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Why	is	Climate	Sustainability
a	Challenge	?



Source:	State	of	the	Planet
https://news.climate.columbia.edu/2021/02/25/carbon-dioxide-cause-global-warming/



Global CO2 Emissions Due to Fossil Fuel Use in 2021

            Coal	 	 	 15.3	billion	tons
	 											 Natural	Gas	 	 		7.5	billion	tons
	 											 Oil	 	 	 10.7	billion	tons

Source:	IEA	Global	Energy	Review:	CO2	Emissions	in	2021
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2



CO2	Emissions	in	Selected	Emerging	and	Advanced	Economies,	2000-2021	

Source:	IEA	Global	Energy	Review:	CO2	Emissions	in	2021
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2



Source:	https://www.bbc.com/news/science-environment-51111176

Temperature rise of 1.5 – 2.0        = Point of No Return



Source:	Craig	Dearden-Phillips:	Don't	be	a	polar	bear
https://www.thirdsector.co.uk/craig-dearden-phillips-dont-polar-bear/management/article/1488091



Africa, China and Florida, USA 
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Source: AP

Source: Stringer/Reuters 

Flooding in Pakistan
   2022

Source: Bloomburg 



Hurricane	Isabel	struck	the	Mid-Atlantic	region	of	the	USA	between	18-19	September	2003
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Flash flood caused by torrential rains in Auckland area in late January 2023
https://youtu.be/5r2AzhxEvxM

Aljazeera News, The Waiohiki Bridge is washed away in Napier. [Kerry Marshall/Getty Images]

2023	January	Flooding	in	New	Zealand
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Hurricane	Sandy	
	New	York,	New	Jersey	2012
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https://idsb.tmgrup.com.tr/ly/uploads/images/2022/07/08/217454.jpg

Dry riverbed in Italy (Po River) due to 
worst drought in 70 years, June 2022

The Jialing Riverbed at the 
confluence with the Yangtze River 

is exposed due to drought on 18 
August 2022, in Chongqing, China

https://image.cnbcfm.com/

Droughts	in	2022	
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July 2021: The Dixie fire burned close to a 
million acres in California’s Lassen county 
over three months and became the first fire 
to cross the Sierra Nevada. Photograph: 
Noah Berger/AP

Peaks glowing with thousands of spot fires 
on 13 June 2022, in Flagstaff, Arizona.

Rob Schumacher/The Republic

Wildfires	in	the	US	
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Wildfires	in	Europe,	Summer	of	2022	

Southwestern France, July 17, 2022 Central Portugal, July 13, 2022 Brandenburg, Germany, August 2022

Greece, July 2022 Northern Spain, June 2022

“The number of wildfires in 2022 in the EU have nearly quadrupled the 15-year average”
Source: CNN according to Copernicus, EU Earth observation program

Central Italy, July 2022
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Siberia:	Wildfires	in	June	2021
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2008	China	Snowstorm
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Promote	Cleantech	Solutions	
for	Climate	Sustainability	

© Saifur Rahman
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Challenge	is
Decarbonization



Reduce Carbon Emissions 
from Electricity Production

Carbon Emission 
Reduction Opportunities

 

1. Use less electricity, energy efficiency

2. Use low carbon fossil fuel power plants

3. Use H2 & other storage technologies 

4. Promote more renewables 

5. Accept some nuclear

6.  Promote cross-border power transfer



In	the	United	States
70%	of	Electricity	Usage

is	in	Buildings

© Saifur Rahman
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Customers Controlling Buildings 
Optimized for Savings

Measured energy savings across deployments
20% HVAC Energy Savings 
25% Lighting Energy Savings

Occupant satisfaction: spaces controlled by a building 
automation systems are more comfortable due to more 
consistent temperature profiles and healthier air quality 
through consistent monitoring of environmental factors 
(CO2 levels, PM 2.5).



© Saifur Rahman
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Grid-interactive	
Internet	of	Buildings	(G-IoB)	



Historically: Demand 
driven supply (supply 
responds to demand)

New Reality: Supply 
driven demand (demand 
needs to adjust to meet 
fluctuating supply with help 
from storage) 

A	New	Paradigm	for	the	
Electric	Power	System



Smart Grid

Smart City

Smart 
Campus

Smart 
Buildings

Supported by ICT and distributed networks 
of intelligent sensors, data centers/clouds 

E c o s y s t e m

Smart grid: Bi-directional flows of energy, 
remote control/automation of power, 
integrated distributed energy…

Smart city: Complex system of 
interconnected infrastructures and 
services…

Smart buildings: Intelligent building 
automation systems, smart devices, 
productive users, grid integration…

Smart Campus: A collection of buildings 
managed by the same facility manager…

The Smart Grid 
Ecosystem 



What	makes	a	Building	Smart

A	single	platform	
for	monitoring	
and	control	of	
HVAC,	lighting,	
water	supply,	
sensor	networks,	
security	camera	&	
fire	emergency

Source: Smart Building Market To Grow 30% by 2020, http://www.iotsolutionprovider.com/smart-building/smart-building-market-to-grow-30-by-2020, December 2015.

© Saifur Rahman
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IoT	Sensors
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LonWorks enabled sensor:
• LRI 5133-10 Helio Multi Sensor (light 

sensor/ movement sensor) from Philips.

Hard-wired sensors:
• Photocell from Watt Stopper (EM-24A2) 
• Occupancy sensor from Watt Stopper (UT-

300)
• Outdoor temperature sensor from 

Honeywell (C7089U1006)

Reasons for selection:
• Commercially available products

Multi Sensor Photocell sensor

Occupancy sensor Outdoor temperature 
sensor



Sensors/
PowerMeters

Plug Load 
Controllers

Lighting Load Controllers

CT30 
(WiFi)

CT50 
(WiFi

)
CT80 
(ZigBe
e SE)

ICM
(WiFi)

RTU 
(Modbus)

VAV controller 
(Modbus)

Nest
(WiFi)

Philips Hue
(WiFi)

Light switch
(WiFi)

Step-dimmed 
ballast

(ZigBee)
Lighting 

load 
controller
(BACnet)

Smart plug
(WiFi)

Smart plug
(ZigBee)

Plug load 
controller
(BACnet)

Power 
meter

(BACnet/M
odbus)

Power meter
(Modbus)

Occupancy 
sensor

(BACnet)

Light sensor
(BACnet)

HVAC 
Load 

Controllers

2
8

IoT	Device	Integration	Through	Industry	Standard	
Protocols	and	Communications	Technologies

© Saifur Rahman



Smart Buildings on a Smart  Campus

…

Utility/DR Aggregator

HVAC

Lighting loads

Plug loads
Sensors/power meters

PV & storage

Security cameraCustomers/Operators

Occupant 
comfort
Demand 
response

Solar PV/Storage 
Management

Energy Savings 
(kWh)

Peak demand 
(kW) reduction

Alarm & 
Notifications

• DR Event
• Pricing
• Billing

Buildings

Water meters
Encrypted 
Data Link

Router

Internet

Building Energy 
Management

Security 
Surveillance 

© Saifur Rahman
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Academic	Building	in	Alexandria,	Virginia

Area:      2500 Sq Metre
Energy:      14-25 MWh/mo.
Peak load:  61 kW

Alexandria, Virginia, USA

© Saifur Rahman
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Classroom	under	Real-time	Monitoring	

BEMOSS core

Plug load controller

Environmental sensor
(CO2, noise, temperature, RH)

Motion sensorThermostat

Power meter

© Saifur Rahman
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Weather Sensor Integration

Indoor	Environmental	Monitoring

© Saifur Rahman
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Using WiseBldg the building operator reduced HVAC 
consumption by 27%

Energy	and	Peak	Savings	from	HVAC	Control
Location: Alexandria, VA
Area: 25,000 square feet
Deployed Devices
• 6 Thermostats
• 6 Power meters
• 1 Li-ion battery
• 1 Environmental sensor 

Summer	Months
(June-July-August)

Compressor 
consumption 2014
(Before WiseBldg) 

8,340 kWh

Compressor 
consumption 2016 
(After WiseBldg)

6,071 kWh

Average savings 26.8% savings

Temperature profile BEFORE 
WiseBldg Demand Reduction

Temperature profile AFTER 
WiseBldg Demand Reduction

Base case (w/o WiseBldg)

• Setpoint: 74 deg F
• Energy usage = 2.72kWh
• Max demand = 3.98kW

Managed by WiseBldg

• Setpoint: 77 deg F
• Energy usage = 1.42kWh
• Max demand = 0.5kW

Using WiseBldg, Building Operator 
saved 27% on HVAC consumption alone

© Saifur Rahman
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Office building size: 500 sqm

Office	Building,	Arlington,	Virginia

© Saifur Rahman
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Reinforced	Learning

© Saifur Rahman
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Using WiseBldg the building operator reduced HVAC 
consumption by 27%

Energy	Savings	from	Lighting	Control

Location: Arlington, VA

Area: 5,000 sq ft

Deployed Devices

• 3 Lighting controllers
• 1 Power meter 

Oct 2016 Nov 2016 Dec 2016 Jan 2017 Feb 2017 Mar 2017 Apr 2017 May 2017 Jun 2017 AVERAGE

33.7% 33.9% 34.4% 33.4% 35.9% 36.2% 35.0% 36.0% 36.3% 34.5%

An average energy savings of 35% was achieved through dimming control 

© Saifur Rahman
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Energy	Savings	by	Controlling	Light	Intensity

Note: Scheduled dimming level from 6:30am to 9:00pm. Open office area A: 50%; 
Open office area B: 45%; Chief office’s desk area: 60%; Chief office’s meeting area: 
50%; Conference room A: 50%; Conference room B: 45%. 
Lights are off after 9:00pm. 

Month

Total 
Measured 

Energy 
Consumption 

(kWh)

Total Calculated 
Energy 

Consumption 
without Dimming 

(kWh)

Energy 
Savings by 

Dimming (%)

October 2016 264.37 399.90 33.89%

November 2016 278.13 423.78 34.37%

December 2016 280.76 426.40 34.16%

Total (October-
December)

823.26 1250.08 34.14%

Machine	Learning	Applications

© Saifur Rahman
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What Can you Do to Serve Humanity?
Cleantech Solutions for Climate Change. 

3
8



climate-change.ieee.org
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IEEE Climate Change Engagement Opportunities



IEEE Climate Change Program

40

https://climate-change.ieee.org

email:	ccircc@ieee.org



IEEE: Enabling Innovation and Technology Solutions

climate-change.ieee.org

41



42

IEEE	Climate	Change	Collection



43

Ecosystem	for	
IEEE’s	Climate	
Sustainability

Work



Climate	Change	Pavilion	at	SC2023
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	 Prof.	Saifur	Rahman	(s.rahman@ieee.org)
				web:	www.srahman.org
  

Thank	you
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