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Learning Objectives

* Review smart building technology fundamentals
* Present several smart building application examples

* Discuss smart building project process and stakeholder
roles

* Discuss smart building application challenges




* Smart building technology
fundamentals

* Smart building technology
providers

* Example 1 — Natum
* Example 2 — InSite

* Example 3 - Kaizen

Outline

* Smart building project process
and stakeholder roles

* Smart building application
challenges

* Future trends
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Fundamentals Review




Smart Building Characteristics and Elements

Characteristics

* Leverage interconnected devices, sensors, and
automation/control systems

* Optimize its operations, enhance occupant
comfort and safety, and other desired objectives

[
SMART
BUILDING

.

NETWORKS

Elements
* Building systems

* Occupants

]

* Sensors o
makes a building

* Controls “smart”|

* Networks

Lighting

Refer to Video #1 Introduction to Smart Building Technologies

Smart Building Energy Systems and Individual Controls

Building Energy Systems

1) Envelope

BAS Workstation

2) HVAC s ; BAS Server
3) Lighting ) o .'. ’,

P BACnet/Web
4) Water ¢ .:té& =

S
~ Gateway/Router Eaeis by

5) Solar PV + battery energy s 1o
storage

6) EV charging

7) Other (elevator, fire, ///‘”‘-i:;
access/security) LUl

Refer to Video #2 - #6 Building Energy Systems




Sensors and loT Devices

Sensors and loT Devices - - :-g
1) Sensors R

Setpoint =
2) loT sensors <:> c " CD
o Sensors with internet l__/

con neCtiVity Jefferson William CCO 1.0

3) loT devices

o Controlled devices with internet
connectivity and intelligence
that may directly affect the
building control process

e

Image used by permission

from LI-COR Environmental

Refer to Video #7 - #8 Sensors and loT Devices

Smart Building Control Platform Architecture

Application Layer

Integration Layer

© Slipstream Group, Inc.
Refer to Video #10 Smart Building Control Platform




Network and Integration Layer

Integrate various building
control systems and 10T
devices

Two-way communication
with external systems (e.g.,
utility automated demand
response server)

Independent data layer

Data models (Haystack,
Brick Schema, ASHRAE
223P)

Smart Building

APPLICATION LAYER Control Platform API

INDEPENDENT DATA LAYER

1
1

s 1
Integration ozg DATA STORAGE (= |
1

Layer ﬁ <+—— Bridge 1
1

1

1

NETWORK LAYER

LOCAL
INTEGRATION
L ———————— S . S Pl

DEVICE LAYER

© Nexus Labs, LLC, 2023 Image used with permission from Nexus Labs

Refer to Video #10 Smart Building Control Platform

Smart Building Control Methods

36)

Intelligent Control

« Artificial Intelligence (Al)

¢ Machine Learning (ML)
* Neuron Network
¢ Deep Learning

P/P1/PID for single loop control

HVAC control sequences - rule-
base control (ASHRAE Guideline

Model-Predictive Control (MPC)

Image used by permission from: Brian Douglas © Aug 2020 Engineering Media

Refer to Video #12 Smart Building Control Methods

10




Smart Building Technology
Providers

Smart Building Technology Providers

Smart building technologies cover a wide range of
topics, industries, and fields

* Building system control hardware and software
* Sensors and loT devices System / device layer

* Integration

* Integration within building systems ]
. . Integration layer
* Integration with external systems

Smart building application software

* AFDD * Advanced analytics
. ASO and reporting Application layer

e ADR & ADM * Space utilization
e GEB and VPP * Many others

12



Smart Building Technology Marketplace

Nexus Labs

* An online smart building technology community — education, training.

* Learn and exchange smart building technology information

* Consists of learners, buyers, vendors, and other stakeholders

* Buyers’ Guides for FDD, HVAC, loT, Network Layer, Data Layer, Advanced Supervisory Control

Smart Building Technology Marketplace

O .* ABB Ability

4 Accruent

& Hide fields = Filter (& Group  lT sort  EI Q
a Vendor ~ | URL ~ | Layers @ v scope @ ~  Application Capabilities @ v Landscape Category (In p... ~

1 75F https://www.75Tio/ Device App Data | IAQSensors (Oceupancy€d Data Centralization/Visualization = Analytics ~ ASC " BAS Analytics ((Small Building
2 720° https://720.0/en/ App IAQ Sensors

Data Centralization/Visualization

https://buildings.ability.abb/bui...  App m Data Centralization/Visualization ~ Utility Bill Analytic BAS Analytics  Energy Analyt

https://www.accruent.com/pro... App  Mobile App Asset Info Work Orders QQUslisioU RN Els\ Preventative Maintenance Management

Image used by permission from Nexus Labs https://www.nexuslabs.online/
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Example 1: Nantum




Nantum

A smart building control
platform by Nantum Al (formerly
Prescriptive Data)

* Building management and
optimized HVAC, lighting, IAQ,
shades, and glass control

* Portfolio-wide energy and
carbon emissions management

* Automated demand response
and peak load management

e Grid-interactive Efficient
Buildings

Image used by permission from Nantum Al

15

Nantum

1 (with user inputs)

Al Architecture

(without user inputs)
Human-Out-Of-The Loop Controls

o |
' White-Box i Feature, Model,
| ! Generation,
BMS & Vvalidation, &
Sensor Data Monitoring

Real-Time
Optimizations

Al Health
Monitoring

! Synthetic Data i
NnNTw \ Generation |
! '

le—

Data Streaming &
User Interactions

o

M“';';:""g‘ Building Insights
Users i &
Reporting

)

ENERGY STAR

Third Parties

LEED / WELL

System Integration

1
|
1
|
1
1
1 Data Cleaning
1
I
1
I
1
|
1

7 EnergyStar...
Workflow
automation

Application

Image used by permission from Nantum Al
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Nantum
EMIS with ASO

Air ol Uses machine learning for
- Air mixture & quality modeling the air-side system and
Air-Side __, System Optimal Rpde e | Lo | |
Optimizations Scheduling P model predictive control to plan
;In(erior space temperature | static pressure supply air temperature and optlmlze the beSt ContrOI
optimal control optimal control i optimal control .
: : actions

* AHU fan power consumption
optimization through setpoint changes

* Optimize AHU supply air static
pressure and temperature and space

temperature , RN EIRN Y
R: Systom Resistance | K, > R [30%] 77 |os%) |'50%

* Coordinate among multiple AHUs — Flow, 7 @ o o

Total Pressure , P

Image used by permission from Nantum Al
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Nantum
EMIS with ASO

[ crergy Profile before Nantum = =+ Occupancy Energy Profile after Nantum — After Occupancy-based Al Control System o i
BAS Occupancy Automation — Before Occupancy-based Al Control System GHG Emission Reduction
6000 Ot Crled water 57 gt 7000 1500

End-of-Day Ramp
Predictive Leave Time +
Thermal inertia + 1350

Smart StartUp

Predictive ocoupancy +
Thermal inertia + " L5
4000 ' >
b 4200 @
. [y 3 1200
= '
b A o
0 f &
' 2800
2000 ' N 1050
' S
1 S 1400
U L. 900
.
! .
e e 4 Sm--
Previous . PP PP PP PP PSP PP PP
StartTime* " U + Optimal Start Time OF AT AT AT R 6T 67 AT @7 67 Q7 WT A BT B 8T 0T QT T W8T T N ) o

* Optimizes the buildings for startup, ramps, and shutdowns.

* Automatically controls the central plant HVAC or distributed HVAC based on real-time
GHG intensity factors use various machine learning models for occupancy predictions,
weather conditions, and indoor air quality.

Image used by permission from Nantum Al
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Nantum

EMIS with ASO
M&V

Where did
Measurement and
Verification occur?

NATIONAL RENEWABLE ENERGY LABORATORY assessed the impact
of an EMIS with ASO provided by Prescriptive Data at four testbeds
representative of a range of GSA facility types and operating conditions.
RESULTS

How did the EMIS

LR B41% 95%  VISIBILITY

in M&V?
WHOLE- ACCURATE INCREASED
BUILDING PREDICTED WITH MULTIPLE DATA STREAMS?®
ENERGY DEMAND

INTEGRATED DASHBOARD
ﬁﬁ‘)’ﬂﬁf\:u \é\;OA%gNITHIN REVEALED OPERATIONAL ISSUES®

(‘”j‘ie‘mfilsgm MEASURED POSITIVE USER ACCEPTANCE”
DEMAND*

Image used by permission from Nantum Al

Nantum
Peak Load Management

¢ Agent-based supervisory " Database Grid

control and coordination
Generation m. Energy Storage

¢ Building schedules, building
peak load management, | uemana n-spnms e l
Coordinator
| | sensorpata (uMs 10T, ..) lm.
management are represented
by local “agents” m @ —

occupant wellness

s:anc Information

* Central Coordinator agent

coordinates multiple local :" [ |“ I“““""l | =B
) . | W betie =
agents’ activities Wocaa (O meron /o,um—m./’
i Wintention Demand 4 L e
| ; Manager o

Image used by permission from Nantum Al




Nantum
Hierarchical Model Optimization

Types of Models Types of Basis / Kernel Functions Hyper-Parameter Values

Exogenous Regressors ARIMA
CN
SV

Logistic Regression

Our team has experience deploying
specific model types (defines the high
level formulation of the model) for
different applications.

)

K(x,y) = exp(—al|x —y|*)
K(x,y) = exp(—al|x —y||)
While most data scientists choose a
models default configuration we
modulate different kernels or basis
functions in hidden layers of NNg|

Image used by permission from Nantum Al

)

E-Radial Basis Model K(x,y)=x-y Min {Emeds Emax}
LOESS XGboost K(x,y) = tanh(ax.y + b) u“‘b“.
‘m K(x,y)=(1+x-y) sh I-leCt to
< Y min ma
agussian Proce K(x,y) =a [cxp(ﬁ) B l} Upp < Umk < Upy

- umk : vector of continuous variables
(hyper-parameter value(s))
- Particle Swarm Optimization (PSO) is
used to solve this multiobjective
hyper-parameter optimization.

We dive further into each model by
tuning/calibrating hyperparameters of
each kernel to satisfy the
overfitting/underfitting trade offs.
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Time of Use Tariff

Structures g
i
R

4500

DR Progr

VTN Platform
A, Cone, ..)

3500

KW

45000 atimal Demand Limit

Nantum

ADM, ADR, DER Management

T KW after ADM
TTTTTT M KW betore ADM

National/International

(E.g., LL97)

KW after ADR
W kW before ADR

ADR
Period

Carbon Emission Reduction Initiative:

T KW afte Battery Management
Foa-Tima GHG_ multser

W Bstery Dscharging
W Batery Charging

* ADM and ADR - use machine learning to
adaptively predict the peak demand and
set optimal demand limits

* DER Management — manage buildings

i with battery energy storage systems

(BESS) to minimize GHG

Image used by permission from Nantum Al
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Example 2: InSite

InSite

A Full-Stack Building Intelligence & Analytics Solution
for utility consumption, cost savings, and CO2e reductions

,}{ »

é » » // »

Identify relevant
data sources and

establish data

integration strategy

Collect

Gather data and
ensure quality to
establish a single

source of truth

Image used by permission from InSite

Develop data
model to enable
machine
consumption and

scalable analytics

Utilize machine
learning and
human analytics to
create actionable

intelligence

Mobilize to
correct
deficiencies and
deploy

optimizations
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System InSite

/ BAS Optionally, driver "
i BAS Y installed on BAS to Client manages
i Programming =D provide points directly to ! outbound data
i to Expose - | InSite ! T flow
; Points % ; T 1 Application  https
E BAC_ne_t/IP H Firewall / authenticated
| or similar ' through Okta via
! Managed one-way : T T T Oath 2.0
' Network read only ; Integration . .
' Switch to E : . llnSIte |
i Encapsulate g : oy, J D
e F T =
' rid CEor ! en
P Y | psor
. Access To Building Network ~ ===-=-===--~ - H VPN
Only
V2W CradlePoint
Platform Infrastructure Private Network
All outbound communications occur one-
way through T(.:.P.port 443 (https) to a Utility Data from
Images used by permission from InSite whitelisted URL utilizing secure web sockets enterprise System
(wss)
InSite
Algorithms

* Building systems data is continuously processed by a ‘rules engine’
* Two types of rules:
* Fault detection rules — detect deficiencies in system operation
* Rules for optimized operation — alternative control scenarios that have a
positive impact on IAQ, comfort, or energy consumption

snnnnn_RullTn_sn

Images used by permission from InSite




InSite

Algorithms

* Generic rules library is applied to all datasets for
common anomalies
* Custom rules for each dataset informed by
1. Unique system and subsystem types
2. Specific sequences of operations
* Advanced Diagnostics / Prognostics
* Advanced rules that use machine learning to
analyze extended histories and predict
equipment operation
* Equipment operation that outlies predicted
operation flagged for investigation
* Predict gradual operational shift or deviation that
can be hard to identify with standard rules

Image used by permission from InSite
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InSite
Adventist HealthCare Case Study

* A non-profit, integrated health-care

Used by permission from InSite

. . . . Energy Conservation Annual kWh
delivery organization headquartered in Measure (ECM) Savings* Savings*
Montgomery County, Maryland.

. . . Running CHP at High
* Have multiple types of facility sites, Utilization $108,943.00 981,468
complex systems, and varying levels of
personnel interacting with facility data. AHU Retro-commissioning 570,769.00 637,559
Services Adjust Economizer Low 42,846
Limits $39,204.00 (Therms)
ailnSite  Full Platform Integration Analyzing Setpoints, Timers,
and Sequence in Chillers $20,691.00 209,000
é Energy Optimization Adjust Econ High Limit for
AHU 1-2, 1-3, and 5-1 $12,318.00 124,426
Q Systems Optimization *Numbers are calculated by the InSite Professional Engineers and then
measured and verified by the Utility Rebate Program Engineers, before
g Health, Wellness, CSR rebates are awarded.
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Example 3: Kaizen

Kaizen
CopperTree Analytics’ Smart Building Solution

B KAIZEN ad
§f oo
a @ 4 B B ™ £ &

* Unified Energy Management
and Information System (EMIS)

141 16 0

s  F & @
platform etes | vt
e Fault Detection and Diagnostics
(FDD) I S
* Energy Information System (EIS) e——_ P Iy
e Automated System Optimization = e e e @ BSY oaar femer e om
(ASO) ' T
e Automated Commissioning (ACx) T seamasiyear

Used by permission from CopperTree Analytics

Refer to Video #9 Advanced Building Monitoring and Controls
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Kaizen

Kaizen ASO and Kaisen ACx

* ASO: automated two-way
interface optimization tool that
elevates how Kaizen interacts
with Building Automation
Systems (BAS).

* ACx: automated commissioning
process to systematically verify
field devices associated with
HVAC systems monitored and
controlled by BAS platforms

SITE
System BACnet Network
Integration
Results pushed to cloud
Data pushed
1o cloud
Commands pulled
from cloud
—_ - . .
. . O
Application - KAIZEN

Cloud Infrastructure

Used by permission from CopperTree Analytics

Refer to Video #9 Advanced Building Monitoring and Controls
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Kaizen

Kaizen ASO: ASHRAE G36 Implementation

* Kaizen analyzes system
performance to calculate the
“Number of Requests” for each
Plant/System.

* The BAS continuously receives
these performance metrics from
Kaizen to:

¢ Adjust plant and AHU systems’
supply static pressure and
temperature setpoints.

* Suppress rogue zones identified
via statistical data.

1200 1206 11 1218 1224 1230 1236 1242 1248 1254 13.00

Number of Requests
—
1

o
The system will tend towards minimum staric pressurve (thus saving energy) but vespond rapidly to
increasing demand from the revminal units. A cyclic partern is characteristic of a robust Trim &
Respond loop — the setpoint is not expected to remain static except at its mininum and maxinmm
values. Note that this diagram was created for purposes of illustrating how requests are used o
reset the setpoint and does not necessarily represent the expected behavior of an actual Trim &
Respond loop, although the long, slow cveling of the setpoint value is tvpical of T&R control.

Used by permission from CopperTree Analytics
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Kaizen
Kaizen ASO: Setpoint Reset Example

Before ASO

After ASO
[in November - During Heating Season]

LattAxis
. _ n
™ T T
2 I‘ |1 | r
| I\ | ‘ ‘
|
‘l - \ | .
s | | | Discharge Pressure Setpoint o J L
ol [ [ L | W | IV -
| ] | T
o (_— |
| . ;
| ‘| | Actual Discharge Pressure .
L J L i L] B | R L
S S ~— [ S .-__\ | N . -
- . e o \ T 7 =
Fan Status
Zone Pressure Requests
Used by permission from CopperTree Analytics
Kaizen
i : lized Savi I
Kaizen ASO: Realized Savings Example
== - - B KAIZEN
Realized Savings CLISUM Ereaiioun
01,2023 10 A 202024
so0m
so00m .
P
. o
foom -
EJV;(nn ',’ —— .
100000 — '
o -
& - . # . #
~. & &
oute
SANI SANG SN SANE o PILCHWD - POLCIMP S PO0CHNP & PILINE o PI4NE
L— |m7m: |mwm |m:um ‘musm £03.come5) e P06 crwe 5 P13 s o1 e
woc T I0R BT mn = 2w s = Tsas T s
200440100000 RALIRTY 88691 215288 24857 11883 1 28 18874 20182 270
2024Fev01 00000 | 130153 | 127644 | 27260 l 2557 126725 105088 l 190863 27387 3,368 66
2004 Ma-01 0:00:00 | 18T | 145988 1zms7T [ 24581 136848 117600 [ 215100 33185 40042
2004-ape01 00000 180838 | 17808 195679 | o 15278 138186 | 281808 179430 sa0132

Used by permission from CopperTree Analytics
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VAV Actual Flow Reading
Trend Logs

1 5 vav_08_01: ActFiow - Actual Fow Reating
[ & vav_08_16 ActFiow - Actual Fiow Reating
1 & vav_08 31 AcFow - Actual Fiow Reating
[l vav_0s_06: cton - Actual Fow Reaang
. VAV_08_21: ActFlow - Actual Flow Reading
[ & vav_0_36: ActFiow - Actusl Flow Reating
[l & vav_os_1r: ActFiow - ActualFiow Reasing
[ & Vav_0_25: ActFiow - Actual Fiow Resding
[l & vav_os_s1 Actow - Actual Fow Reading

Normal Operation
VAV Actuators Set to AUTO

40

400

Kaizen
Kaizen ACx: Automated Verification Example

(1) Test Begins at 5:00 PM
VAV Actuators Set to 100%

(2) (3)
0% 50%

2023.09-15 0531 P
Yy o Ao mun Flow Resding: 43.90
tFiow - A ading

(4) Test Ends at 5:45 PM
VAV Actuators Set to AUTO

1550 1600 1610 1620

1640 1650 17. 17:10 1720 17:30

w Reading. b 56

17:40 1750

TS G0t oW ()

202303-10 0516 P (raw)
06: ActF|

VAV_08_01: ActFiow - Actual Flow Reading. 147.52
VAV0808: ActFiow - Actual Flow 14685

1 ACTFIowW - ACual Flow ReaIng. 76 01

1: Acirion - Acual Fiow Resding 2721
ActFlow - Actual Flow

ctFiow
ActFiow - Actusl Flow Reading: 302 65

~Actual Fiow Reading. 0 00
VAV 08711 ActFlow - Actual Flow Resding. 186
VAV 08" 16: al Fiow Reading %
vav_08 21 M:tflml Actual Flow Reading: 0 00

Reading 3

VAV_08_41: ActFlow - Actual Flow Reading: 3271

Used by permission from CopperTree Analytics

[VAV 08 31 ActFiom - Actual Fiow Reading 44 55|
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Kaizen
Kaizen ACx: Automated Verification Example

Automated Commissioning (ACx) - Insights

Systems Commissioned: Terminal Units VAV_08_01 to VAV_08_45 served by CU_08_N
Insights generated from data collected between 2023-09-17 and 2023-09-23

Systems wilh iggered insighis and summary ofresuls.
Tests Performed:

- Damper Feedback Mismatch: C:

< Dnmper Loakage: attes aiffiowis less than 15% ol the mesimum srfow sekpirt uhen e dampar connmand is stO.
Compares measuremer

- Damper Res| a150% and 100% damper commands.
- Low Airflow: Verifies airflow is higher e is at 100%.
Insights
System Namo s Tests
| I I
low_airflow Pass
damper_feedback_mismaich Pass
VAV 08 16 1 damper_leakage Pass
Exception: 171.408Ls measured when damper s at
damper_response 50.0% which is higher than 166.991L/s measured
when damper is at 100%.
k l 1
low_aiiow Pass
damper_feedback_mismatch Pass
VAV 08 31 1

damper leakage

damper_response

Exception: 44.578Ls measured when damper s at
0.0% and max flow setpaintis 280.0LUs

Pass

Used by permission from CopperTree Analytics

i1
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Other EMIS Case Studies

LBNL. 2020. Proving the Business Case for Building Analytics.

https://buildings.lbl.gov/publications/proving-business-case-building

37

Smart Building Project
Process and Stakeholder
Roles



https://buildings.lbl.gov/publications/proving-business-case-building

Smart Building Project Implementation Process

- Project ; Permiting
approval
Design PP . selection
* Budgeting |
.
* Funding Lr::g:ment

* Training
* Operation

* Maintenan
ce

Building Owner )

Designer e

Master System Integrator

Smart Building Application Provider —
Commissioning Agent >

IT Manager _
Building Operator —

39

Who is Doing What?

Building Owner

* Decision maker
* (Need to be) Openminded. Accept change.

* Setup project goals and objectives

40




Who is Doing What?

Designer

* Understand the value of smart building
technologies and explain it to building
owner

* Work with smart building solution
providers and come up with smart
building application strategies

* Integrate the vision into design,
construction, and operation documents

41

Who is Doing What?

Master System Integrator

* Connect building systems to enable
data flow, storage, and intelligent
analysis across multiple systems

* Can create custom APIs to
interconnect different building
technology systems

* Work with designer and IT manager
in system integration design, and
subsystems selection

* Has the technical and project
management skills

42



Who is Doing What?

Review overall

Master System Integrator platform
architecture
design
APP 1 APP 2 APP N
" Enable smart
APPLICATION LAYER Al building app
integration

‘ Enable cloud
o = TF" ———————— integration

1
| INDEPENDENT DATA LAYER -5 CLOUO INTEGRATION [ =5 Create database,
! 3 o ASSET RE: unify data
. 1 S sroues
|ntegrat|0n 1 / Connect local
Layer 1 _ E <+ Bridge OT networks
Gatewa
! NETWORK LAYER ‘ 74 L
1 pemers I ] / Deploy gateways
1 INTEGRATION f.. 4 '—-]) £ GATEWAY
_—mmmmmEmEmEmsm SUslAvER — [T T e = == == _ Td - T — e

DEVICE LAYER E . 7 [%D '“’i‘;?il

© Nexus Labs, LLC, 2023

Image used with permission from Nexus Labs

43

Who is Doing What?

Facility Management / Building Operator

* Mange contracts and assess overall usefulness of
new technology

* Maintain relationship with internal IT department
on cybersecurity and software patches/updates

* Need to learn the smart building technologies and
the applications implemented

* Use the application effectively to receive maximum
benefits
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Who is Doing What?

Commissioning Agent ﬁ
* Ensuring the interoperable interfaces are present and
operating as specified |/

* Benefits from new data sources that reduce the effort for
traditional commissioning tasks

* Validating the integrated applications function as
specified

* Verifying core system functions are not compromised by
new applications, and meet the original design intent

45

Who is Doing What?

IT Manager

* May not be familiar with Operation Technology
(OT) networks and protocols

* Maintain building network infrastructures (both IT
and OT)

* Work with MSI in executing the system
integration
* Provides LAN addresses

* Responsible for ensuring cybersecurity for the
organization and policies

46




Smart Building
Application Challenges

Barriers to Smart Building Application Implementations

[ data ontology

] [ lack standards

] Skills

lack of use cases

current IT engagement

cost, loosing control

Perception of users loosing control

Better economic incentives!

Misusage of the term “smart”
i it gives users an

[ proprietar'\{,_slystem with poor
i

[ cyber security fears

] Data & Metadata

Data labellin
] [ . Privacy & Cyber security

lack of real data

Standardised control sequences

Stakeholders perceptions
people afraid about data

Costs & Interoperability

[ data, privacy and cyber security ] Innovation & Culture change

Use cases & Business models

interoperability

] people afraid of Al

Conservative industrial structure

Lack of business cases for budgets to
be set by decision makers

[ “Big brother” watching us

Integration Skills. Defined requirement
for the detailed operation between

different smart technologies. Post

systems smart or hopefully keep

support skills to keep the
] making them smarter

which causes
and disappointment
. High cost esgeciallv due to
engineeri ours
Data protectiveness

Scared of vendor ‘lock-in’

Lack of tools

Define and share concrete use cases

Horror stories

siloed thinking

Source: International Energy Agency. 2023. Data-Driven Smart Buildings: State-of-the-Art Review
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Barriers to Smart Building Application Implementations

* Involve many stakeholders
* Building owner

* Lack of standardized building system
data and data models

e Designer
+ Master system integrator * Expertise to cover so many different
+  Smart building technology vendor technology areas

* |T manager
* Building operator
e Utility provider

* Use cases, customer value proposition,
and project cost effectiveness need be
well-documented through third-party

* Complex system architecture and control field validations

methods. Difficult for most people to
understand

* Integration challenges:
e ITvs.OT
e Various communication protocols. Cybersecurity

49

Future Trends




Future Trends

* Fully integrated building system » Adaptive and autonomous controls
components * Adapt to changing conditions in real-
* Integrate all sensors, controllers, and tim? — occupancy, weather, utility
controlled devices in various building systems pricing, etc.
+ Shared data for smart building applications * Self-tuning

e Self-calibration

Al and ML applications in smart buildings .
e Autonomous control / generative

* Large Language Model (LLM) applications autonomy?

to reduce O&M cost * Edge computing

* Standardized data models for large-scale, » Decentralized control at the building

low-cost smart building application system/ device level. Optimization and
implementations coordination at the supervisory level

¢ Smart communities and smart cities

51

This material is based upon work supported by the U.S.
Department of Energy’s Office of Energy Efficiency and
Renewable Energy (EERE), Building Technologies Office
(BTO) Award Number DE-EE0009703.

The views expressed herein do not necessarily represent
the views of the U.S. Department of Energy or the United
States Government.

This presentation is for educational purposes only. Any

materials shown herein are exhibited solely for the
furtherance of the public good.

Thank you!
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