


Disclaimer

« The primary purpose of this session is to inform and provide information to
the audience. The views, information, or opinions expressed during this
Fresentat|on and/or its associated/referenced materials are solely those of

he individuals and/or organizations involved and do not necessarily
represent those of Tridium, its affiliates or its employees.

« With respect to this presentation and the information and materials
presented, Tridium makes no warranties, express or implied, including the
warranties of merchantability and fitness for a particular purpose, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of an¥ information, apparatus, product or process disclosed, or
represents that its use would not infringe privately owned rights.

 Tridium is not responsible for and does not verify the accuracy or reliability of
any of the information contained herein. Results referenced, it any, may vary
and past performance is not indicative of, and Tridium does not guarantee,
future results. This information does not constitute professional or other
advice or services and is presented for informational purposes only.
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Introductions

Joseph Fleshman James Meacham Roger Quesnel
Interim Director, Principal Chief Operating Officer
Energy and Engineering Altura Associates SkyFoundry

University of California, Irvine
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Decarbonization Goals

Net-zero by 2050
45% reduction in carbon emissions by 2030
Current national plans fall short of what is required -
On track for a 9% increase by 2030

Source: United Nations, httos.//vwww.un.org/en/climatechange/net-zero-coalition
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Key Trends Are Converging

Electrification
e Heat pumps
e EVs

e Microgrids

Data

e Proliferation of sensors
e Edge Computing

e Artificial Intelligence

NS 024

APRIL 15 -17 | ANAHEIM, CA

TRIDIUM

on our Industry

The Built
Environment

Regulations

e ESG, SEC regulations

¢ Incentives are increasing

* Penalties are/will be coming
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Sensor/data Explosion Will Kill
the Cloud as We Know it

e Sensor will proliferate and produce huge amounts of data

e Existing infrastructure won’t be able to handle data volume or rates

 Too much information to push to the cloud

* Latency issues arise

* Peer-to-peer networks will be utilized to lessen the load on core
networks and share data
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Harbor Research Predicts Edge
Computing 1s Essential

By 2030, estimates today suggest 90% of all data generated by sensors
begins to lose its value within seconds of being generated
* 65% of all computing and data interactions will occur at the edge of the

enterprise via distributed systems by 2028
e 70% of the world will have network access and as much as the sensor

market could be in the trillions by 2028
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Advanced Supervisory Controls
aka Automated System Optimization
(ASO), Extra-Supervisory

Historically, o | Today,
analytics and 1= analytics and
control control
optimization optimization
have been are integrated,
siloed across enhancing the
different BAS
products

Automated Push of Corrections and Improvements
Control faults are resolved and new sequences are deployed in hours
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A common language is
necessary
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i Project

Haystack — Bringing Quality and Consistency to
Smart Buildings

Project Haystack Leading DoE’s Funded Project 2021-2025
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Project Haystack's
Objectives

« (reate a validation framework for Haystack semantic
models

« Establish a public repository for the “Specs”

- Deploy a certification/accreditation system for semantic
interoperability

« Provided associated open-source tools
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Validation and Certification
Brings Substantial Benefits

 Building owners and others will have confidence knowing how their
building is tagged and what requirements are met

- Demarcating the tagging process will create tagging specialist that will be
expert at modeling buildings without having to know all aspects of the entire

system.

 Validation methodology will dramatically increase the clarity and quality of
implementations

« Associated tools sets will increase speed and lower costs of
implementations
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Preparing for the Explosive
Growth and Use of Data

e Start collecting data
* Build the proper data infrastructure
- Scalable
- Secure
- Interoperable
- Distributed analytics
- Data ownership and access
* Obtain the proper skills and resources
* Plan for and execute a data-driven approach to decarbonization
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Existing Automation Systems

Typical Building Controllers
o Siemens MBC and PXCM
o Johnson NAE
o Distech EC
o ABB Cylon
Building Graphics as of April 2024:
O Siemens Insight - 70%
o Johnson Metasys - 10%
O Tridium Niagara - 20%
o All new buildings go on Tridium Niagara
o Campus-wide migration from Insight and Metasys to Niagara is in progress but will take years.

e Central Plant is on WonderWare HMI with Allen Bradley PLCs, trended in SkySpark but maintained
separately from rest of building automation.
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Central Utility Generation & Distribution

ANNUAL ELECTRIC SOURCES (FY21-22)
123,000 MWh

Solar, 4.80%
Grid, 7%

e =30 ..
- = @l Combined Heata
ey ol ower Plant 4 #

T Pl %L g s
. =

Cogen,
88.20%

* Peak Elec Demand - 27 MW
* Peak CHW - 16,000 tons
* Peak HTW - 78 MMBTU/hr

NS 024

APRIL 15 -17 | ANAHEIM, CA




A X TRIDIUM
UCI's Decarbonization Journey

Build the bones - Smart Labs, Deep retrofits, and solid standards (2000-2012)

Maintain and optimize - metering and MBCx (2010-2015)

Unlock the data - network upgrades and Niagara BAS standards (2016-ongoing)
Harness the data - SkySpark analytics for Cx, Decarb planning, and recharge (2017-
ongoing)

Expand the data - accelerated transition to Niagara from ~20% to 100% (2023-ongoing)
Drive new processes - ongoing Cx workflow (2024-ongoing)

Plan for decarbonization - data-driven infrastructure upgrades (2023-ongoing)

Implement the plan - leverage the data and BAS to optimize and validate (future)
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Key standards every institution should invest Iin

MEP design and specifications Most people have
Building automation system (BAS)
Facilities IT data architecture

BAS graphics, alarming and scheduling
Data point naming and tagging

Sequences of operations

. Few people have
Data analytics

See https://www.nexuslabs.online/p/implementing-the-bas-architecture for a sample BAS specification you can download

See https://bitbucket.org/alturaassociates/altura-standard-libraries/src/master/ for Altura’s shared metadata tagging library
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Not all data are created equal

Our success with Smart
Buidings and analytics hinges
on having high-quality,
meaningful data

This requires new thinking Level IV Data
about the data architectureto
enable high quality data flows Level Il Data
across multi-vendor solutions

Level Il Data
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“Future-proof” data architecture standard is a critical first step

Cloud Applications (379 Party Emerging Services)
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BAS Graphics Work Order Asset
P Analytics Management Management
& Alarms
System System
Field-Level Controllers
HVAC Lighting Equipment Meters
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Data architecture lays the foundation for success: UCI's network

Campus

Graphics Server

ver =
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FOX TCP (secure)

Routing
BACnet Traffic
Management

Haystack (secure)
Niagara
Optimization
Virtual Machines

PECETEAE




Data naming & tagging standards TRiDIUM

B Exception Notes
CxOwvrd AHU Supply Temp

Cooling Demand Limit Level 1

ClgDmdLmitLvl2 S 5
ClgDmdLmtLvi3 dame asr

4
ClgReq AHU DAT
ClgReqDly 2.0 min
ClgReqLpHiStpt 0.95 AHUSu ppIVT
ClgReqlpLowStpt 0.85 AHUDischT
ClgReqZnTmpErrHiStptl  3.0°F absorption _
ClgReqZnTmpErrHiStpt2 5.0 °F compression).
HtgReq 0
HtgReqDly 2.0 min
HtgReqRhVIVHIDStpt 0.95 ahuRef Associate an entity such as a vav with an ahu,
HtgRegRhVIvLowStpt 0.85
HtgReqSupTmplowStptl  15.0°F
HtgReqSupTmplowStpt2  20.0 °F airCooled Indicates chiller which uses air to cool the hot refrigerant.
OccEffSts Unoccupied y
OcclocalSnsr TRUE apparent
OccRemoteSnsr Unoccupied
OccSts_1 Unoccupied area Floor area of a site measured in ft2 or m2,
OceSts_2 Unoccupied
StatReq 0
StatRegSupDmprHistpt 0.95 Paired with water to indicate control or measurement of the blowdown water expelled from a
Plowdown coolingTower or boiler to remove mineral build up.

Cooling Demand Limit Level 2

= b Tt d I

Proje(t R Haystack HOME ABOUT DOCS TAGS BLOG FORUM DOWNLOADS

B @ ~ ® th b R

Indicates a chiller which uses absorption driven by hot water (as opposed to vapor

ahu Air Handler Unit which heats and/or cools air.

air Point associated with the measurement or control of air.

Used with temp to define the perceived temperature which takes into account wind chill and heat
index.

barometric Defines the mean atmospheric pressure at sea level measured in millibar or inHg.

+ = Spec Definitions VAV Reheat Zone

boiler Boiler equip used to generate hot water or steam for heating.

bypass If used with valve indicates a by-pass in a piping system.

2 2 centrifugal Indicates chiller compressor which uses a continuous flow of fluid through an impeller.
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Standardized sequences of operations TRIDIUM

uding bemp exror for use

Benefits:

Consistent high-performance
optimization (i.e. ASHRAE GL36)

Makes operator training easier

Don’t need to re-invent the wheel
every project!

You can own the code:
Lower project costs
Easy to move across projects
Easier to update
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tandards work! 3 projects, 3 different BAS vendors tripium

Ucl University of Anteater Learning Pavillion ﬁ A @ 9
California, Irvine AHU'1

BUILDING AUTOMATION SYSTEM

U c University of Beckman Laser |
California, Irvine
AHU-2

BUILDING AUTOMATION SYSTEM

*For sysiem documentation refer to
Building Home Page*

Uc University of Middle Earth Expansion ﬂ' A @ ?
vy :
California, Irvine AHU'1

BUILDING AUTOMATION SYSTEM

AREA(S) SERVED

-First Floor 400-Seat

AL cctieHak “For system documentation refer to
Building Home Page*

SYSTEM EQUIPMENT ;ﬂ{;:;(;ﬂlﬂ?ﬁlggzﬂaﬁn refer to

- AHU-1 o = AREA({S) SERVED UnitEnable
: Dynamic Air -Administration
4 AREA(S) SERVED on

SYSTEM EQUIPMENT - First Floor Dining VAVs

-AHU2

Make: Energy Labs
Model: C79100-FC-L RetFanRunCmd
S/N: 1808-11135-3 SYSTEM EQUIPMENT

‘OSA Temperature: B14°F

‘OSA Humidity: 73.5%RH

‘SupAirStaticPressEffStpt: 1.70 infwc

Status 1 [ On | Status_2

SupAirTempEfiStpt: 58.0 °F

Status 3 [ On

RetFanVFDSpeedCmd MinOAFlowStpt: 22699 cfm

Active Sparks:

SkySpark Trends

i i View C issioning F;
Override RA Damper via inverse of EA RetAirDampCmd MixedAi ommissioning Page
Damper (100 - EAD) - Separate overide of

EAD and RAD not allowed

Min0 SADampCmd MinOAFlow

100.0 Suj tatic SupAir StaticPress

1.64 infwe.

SupFanRunCmd

On

Status_1

EconEnable Status
S — =
Econ0OSA_DampCmd

AWV IVLII0 B R

Status 3 | On | Status_4

0%
SupFanVFDSpeedCmd
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Why do we need data analytics for Smart Buildings?

Occupancy Fume Hood Flow Reheat Control
owomas |
Supply Temperature
o

More than 10,000 data points to be collected in
5—15 minute intervals, generating as much as
3M data points per day —and 1B data points per year!

150 Data Points in each zone!
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Why do we need data analytics for Smart Buildings?

Voting-based Reset Parameters

Variabl

| Device
_
SPa .
Increasing amount of data from
building systems and components

| 1| Number of Ignored Requests |
Number of Requests from
5 e eeston
:
Greater need for use of analyt|c§
in sign to SPrim) platforms to ensure proper operations

SPres-max Maximum response per time

interval (must be same sign as SPres) both during initial commissioning an in

on-going operations
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Analytics can support multiple use cases TRIDIUM

Awell modeled analytics database can be the foundation of a
robust Energy Management Information System (EMIS)

Use Cases:

Flight data recorder for all bldg. devices - = Eien
get all data in one place

Fault detection & diagnostics tool
Commissioning testing and validation
Automated functional testing

Energy project and issues tracking
Measurement & Verification reporting
Automated Work Order generation
Predictive maintenance

Asset data collection and management
Utility billing and recharge management

Start small and build — it does not take artificial intelligence to identify and resolve most performance issues!
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Analytics-driven commissioning TRIDIUM

Data-driven commissioning 7 months out from functional testing

1-dan-17.15-Jen-18 | = ) view [ chart | |_owtions | mau]

Annualized kWh|Savings kWh| Savings %
Baseline . 494,862 0
After Zone Upgrades . 471,996 22,866 4.6%
After New AHUs and TAB . 409,076 85,786 17.3%
Final after Optimization i 285,557 209,305 42.3%

mmr
{\H L ie || '?‘ [n“ lul.l

| |
EN 'i Ilrll' "ll 1||f T“ |'|.|| I.'I \,[ ||

]| 1\1 ||J| .'__Li. f .<'
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Analytics-driven commissioning

Heat/cool call inducing
load and airflow

No deadband / high heating
setpoints

Implemented changes resulted i W .,]Ij-'-,::r;. WO f Mt N Y
in ~20% HHW / CHW savings |

NS 024

APRIL 15 -17 | ANAHEIM, CA



TRIDIUM

Analytics-driven O&M

A laboratory building with
~400 zones showed anomalies on Wcmeoh Hel S 230558 77 MM - Reheat Valve stk Open burng Occuped Hours | 145424 [ I N I H

7 sparks

50% of zones using FDD rules ccaugh Hallsnv-220 = st vam sk crmsowmpocopesrnn 12| [ ] [ AN | [}

7 sparks

. o o ;_-1fela:-uh Hall SAV-2219 - Valve Stuck Open During Ocoupied Hours | 64.67he ” .| - = B .
Further investigation found that _

McGaugh Hall SAV-2224 ** MH - Reheat Valve Stuck Open During Occupied Hours 45min

~3-year-old valves were corroded | _
a n d | e a ki n g S eve re |y b e Ca u S e Of McGaugh Hall SAV-2228 ** MH - Reheat Valve Stuck Open During Occupied Hours ~ 44.08hr " .| I. - l. - .

a building water treatment issue o T T P
augh Ha M teheat Valve Stuck Open During Occupied Hours 56.42hr - - - - . . III .

7 sparks

. . I:h.:G.auqh Hall SAV-2234 == MH - Reheat Valve Stuck Open During Occupied Hours | 132.42hr —
Project resulted in more than I . I B

30% HHW and CHW energy savings | - smsm s comommoswaree: o] [ TN R

NS 024

APRIL 15 -17 | ANAHEIM, CA



TRIDIUM

Analytics-driven O&M

ATELA LT UL RTINS
Occupancy sensors are too

sensitive, triggering occupancy O 1[I OHLYTIRTN OO T (N O YL P D LY

after hours and inducing _— ) N T 1
o 5 . 1A i 11 L = l_ i . i 1 ‘..I il { L.E,'. | 17

unnecessary heating and cooling Ul WL WA U PP AL ALK UL AT AU AR

1[0 T i 1 1 v | et 101 .

Occ sensors sent to lower
sensitivity with longer timeout

1<.‘_)-:_-._ sensor parameters changed

= heating loag AL L O LMY 111 11 -
reduced by more than 30%
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Other UCI Use Cases of Data Analytics

Utility recharge (250+ meters and 90+ accounts)
Research support (Bren Hall and APEP)

EV Charger monitoring and control

Battery energy storage system monitoring
Decarbonization planning and analysis

- Electricity generation and import and associated emissions reporting
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Analytics-driven Measurement & Verification (M&V)

Engineering Hall Jan-2020 Feb-2020 Mar-2020 Apr-2020 May-2020 Jun-2020 Jul-2020 Aug-2020 Sep-2020 : Hoy-2020 Dec-2020 Total {1Jan20 - 31D¢ " 2
Pre-Project 18, refh  21.233tonrefn  23,167tonrefh 52,783tonrefn  59,818tonrefn  66,844tonrefn Batonsefn 73,62 1tonrefn Gtonwefh  28,003tonrefh  21.110tonrefn  544.988tonrefn Englneerlng Ha"
Actua 1 wefh 13336tonrefh  11,815tonretn 1 nrefh  33,382tonrefh  38250tonrefn  S4.804tonrefh  79,667tonreth  67.412tonrefn tonre 234tonrefh 424,78 1tonrefn : .
o S £ e i s % Chilled Water M&V Analysis %

Actual Savings: L 7.89Tonrefh 1 refh 57 3tar 19,40 tonrefh S68tonrefh  12,03%tonrefh  102tonrelh 205 tonreth 664 refi L 87610 0,207 tonredh
Commissionad 1 nrefh 16,665t 0nrafh 1tonrefh 41,234tonrafh 6, & 971tonrefh  59.813tonfefh 5543 3Nonrefh R y 7 wefh  419.899tonreth Range: 1.Jan20 - 310ec20
Commissioned Savings 4.33Tlonrefh  4.58%onsefh 3 refh 11451tonref 13, 794tonrefh 19.952tonrefn  18,17%tanrefh  15608tonrelh B, reft 125116tonrefh
Parcentage Decrease 31.35% 37.19% 3 5.35% 36.76% 36.06% % C 8.434% 16.16% 5 5 26.45%

Performance Summary

Actual Energy Use: 424 78 1tonrefh

Pre-Project Model Energy Use: 544,9858tanrefh
Commissioned Model Energy Use: 419 835tonref

Actual Savings: 120,207tonrefh (26.45%)

Commissioned (Predicted) Savings: 125,116tonrefh (22.96%)

Chilled Water End-Use Analysis Input Descriptions
@ Pre-Project @ Actual @ Commissioned Pre-Project: The predicted energy cons tion for the project equipment scope’, if the
project had never been implemented

Actual: The actual energy consumption for the ‘project equi

Commissioned: The predicted energy consumption for the ‘project equipment scope’
based on actual performance AFTER the project has been commigsioned

oy Commissioned Savings: The difference between the ‘pre-project’ performance and the
‘commissioned’ performance
Actual Savings: The difference between the ‘pre-pi t" performance and the "actual’
performance
Data Quality Notes
| Data gaps can occur in actual interval meter data and prediction models during the

lifecycle of a energy project or building system. Wh ese gaps are small, th

in through estimation. If the data gaps are excessive for a given month, the repor

omit the month entirely. The minimum threshold for data is that: at least 70% of the days
out of the month must have usable data. All data quality issues and interventions are
listed below.

The following months had some data gaps but met the minimum data viability threshold
). Estimation techniques were used 1o fill the remaining day

Pre-Project: Nov 2020 (97%

Commissioned: Nov 2020 (97%
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Three Decades of Energy Efficiency =

rrn lie o,
Prioritized "deep efficiency" 50 /0

Inaugural partner
President Obama's
Better Buildings Challenge

Adopted goal:
LEED Gold

w
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~ Won President's Better

American College & Buildings Challenge
University Presidents'

Climate Commitment

Thermal Adopted goal:
energy storage LEED Platinum

\ Adopted goal: U.S.EPA
Beat Title 24 by 30% Climate Leadership Award
in new construction

e\ ould have been consumed without measures indicated tually consumed (FY2023 projected)
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Lessons Learned

Data architecture is key to successfully unlocking and managing data at scale

Transition to open, multi vendor Niagara BAS challenges:

Extremely detailed standards and specs
Qualified providers (RFQ)

Oversight (Master Systems Administrator)
Continuous network management and tuning
BAS shop change management

New workflows needed to harness the full power of the data

(OCx, PM, reactive, etc.)
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More data = more fun and more impact! TRIDIUM

500 cfm

Manage risk and deliver

|| 1 - ., @ Med 5ci D exhaust damper position cmd @ Med Sci D hhw valve position cmd @ Med Sci D supply damper position cmd @ Med Sci D zone temp htg loop output
= high perform
| = HE B EEN igh performance,
’ | * | | | s = : - e e | ~I~ tS t B -ld-
1 @ Med 5c D supply air flow clg min sp @ Med Sci D supply air flow eff sp @ Med Sci D supply air flow htg max sp @ Med Sdi D supply air flow htg min sp
- i
¥ []

W Smasces . Skfpark
uuuuuu

Deliver and maintain —
real energy savings . ’

Tarpets

I -
ARRRIRNIR N

Be able to answer — : e
the hard questions e
and fix things e—
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Thank You!

Joe,Jim,and Roger
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