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Jeremiah Chubb patented the Elisha Graves Otis founded the Robert Edwards patented the
first detector lock Otis Elevator Company and sold first electric alarm bell
the first elevator

Chubb OTIS

Willis Carrier developed and Walter Kidde Company founded.
later patented the first modern Later produced the first integrated
air conditioning system smoke detection and carbon

dioxide extinguishing system

_ Carrier) 7 Kidde
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Building System Energy Efficiency Improvements pﬁplc HUB
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Building Sector Accounts for :
40% of Total U.S. Prime Energy Expended
70% of all U.S. Electric Energy Use

GPIC for Energy-Efficient Buildings
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LEED Compliance : 80% Total Floor Area
Total Floor Area: 3000 m2
Window/Wall Ratio: 0.45

LEED Compliance : 87.5% Total Floor Area
Total Floor Area: 3000 mA2
Window/Wall Ratio: 0.5

11% Floor Area < 100 lux

LEED Compliance : 72% Total Floor Area -y /I

Total Floor Area: 3000 mA2
Window/Wall Ratio: 0.4
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Smart Buildings, Smart City:
Transforming the Urban Growth Model
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OTI s The whole is greater than the sum of its parts

HVAC & Electronic Security Fire Safety

Electronic locks, in-room Safes | R
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Chillers and controls Building Automation System
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1) Lighting
Schedules
Scenes
Shades
Light- Level Sensing Integrated Busdng Management System (IBMS)
QOceupancy Sensing
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3} Energy Management

LUtility Manitaring
(Electric/Water/Gas/Oil)

Utility Purchasing

Back-Up Generation

“} 24/7 Monitoring
Alarming & Notifications

§ Plant Management
Condition Monitoring
Parking Garage Utilization

HVAC

Air-Handling Units
VAV & CV Boxes

" Exhaust Fans

Chillad Water Plant

Hot Water Plant
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Communications
Voice/Video/Data

Central Monitoring and Control
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Chiller COPs: Sequencing of fixed-speed chillers:

75

1000Tcn 1000Ton  1830Ton 1800Tem  2T00Ton 2800Ton  40D0Ton

Chiller COP

as |

40% 60% 80% 100%
Chiller Load (%)

Sequencing for VFD chillers:

8.00

— Traditional Control
= = Optimal Control

Total chiller COP
can be improved
by 10%!

Chiller COP

75% 100%

< =% " Chillers /
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Weather Station Artificial Neural Network (ANN) Model* Ahead Prediction of Cooling Load
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* ANN core model by City University of Hong Kong
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Daily Flow Pattern
Estimation and Prediction

In-car
Occupancy Estimation
(Sensor Fusion w/ Load Sensor)

People Counting/
Crowd Sensing

z

Sensor Fusion/Replacement Special Boarding Detection Trapped Passenger Detection In-car
(Door reversal/speed) Violence/VVandalism Detection
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Chiller Plant System: Cooling Load, Powerand Efficiency Profile
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Whenroom temperature reaches setooint, the valve of the chilled water line is closed.

Howewerthe supply fan is still running, so the relative humidity rises.
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Main chilled water supply temperature test.
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Primary & Secondary Water System I

centrifugal chiller
CH1 500 tons
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ENERGY MANAGEMENT
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e = Make system proposal
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Intelligent control

Passive infrared (PIR)
Sefsor

'@PIR Sensor *
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