big Data
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Chiller
ModelCT Model

CDW 
Model

CHW 
Model

 Real Data
 Dynamic
 Continuous
 Each equipment has its unique PGML model
 N-Dimension optimisation search 

Dynamic Search

Energy Optimization by Big Data
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Recognitions
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Hong Kong ICT Awards 2019 – Big Data Category



2/28/2022 ATAL Confidential Proprietary 23

2021 ASHRAE Technology Award
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Association of Energy Engineers – International Award
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Thank You
Derek So
BEng (Hon) MBA MIET
Business Development Manager
ATAL Technologies Limited
Email: derekso@atal.com
Mobile: 94880410
Website: www.atal.com

mailto:derekso@atal.com
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