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+ Where can you go with a modern BAS
system
+ Full Building Commissioning
+ Proactive O&M
+ Increased Occupant Comfort & IAQ
+ Deeper Energy Savings
+ Inform Capital Upgrades

+ Case Studies:

+ Conroe Independent School District
+ Harper College
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Advance BAS Operations Timeline

SCHEMATIC | DESIGN CONSTRUCTION | CONSTRUCTION
DESIGN DEVELOPMENT | DOCUMENTS
Develop System Detail Controls Hire Master Systems Integrate Analytics | Analytics-based Ongoing
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systems
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Connected Commissioning
What is it?

REVOLUTIONIZE COMMISSIONING
Real-time data and continuous analytics
enhances the commissioning process

SAVE TIME+LESS ROOM FOR ERROR
Projects managed with a digital Cx process
save time spent travelling/on site and
minimize human error

BENEFITS TO THE CLIENT
Energy savings

Occupant comfort

Facilities managers save time
Extend equipment life

Potential construction savings
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Connected Commissioning

Data Network Integration

ESTABLISH DATA PROTOCOLS

O _ O Establish an enhanced data set for
1, s, o, S post-occupancy evaluation of our

projects

TAP INTO DATA ANALYTICS MACHINE
5, & Have sequence of operations,

“on schedules and setpoints based on
patterns and anomalies

CONDUCT AUTOMATED TESTING
Streamlined framework to leverage
s data analytics for continuous
commissioning services

CLIENT BUILDING END RESULTS
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Building Automation Systems

Controlling our Buildings

Midwest Facilities Masters Conference 2022

DDC BMS reacts to
programmed thresholds
and alarms

Traditional DDC EMS is
inherently reactionary

Proactive vs Reactive O&M



Fault Detection & Diagnostics

IECC 2015 - Economizers

INTERNATIONAL
Energy Conservation
Code’

A Member of the International
Code Family*®

INTERNATIONAL
CODE COUNCIL

C403.2.4.7 Economizer Fault detection and diagnos-
tics (FDD). Air-cooled unitary direct-expansion units
listed in Tables C403.2.3(1) through C403.2.3(3) and
variable refrigerant flow (VEF) units that are equipped
with an economizer in accordance with Scction C403.3
shall include a fault detection and diagnostics (FDD)
system complying with the following:
1. The following temperature sensors shall be per-
manently installed w monitor system operation:
[.1. Outside air.
1.2, Supply air,
1.3, Return air,
2. Temperature sensors shall have an accuracy of
£2°F (1.1°C) over the range of 40°F 1o 80°F (4°C
to 26.7°C).

3. Refrigerant pressure sensors, where used, shall
have an accuracy of 3 percent of full scale.

4. The unit controller shall be capable of providing
svstem status by indicating the following:

4.1. Free cooling available.

4.2. Economizer enabled.

4.3, Compressor enabled.

4.4, Heating enabled,

4.5, Mixed air low limit cycle active.

4.6. The current value of cach sensor.
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5. The unit controller shall be capable of manually

initiating each operating mode so that the opera-
ton of compressors, economizers, fans and the
heating system can be independently tested and
verilied.

. The unit shall be capable of reporting faulls o a

Fault management apphication accessible by day-
to-day operating or service personnel, or annun-
ciated locally on zone thermostats.

. The FDD sysiem shall be capable of detecting the

following Faults:
7.1, Adir temperature sensor failure/fault.

7.2. Mot economizing when the wnit should
be economizing,

7.3. Economizing when the unit should not
be economizing.

7.4, Damper not modulating.

7.5, Excess outdoor air.



Data

Visualization of ECMs
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What are we looking for?

Top 10 Measures

Schedule AHU for Space 22,040,000
Duct Static Pressure Reduce/Reset 14,140,000
Economizer and Outdoor Air Control 12,850,000
Supply air temperature reset 6,030,000
Optimum Start for AHU 4,250,000
Reduce simultaneous heating and cooling 3,380,000
Reduce SA and Ventilation Air 3,220,000
Condenser water temperature reset 3,200,000
Setback Space Temperature 2,710,000
Reduce Ventilation 2,570,000
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BAS Data Analytics

What kind of DATA are we analyzing?

+ Utility meter data

+ Operational data

+ Weather data

+ Facility data

+ Portable Data Loggers
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Finding Operational Issues
Analytics to Overlay Data

& Gordon Reed Elementary &8 Gordon Reed Elementary £ Gordon Reed Elementary I Tobias Nettie SkySpark
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ECM Maintenance

This section is a review of the Energy Conservation Measures (ECMs) that were implemented as part of the ComEd
Monitoring-based commissioning (MBCx) project. The ‘ECM Effectiveness’ score indicates that systems continue to
maintain the energy savings and enhanced operations that were implemented during the MBCx project.

ECM's Implemented = ECM Cumulative Savings

YTD Gas
832 4

[ -
5 3 3 4,7 8 9 kWh ““r}‘\ Savings Erl—idown

-

8,321 therms

Carbon Savings

281 Equivalant to:
Tons & 61 cars

34M
Electric Annual Savings cell
phones

11423

ECM 01 - Multiple Chilled Water Pumps On
The baseline operation had multiple pumps running to
ECM Effectiveness  Maintain a high pressure setpoint. This ECM should be

ST implemented in order to maintain a lower DP setpoint,
%

and only run one pump at a time.
ECM 02 - Multiple Hot Water Pumps On

Elec Savings 71,179 kWh

Gas Savings 0 therms

Elec Savings 58,998 kWh ECM Effectiveness

-

ECM 03 - Pump - Loop Differential Pressure Out of Range

No maintenance required at this time.

Gas Savings 0 therms

ECM Effectiveness

I—t Awo

Elec Savings 41,5714 kWh No maintenance required at this time.

Gas Savings 0 therms

ECM 04 - CWS On Below 34

Elec Savings 3,228 kWh ECM Effectiveness

ECM 05 - FPB - Fan on While Unoccupied

No maintenance required at this time.

Gas Savings 0 therms

Elec Savings 126,798 kWh ECM Effectiveness

21 FPBs were running during unoccupied hours.
Recommendation is to review scheduled occupancy
settings for each affected zone. Details are included in
the Fan Power Report included in the appendix.

Gas Savings 7,385 therms
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Custom Insights + Continuous Analytics

Continuous Analytics is a review of all system anomalies identified during that last quarter.

Insight 01 - Lighting on during unoccupied hours

A large number of zones having lighting that is on
during unoccupied times, both weekend and after
hours during the business week.

Category  Scheduling

Impact 100%

Effort 15% +  Security and Lobby areas are operating as expected
: A and not included in these zones.
Insight Score B5% +  Scheduling should verified through a BAS point-to-point
check out.

Insight 02 - Terminal units on during unoccupied hours

Category Scheduling +  There are 43 FPBs running during unoccupied times,
whereas last quarter we only experience 20 FPBs
Impact  100% with this consideration. This quarter experienced an
o increase with a large portion being those units that are
Insight gffort ;gé" located on the 2nd floor.

e g +  The percentage of total boxes with intermittent or
continuous issues accounts for 14% of the operating
hours.

+  Some boxes are running 24/7, however we are also
seeing 13 FPBs running only during unoccupied hours.

+  Scheduling should verified through a BAS point-to-point
check out.

Insight 03 - Zone temps high/low

Category Temperature 21 FPB zones show after hours heating operations and
Control the zones are climbing above 78°F. This particular alert
is supposed to be indicative of issues during cooling
Impact 100% season, however, to see this alert when qutsidg _
Effort 15% temperatures were as low as Fhey were in conjunction
- & to comparing to BAS data indicates that the heaters are
Insight Score 85% not shutting off after achieving the unoccupied heating
setpoint.

Review of sequence and BAS controls could be

. warranted for those particular zones
Look into the future:

»  The first two weeks of April are part of the next quarter, however we are seeing several Chilled Water Pumps run-

ning at the same time.
It is recommended that the chiller plant sequence be reviewed at this time so the issue stays minimal.

SYSTEMS PERFORMANCE QUARTERLY REPORT | Q12022

3



Air Quality

Indoor Air Quality Monitoring and Control

sonrai |AQ

ZONE - TVOC ALARM
FLOOR 11-LOBBY

ZONE - TVOC HIGH
FLOOR 11 - LOBBY

TVOC was between 500pg/m?® and 1000pg/m?® for a total of TVOC was above 1000pg/m?® for a total of 1 hours. This

occured over 1 days.

Inte gent Air Quality

DATA ! PRIORITY: HIGH
= SETTINGS 1.4 hours. This occured over 1 days.
= LOGOUT Wed Jun 9

PM 2.5

TVOC
1400

1200

1000

800

600

400

200 MWW

Last 2 weeks: June 9 - 22, 2021
ZONE - TVOC UNOCCUPIED OFF GASSING
FLOOR 11 - LOBBY
PRIORITY: MEDIUM
TVOC levels were 15% higher during unoccupied hours for a

total of 33 hours. This occured over 3 days.

Fri Jun 18 Sat Jun 19 Sun Jun 20 Mon Jun 21 Tue Jun 22

Insight trigger Il High-Performance Acceptable [l Unhealthy

0
12:00am 1:00am  2:00am 3:00am 4:00am 500am &00am 7:00am 8&00am 9:00am 10:00am 711:00am 12:00pm 1:00pm 2Z00pm 3:00pm 4:00pm 500pm 6:00pm  7:00pm 8:00pm 900pm 10:00pm 711:00pm 12:0(

coz
800
750

700
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Insight trigger [l High-Performance Acceptable



Air Quality

Indoor Air Quality Monitoring and Control

Waffle Mentorship breakfast

Il Tha Nov 11, 8:00am

Art Show - People (aft

er hours)
i - |

Thu Nov 4, 7:00pm

TVOC: 6083 57pg/m*

Midwest Facilities Masters Conference 2022



Data Transparency

PROVIDING
TRUST AND
TRANSPARENCY
IN BUILING
PERFORMANCE




Visitor Kiosk

Whole Building Air Quality

38 /6 5!
INDOOR OUTDOOR BUILDING
AIR QUALITY AIR QUALITY CERTIFICATIONS
® e
INDOOR AIR QUALITY
Al r Q U a I |ty 150 Particulate Matter (PM 2.5)
$
Healthy =
Carbon Dioxide (C02)
: 3 8 710 pom
55 0 T 800 1000 1300
Air Qual ﬂy Total Volatile Organic Compounds (TVOC)
Index 290 Ha/ry
° 300 0 . 400 500 1000

Powered by

sonrai |A
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Mobile App

Whole Building and/or Space-by-Space Air Quality

What is AQI?

S nra_i IAQ

Why do | care?

< December 21 - 25, 2020 References

40

" I I I I
Mon Tues Wea Thar Fri

=25

AQl
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Energy Monitoring

Benchmarking Energy Use

— " —
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Monthly Energy Usage History
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ci Q- X N 4 ) \C’
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1 | Utility account data for: Electric #21151201007 January February March April May June July August
2 EndDate  Start Date Total Charge
3 | 11/22/11 10/25/11 334 57.89
4 10/24/11 9/23/11 263 46.95
5 | 9/22/11 8/24/11 322 56.05
6  8/23/11 7/23/11 7 63.6 Midwest Facilities Masters Conference 2022
7 7/22/11 6/23/11 465 78.65
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Energy Information Systems
Big Picture Insights into Energy Use

30 $20,371 254,636 32°

$679 Wednesday 6-9 AM

Days in Cycle Amount Spent Total kWh Usage Average Temperature

Average Daily Spend Most Expensive Day of Week Most Expensive Time Period

1400

Off-Hour Comparison voreniil
Is Your Energy Working Overtime? T
1200

« Your energy use decreases by only 32% during off-hours compared to your working hours.

« This smaller decrease is costing you MORE than the average business in office.
1000 80

« Bring your energy use in line with businesses like yours and save up to $10,007 per year!

View Solutions

Be0 oo Hot Weather Comparison More Detalls
$13,488 Is Your Energy BIll Sizzllng? T
$11,910
400 20 « 6% of your energy use was due to hot weather.
« This is more than the average business in office.

» Bring your energy use in line with businesses like yours and save up to $1,578 per year!
200

Usage (lWh)
aunjedadwa )

View Solutions

-20
Jan 28 Jan 30 Feb 1 Feb 3 Feb 5 Feb 7 Feb 3 Feb11 Feb13 Feb15 Feb17 Feb1% Feb21 Feb23 Feb2s

Date

Jan 27, 2016 - Feb 25, 2016
— Temperature
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Whole Building KPlIs

Whole Building Energy Usage

Energy Indoor Air Quality Index YTD

$22,945 35% V¥
- a otal Cost \)/3\23 compared to Q4 9 5 O/O

Repo 286,881 kWh 15% w

i

Consumption Value compared to Q4 AQl was in HP range for
2020 95% of occupied hours

Whole Building Energy Usage

Last Year

Energy
Use
: 1T I I in
May

Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec

Energy Breakdown
Let’s see the energy data.

& I o @ past $1,200 240 w 3,400 A8 s
BEMAND DEMAND COMPARISON ARBON RBON COMPARISON
- f 12020 EPT EPT 2020
b ' 2 +15 A 92 0 v
: May ur ug ep o
4 e
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Key Points

Summary

« Aggregate the Data

 Visualize the Data
* Gain Insights from the Data
« Take Action based on the Data

« (Continuous optimization of
energy, IAQ, and comfort

A
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Analytics-based
Warranty Review

D

SOFT LANDINGS PHASE

Ongoing
Performance
Monitoring

Post
occupancy
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Connected Commissioning
at Conroe ISD

CONROE

INDEPENDENT
SCHOOL DISTRICT
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Harper Community College
Case Study

Harper College
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¢ \ _ Utility Bills
' Il:: il g’“&w\Meter/sub—meter ol
\ ) : f fl :: g |I '&zﬁt'&WIding Automation System
% N | b
=,, i '! =7 g l!,’ll[lﬁt: | ME Control System |
e . N |
= : { ) g!ilitth:: Air Quality Mom —
v < L e A -
‘|?ﬂ"\"'; : ;h}: ‘ ill!’&'v:l “:*“-u_occiup‘anCY\ = - ——— \%A — ' ‘:‘_,_1_‘ : p. =t
c B - Midwest Facilities Masters Conference 2022 -~ ==

( , Outcomes

|
Smart Building Analytics
yﬂ\ Reporting & Performance Optimization
1 011

Investment Grade Data Sustainability Certifications ESG Reporting

for Carbon Accounting \

| : ' o O e
sonrai IAQ | \\ ‘ @ @
sonrai ENERG
Performance

Occupant Engagement Connected Commissioning

ENERGY MANAGEMENT COMMISSIONING
Utility Bill Analytics Basic IECC Cx
Submetered Data Full Scope Cx
BAS FDD Connected Cx

Building Data
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