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VOLUNTEER!

www.ashrae.org/volunteer

BECOME A FUTURE LEADER IN ASHRAE —
WRITE THE NEXT CHAPTER IN YOUR CAREER

ASHRAE Members who are active at their chapter and society become
leaders and bring information and technology back to their job.

YOU ARE NEEDED FOR:
Society Technical Committees
Society Standard Committees
Chapter Membership Promotion
Chapter Research Promotion
Chapter Student Activities

Chapter Technology Transfer

Find your Place in ASHRAE and volunteer

ASHRAE is a Registered Provider with The American Institute of Architects
Continuing Education Systems. Credit earned on completion of this program will
be reported to CES Records for AIA members. Certificates of Completion for
non-AlA members are available on request.

This program is registered with the AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or
dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.
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1 U.S. BUILDINGS ENERGY USE

U.S. Commercial Buildings Energy End-Uses 2020

Heating, 13.8%

Refrigeration, 11.0%

Cooling, 9.1%

Lighting, 9.0%

Ventilation, 8.5%

Office Equipment, 7.3%

Computing, 5.6%

Water Heating, 4.1%

Cooking, 3.5%

Other Uses, 28.1%

BUILDING INDUSTRY TRENDS

¢ Centralization of Ownership (large chains, owners)
* Climate change mitigation /-cexben+eguletion

* Green/sustainable/living buildings

* BIM /digital modeling

* Benchmarking /datal

* NZEB/NZEC

® Resilience

® loT/Smart everything
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Source: DOE Building Energy Codes Program

2021: EVERY MINUTE

A Minute on the Internet in 2021

Estimated amount of data created
on the internet in one minute

< ®

28,000 subscribers
watching

@ ®
695,000 1.6m USD
stories shared spent online

o

2m views

connections made

69m <
messages sent A Emails sent

@ > )

5,000 500 hours
downloads of content uploaded

Source: Lori Lewis via AllAccess

©@®06 statista%

Source: Statista
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Urbanization

City Population /
© 1-5milion
© 510 million

@ 10 million or more

18



Urbanization

19

Decarbonization

’

eg
Cities %

are responsible of global carbon
for more than dioxide emissions.

Percentage Urban City Population
0-20% - © 1-5milion
20-40% ©  5-10 million
4060% @ 10 million or more

| 60-80%

[ s0-100%

Figure 5.2: Risks from climate change, as reported by 110 cities to the
Carbon Disclosure Project (CDP)

20 March 2023

Source: Based on data from https://www.cdp.net/COPResults/COP-Cities-2013-usage-summary.pdf.

Sea level rise - — ‘
Storms/floods - _
Drought l _
Frequent/intense rainfall _ _ :
Temperature increase/heatwaves - ‘ _
0 0 20 30 40 50 6.0 7.[] 8.0

® Africa East Asia ® Europe

@ Latin America ® North America © South Asia/Oceania
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Figure 2.5: Global ICT developments (2005-2015)

Source: ITU World Telecommunication /ICT Indicators database, last accessed 16 March 2016.

Digitalization

Subscription per 100 inhabitants
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DIGITAL TWINS

Virtual replicas of a physical product, process, or system—bridge physical and
digital worlds.

Early Uses:

- Infrastructure
- Modeling

- Transportation

- Cities/Urban Planning

digital twin

/ dig-i-tal twin /

noun

1. A Digital Twin is a virtual representation of real-
world entities and processes, synchronized at a
specified and fi

digitaltwinconsortium.org




20 March 2023




20 March 2023

DATA AND ANALYTICS

11



The field of Data & Analytics is evolving fast, driven by the large amount of
data available as well as technological quantum leaps

SQL / MDX Data Warehouse OLAP SPOT Client / Server Master Data

Traditional BI
Primarily descriptive analytics
and reporting
Internally sourced, relatively
small, structured data -
“Back room” teams of analysts

Hadoop In-Memory

Mainly informational / Big Data

processual value
On premise systems

Complex, large, unstructured
data sources

Data streams and ‘real time”
processing

New analytical and
computational capabilities

R/ Python

Advanced Analytics

A seamless blend of
analytics and big data
Analytics integral to running
the business, strategic asset
Rapid and agile insight
delivery

Analytical tools available at
point of decision

Cultural evolution embeds
analytics into decision and
operational processes

20 March 2023

PwC 2016 Strategy & Global Industry 4.0 Survey

N

ARTIFICIAL INTELLIGENCE?

® Artificial intelligence — the techniques used to teach computers to learn,
reason, perceive, infer, communicate and make decisions similar to or
better than humans

¢ Comprising:
® Machine Learning — science of getting computers to act intelligently without
being explicitly programmed
* Neural Networks and Deep Learning — Neural Networks automatically learn

about the features of a specific object based on large amounts of training data
and power Deep Learning

® Adversarial Networks — Al systems embedded with multiple neural networks
that compete with each other, a path towards unsupervised learning

Walll Street Journal Pro 2018 Advances in Technology Push Al Into the Mainstream

12
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MACHINE LEARNING ... JUST MATH, STATS, DATA

E @ EE
it | [ =)

The New Stack 4-7-2017Machine Learning Is Not Magic: It's All About
Math, Stats, Data, and Programming
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Al ADOPTION COULD CREATE TRILLIONS IN
VALUE

® Tech giants spent an estimated $20 billion to $30 billion on Al in
2016

®In 2017, $15.2 billion was invested in Al startups around the
world, and nearly half (48 percent) of that total went to China; 38

percent was invested in the United States.

*® Al could potentially deliver additional global economic activity of
around $13 trillion by 2030

Walll Street Journal Pro 2018 Advances in Technology Push Al Into the Mainstream

SMART TECHNOLOGY, BUILDINGS, CITIES
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SMART CITY?

“Smart cities put data and digital technology to work with the goal
of improving the quality of life”

“Smart cities add digital intelligence to existing urban systems,
making it possible to do more with less.”

“Smart cities use data and technology to make better decisions.”

McKinsey Global Institute 2018 Smart Cities: Digital Solutions for a More Livable Future

“Using digital technology to solve the timeless problems of cities.”

Anthony Townsend 1-14-2019 Architect Magazine Q+A: What is a Smart City2

ounsel

bruary 2016

15
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DOMAINS OF SMART CITIES

Smart applications in eight domains affect multiple aspects of the quality of life

MOBILITY

SECURITY

HEALTHCARE

ENERGY

WATER

WASTE

ECONOMIC DEVELOPMENT AND HOUSING

connectedness
ENGAGEMENT AND COMMUNITY ‘

McKinsey Global Institute 2018 Smart Cities: Digital Solutions for a More Livable Future

\OTHE GOAL

A more efficient, responsive, and sustainable city . ..

... that delivers better outcomes for the people who call it home
30-40% 8-15% 15-30 25-80 20-35%

lives saved each fewer crime lower disease minutes shaved liters of water faster emergency
year in a city of incidents burden off the daily saved per person response times
5 million commute per day

McKinsey Global Institute 2018 Smart Cities: Digital Solutions for a More Livable Future

16



POTENTIAL IMPACT OF SMART CITY
APPLICATIONS

CITIES WITH MOST DEVELOPED SMART CITY
TECHNOLOGY BASES

Asia-Pacific

North America
New York City
San Francisco
Chicago
Seatlle

Austin

Boston

Los Angeles
Toronto

Europe
Stockholm
Amsterdam
Copenhagen
Barcelona
Helsinki
Vienna
London
Santander
Moscow
Berin
Hamburg
Paris

Bristol

McKinsey Global Institute 2018 Smart Cities: Digital Solutions for a More Livable Future
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I 150
I 57
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I 137

McKinsey Global Institute 2018 Smart Cities: Digital Solutions for a More Livable Future

Disease burden

¥8-15%

Health
GHG emissions
¥10-15%
Water consumption

V20-30% Environ-
edwase mental

Unrecycl i
v10-20% A

Social
connectedness and
civic participation
Citizens feel connectedto ..
.. their local community
A 15 percentage points.

_theirlocal
govemment

A25pp.

singapore
Seoul
Shanghai
Melboume
Hong Kong
Beijing
Shenzhen
Auckland
Yinchuan
Sydney
Tokyo
Bangkok
Mumbai
Jakarta
Pune

Jaipur

Gommute time

¥ 15-20%

Time spent interacting with
healthcare and government

V45-65%

Time and
convenience

Fatalities
¥8-10%

Crime incidents
V30-40%
Emergency response
time

V¥20-35%

Cost of
living

Cifizen expenditures
v1-3%

Middle East and Africa

avuonaoi [
Dubai I 173
Tel Aviv I 151

capeTown [N 107
Nairobi [ | B

Lagos a2

Latin America
saoPauo [N 130
Buenos Ares I 105
santiago | [ EA
Bogota | 97
Medellin [ | 92
Riode Janeiro [ 88
Mexicocy [N 7.9
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SOME FORECAST BENEFITS OF SMART
CITIES /INFRASTRUCTURE

® Enhance urban mobility
® Public transit fare, toll and parking management

* Traffic/transit optimization

® Smarter infrastructure
¢ Citizen reporting

® Service management

® Strengthen public safety
* Improved safety, reporting, evidence collection

* Digital hearings — speeding tickets

® Improve citizen and social care
® Streamlined application process — govt interaction
® Improved government services

® Improved social care
2019 Microsoft Bringing smart living to your city

N

With over 10
Up untl 1675 the
o

people &%

| ANATOMY or A >
SMART CITY 2

Largest City: — oP “gumS

“The majority of world population
‘growth will ocour in the urban areas
of developing countries, whose
population is projected to increase.
2.5 billion in 2009

To
5.2 billion in 2050

billion

1950 2008 2040 .
This number

‘ ‘ is expected
to double to
n1 million 2 billlion by

al

3% 29% 50% 65% o5 with more -
4 of Ci

li 1.3 million 1333 500+

ity of housing
« Sufficient living area

people are currently moving
into cities each week

China alone will have 221 cities with
1 million + people by 2025

www.postscapes.com
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SMARTER
CITIES

Sensors
-I- Networks

+ Engagemem
@ o\\

o RESULTING IN:

of global GDP AL TI M E
URBAN INFORMATICS

In the developing world, as much as ith the combi
Sy

o i i wireless networks,
80% of future economic growth will occur applications, Smart Cities have arrived.

Cities use @Eg
60%-80%

of the world's annual energy needs

Lighting alone
represents 19%
of the world’s
total electricity
consumption

All OF THE ABOVE a platfor™

TRANSPORATION. JNUTIBIFESK ‘ BUILDINGS

Through sensors om-
taors th sccurate  toig ofbulcinge, | beddedn rosdwiys  Ampower end users o monhoring devioes et

rents condons e enargy uses, ond slow
poluion vl widie mpanies o

S reaured.

SMART CITY IN A BOX

s has developed a set of apps based on the four pillars of a Smart City - Sustainability,
Efficiency, People and Security. These apps can be used independently or in conjunction
with other apps for a seamless monitoring and management.

SUSTAINABILITY EFFICIENCY
cmln/mmunzmn
FLOODMODELLING
SHARTLIGHTING ey

Sensors anc contolers

mmmmw
of datarecoved from
e mtaled 1 s 1o
it breakdowns
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other vafté misconduct

SECURITY
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SMART MANUFACTURING

8. Big investments with big 1. Industry 4.0 - From talk to
impact: It's time to commit action and implementation
7. Industry 4.0 is 2. Digitization drives
quantum leaps

accelerating globalization, ot
but_wnh a distinctly -
regional flavor

wide data analytics

20 March 2023

in performance

relationships with more

6. Robust, enterprise- . 3. Deepen digital

capabilities require
significant change

empowered customers

5. Data analytics & digital . 4. Focus on people

trust are the foundation of and culture to drive
transformation transformation

PwC 2016 Strategy & Global Industry 4.0 Survey

Global Information and Reliability Portal

Geta 360" viewover all plants, KPT’s, maintenance alerts and real-time production data.

Predictive Maintenance Real-time Monitoring Predictive Quality Pracess Mining

Predict tool defects and machine Process production sensor data in Torrate juurind nuabty and redtie Al e stens tih e ko
downtimesbefore they happen to take [ll real-time from machinesto the global [l \vaste and costs by analyzing sensor R e

e reliability portal. data in the production process. process optimization measures.

Analytics
Data

Technology

fix) Statistical Modeling Machine Learming N~ Simudation

} Sensor data Production data Plant and supplier KPIs
Temperature, vibration, pressure, etc. Utilization, quality, setup time, etc. OEE, on-time delivery, output volme, ete.

- Cloud Platform & Services ¢ Big Data Services ml Visualization Tools

Location-Based Solutions

Record, analyze and visualize position
and movements of any resources in.
real time to improve shop floor and
logistics efficiency .

< Sy

&%) Optimization

A Risk factors

Downtimes, bottlenecks, quality etc.

1@‘ Collaboration & Workflows

PwC 2016 Strategy & Global Industry 4.0 Survey
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INTERNET OF EVERYTHING -- IOT

INTERNET OF EVERYTHING

With 5G wireless and ubiquitous data sensors becoming available, every
device that collects data can share it — supporting real-time decision-
making for controls, utility grids, buildings, traffic, and transportation.
Imagine dozens of sensors ensuring our comfort in our workplaces while

optimizing energy efficiency and sustainability

Benefit of 5G is not high bandwidth (transmission capacity) but low
latency (delay before data transfer begins following transfer request)

20 March 2023
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Internet of Things

Trends + Statistics

THE NUMBER O

BULLIONS DF DEVICES

Industry-wide:
eommunication protocols
are necessary for the full
Falization of lo's market

potential of

S i

U/

41h
of decision makers IoT is expected to creafe.
surveyed say ;lhe\r
organizations plan to In“zn f d t /

ey pmcpess IoT- u dla ear

related data close to i China alone by 2030,
the point of creation.

loT
INCEPTION |

1 . .
1988 1992 1955 2000 2004 2000 2012 2016

oncloudone.com

E THE STATE OF loT SECURITY [

/" OF CONSUMERS LACK CONFIDENCEIN-
0 THESECURTY OF OTORVCES

The majority of businesses and consumers SUpport- o o e
loT security r
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|OT REQUIRES CYBER SECURITY

CYBER SECURITY: DIGITALIZATION CREATES
OPPORTUNITIES AND RISKS.

I

Connoctid Faci litles fPlantiSite Bilan of Devices
Digitalization creates... & B s e e
Opportunities Connected Systams 34.888(2018)

Billions of devices arg hBiTlg ............................................................... guaagsd 22.98(208)

connected by the Intemet of =
Things, and are tha backbone e AT )

of our infrastructure and @a ‘.i:. SRR i YT INCRpSN(2009)
economy

1968 1992 1996 2000 2004 2008 2072 2016 2020

...and risks

v
the stability of our society
risk

N

IOT CHANGING DESIGN AND OPERATION

® Data collection to

analyze use of spaces

® Sharing information and

knowledge

Archipreneur 1-29-2019

23



Frasers Tower

TRIAL

BLOG
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HELP

IOT AND WIR

Wireless Sensors Fill the “Data Gaps”

Gateways v)/
or ps maintain real-time occupancy counts,

y 5
0“"??"‘1 & P'“f"? 59'_\90"5 t f track workplace density and enforce social distancing

orkplace

People Counting Systems

g [ 3 : y rules

space & cleaning optimization L .

Activity & Motion Detectors

¢ ity of et nd Sysier
10 monitor actvity s equipment use,
operation, hand sanitizer dispensing & more

Dynamic Safety Signage WAIT

Action & Alert Buttons

w"‘,ﬂ- anyw cking usage, unsale situations,

e - building employee confidence. ve - such as g
rooms in need of cleaning, or to call for assistance.

s P g | e ; Workplace ID Badges
These allow for people counting &

[ [ (] [ density racking within the workplace

Employees Customers Visitors

24
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INDUSTRY

® Drones

IOT ALREADY CHANGING CONSTRUCTION

® Worker Safety

® 3D modelling and precision

measurement (digital twin)
® Asset Tracking
® Predictive Maintenance
® Augmented Reality

® Computer-integrated

Manufacturing

BIM Today 1-8-2019 Modern technology in the construction industry

25
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ENERGY AND WATER

K Consiints  hites Deswing i

| S S———— S —

W< ]3] X |z

5 acate tumed of | o | & |odmtc
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USE CASES OF
3D CITY MODELS

UTILIZATION
USE CASES

Carbon Neutral City

Smart City

Innovations & Products
Services & Workflows

Web Services

Business

Education & Research

[City] Marketing

Tourism & Navigation

City Events

Communication & Interaction
City Planning

[Smart] traffic & transportation
Building & Infra Design
Project Planning

City Information Model
Reality Mesh Model
Planning & Design
Simulations

Virtual Reality
Augmented Reality
Visualization

Data Integration
Registers

Sensor Data

Customer Flow

Data Services
Co-operation Platforms
Interaction Forums
Feedback & Initiatives
Energy & Emissions
Alternative energy
Open Data

[Serious] Gaming
Navigation

Shadows
Measurement & tracking

APPLICATIONS
DATA SOURCES
Analyzes

Microclimate

Building Permissi
Decision Making
[Project] Managere
Construction

Asset Management
Maintenance

[Tele] Networks & Lightning
Exceptional Situations
Rescue & Safety
Exhibitions
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Earthquakes”™ = g

. Insulaticn -

] Urban Plunmng
g Electric \7’ hicle
P et
-
~
Resilience 3 -
% ’E‘ “
i -

Smart Meters

Hosting Capagity:

Microgrid
Energy use

Digital Twin

ted Infrastructure

Events
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Digital Twin
Biochips,

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots
Smart Robots

Deep Neural Network ASICs
Al PaaS

Quantum Computing

5G

Deep Neural Nets (Deep Learning)
‘Carbon Nanotube

loT Platform

Virtual Assistants

Silicon Anode Batteries
Blockchain

Connected Home
Autonomous Driving Level 4

Volumetric Displays
Self-Healing System Technology
Conversational Al Platform
Autonomous Driving Level 5

WHERE

Mixed Reality

w

s

= Edge Al

3 Exoskeleton |
Q| Blockehain for Data Security :eudmmorph'c
) Knowledge Graphs artware

o

ON THE
HYPE
CURVE?

4D Printing
Artificial General Intelligence.

Smart Fabrics

Flying Autonemous Vehicles Augmentad Realty

Biotech — Cultured or Artificial Tissue

As of August 2018
Innovation Eilaa::; Trough of Slope of Plateau of
Trigger Disillusionment Enlightenment Productivity

Expectations

time
Plateau will be reached:

QO lessthan2years @ 2to5years @ 5to10years 4\ more than 10 years & obsolete before plateau

SUMMARY

3-D digital models (digital twin) make it easier to understand our buildings,
communities, and their interactions with environment

Sensors becoming ubiquitous in our lives
Security, privacy and data ownership become critical components

With 5G deploying, data connectedness makes Smart Cities possible — powerful tool
for policymaking or building owners

Anything that is measured locally now will be connected in future — Smart Buildings
- loT = Smart Cities

Data analytics (Bl, machine learning, Al) allows us to find trends and causes not clear
from our limited data today

Much of what is described for loT, Big Data, Al, Smart today ... a lot of hype

30
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CHALLENGE: PROVIDE CLIENTS
WITH MULTIPLE METRICS

Energy

Demand
Cost
Woater
IEQ
Carbon

Business model
(sales, student, occupied room,
business unit: barrel of beer, case of wine)

QUESTIONS?

K\} THANK YOU!
|

ASHRAE ) Cleveland

" Chapter
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Dru Crawley Cleveland
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