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Monitoring Based Commissioning

Use of real-time data analytics, algorithms, diagnostics, and fault detection, to ensure the
facility is operating properly and to continually improve operation 24x7

MBCx

Monitoring based commissioning (MBCx) combines building energy
system monitoring with standard retro-commissioning (RCx) practices.
MBCx is a measurement-based paradigm that affords improved risk-
management by identifying problems and opportunities that are missed with
periodic commissioning or basic functional testing that does not
incorporate energy measurement.

ASHRAE Study
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Monitoring based commissioning (MBCx) combines building energy
system monitoring with standard retro-commissioning (RCx) practices.
MBCx is a measurement-based paradigm that affords improved risk-
management by identifying problems and opportunities that are missed with
periodic commissioning or basic functional testing that does not
incorporate energy measurement.

Department of Energy Study

ASHRAE Study

Energy Use

* Study by Ernest Orlando Lawrence Berkley Mational Laboratory (2012)

ASHRAE Journal - April 2011, p 22 e e

* Median Source Energy Savings = 11%

How do you get the data?




ASHRAE Study

Observed Savings
Installation of Meters 0% to 2% The Hawthorne Effect
Bill Allocation Only 2.5% to 5% Improved Occupant Awareness
5% to 15% Improved Awareness, Identification of Simple Opera-

tions and Maintenance Improvements and Managing Demand
Loads Per Electric Rate Schedules

Building Tune-Up
And Load Management

15% to 45% Improved Awareness, Ongoing Identification of
Simple Operations and Maintenance Improvements and Con-
tinuing Management Attention

Ongoing
Commissioning

Table 1: Expected energy savings from utility metering.

ASHRAE Journal - April 2011, p 22
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» Study by Ernest Orlando Lawrence Berkley National Laboratory (2012)
« MBCx Benchmarking Analysis of 24 University Buildings in California
 Median Simple Payback = 2.5 Years

* Median Source Energy Savings = 11%
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How do you get the data?

Utility Level

Sub Meters and Data Loggers

System Level Data Analytics

Direct Backbone Connection
with Off Site Server

loT Enabled Devices and Application Specific
Equipment




Utility Level

Monthly Energy Data Interval Data
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Monthly Energy Data

Monthly Water Use & Avg Temp Monthly Energy Use Normalized Energy Use
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Interval Data

Average Weekday Demand: Mar 9 - Apr 6, 20016
Average Weekend Demand: Mar 9 - Apr B, 2016
Average Weekday Demand: Mar 10 - Apr 7, 2015
Average Weekend Demand- Mar 10 - Apr 7, 2015

On—Peak Hours: Mon — Fri, 9AM - 6FM

On—Peak Demand
B OfF-Peak Demand




Sub Meters and Data Loggers




loT Enabled Devices and
Equipment










Application Specific




System Level Data Analytics

Typical Architecture

BAS Work Station

_

Primary
Bus

Programmable (i
Logic Controller

Secondary

s

Boiler ]
Central Plant Controller Package Unit
Controller Controller

Box Box Box




System Level Data Analytics
Front End Data Push

BAS Work Station

_ Off Site Server
Primary

Bus

Secondary

Boiler .
Central Plant Controller Package Unit
Controller Controller




System Level Data Analytics

Direct Backbone Connection
with On Site Server




System Level Data Analytics

Direct Backbone Connection
with Off Site Server

BAS Work Station

rimar




How do you access the data?

- Web-Based
- VPN, Remote Desk-Top Connection, Team Viewer
- Mobile App

L =¥ Other Considerations




Other Considerations

- Security
- Liability
- Do you want the analytics platform to make changes’i’
- Dashboards =
- Mobile Apps -
* FM/ CMMS (= ittt




Monitoring Based Commissioning

Use of real-time data analytics, algorithms, diagnostics, and fault detection, to ensure the
facility is operating properly and to continually improve operation 24x7

MBCx

Monitoring based commissioning (MBCx) combines building energy
system monitoring with standard retro-commissioning (RCx) practices.
MBCx is a measurement-based paradigm that affords improved risk-
management by identifying problems and opportunities that are missed with
periodic commissioning or basic functional testing that does not
incorporate energy measurement.

ASHRAE Study
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5 Types of Analytics

- Fault Detection/Diagnostics — Is it operating as intended?

- Performance Analysis and Scoring — How well is it operating?
- Operational Tuning — How can | make it operate better?

- Predictive Maintenance — Can we identify any issues early?

- Failure Forensics — What happened?




VAV / FPB Scorecard

SCorecard- FPH ULZLU £0ne 1emps-scarecard ™ X
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Fault Detection / Diagnostics

Scorecard =B & De - 'y

Device Score Rank Grade
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Next Device
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Select Device
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Data Analysis

Summary <4 hwsiadd croup by that colur
Davice Records
RTU-1 APLC 756 i = 1-Duct Static  1-Duct Static  1-Return Air  1-Return A 1-Supply Ar  1-Supply Air  1-Supply Alr . -
Date Time Stamp Pressure Pressure SP Temp Temp Low SP  Temp Temp SP Temp (Scors) 1O ><ore)
RTL-2 APLC 256
RTU-3 APLC 256
RTU-4 APLC 256 I
Device Count: 4; Yalue Count: 11,264
(/] 1-Duct StaticPresswe  1-Duct Static Pressue SP (V] 1-Retum Ar Temp [] 1-Supply Ar Temp [V] 1-Supply A Temp SP Ly
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1/5/2015 9:03PM  1/6/2015 12:12PM 1/7/2015 3:31 AM  1/7/2015 6:49PM  1/8/2015 10:07 AM  1/9/2015 1:25 AM  1/9/2015 4:44 PM  1/10/2015 8:02 AM 1/11/2015 12:12 AM  1/11/20154:23 PM  1/12/2015 8:34 AM
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Critical Zone Analysis

Critical Zone X +
Summary s
Device Record v
198 Date Time Stamp
W 1/14/20155
: e, " 1/14/2015 5:16:00 PM
F”‘E ) “r“ —— 1/14/2015 5:31:00 PM
STONG 1/14/2015 5:46:00 PM
,
VAV 3-1 e 13 1/15/2015 11:30:00 AM
VAV 41 | 1/15/2015 12:00:00 PM

1/15/2015 12:15:00 PM

1/15/2015 12:30:00 PM 00| 1742.53674 |
1/15/2015 12:45:00 PM 1776.047 |

Device Count: 11; Yalue Count: 23,253

« I .
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1/6/2015 2:26 PM  1/7/2015 1:25PM  1/8/2015 1:02PM 1/9/2015 12:39PM 1f10/2015 1:07 PM 1/11/2015 1:35PM 1/12{2015 2:02PM 1/13/2015 2:30PM 1/14/2015 2:58PM  1/15/2015 3:25 PM



Score

Chiller Performance and
Predictive Maintenance
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Chiller Trend and Efficiency Analysis

iwTon Entering CDW Temp  [/] kW per Ton Target

dway mad

c
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10/31/2015 4:02 AM  10/31/2015 :30PM  11/1/201S 2:58PM  11/2Z/201S8:26 AM  11/3/2015 1:54 AM 1132015 7:23PM  11/4/2015 12:51PM  11/5/201S6:19 AM  11/S/2015 11:47PM  11)6/2015 5:15

Comments: Higher than target kW/ton due to large fluctuations in entering condenser water

temperature.




Logs and Scheduled Auto Reports to Engineers

H I J K | M N Qa F
Entering COW Leaving COW Condenser Condenser Sat Evaporator Evaporator Sat Discharge Phase £

DateTimeStamp kWTon Temp Temp Pressure Temp Pressure Temp Temp Oil Pressure  Oil Temp Motor Current Motor C
10/27/15 12:27 PM . 74.0 15.5 82.7 " 41.7 116.6 325 136.4 45.0
10/27/1512:32 PM . 74.0 14.2 74.5 : 41.7 116.6 31.3 136.4 45.0
10/27/15 12:37 PM . 74.0 14.2 74.9 v 41.7 116.6 31.3 136.4 45.0
10/27/1512:42 PM : 80.7 16.4 74.9 . 42.9 120.1 31.3 136.1 51.0
10/27/15 12:47 PM L . 80.7 16.4 724 . 42.9 L 30.5 136.1 51.0
10/27/15 12:52 PM . 76.7 14.7 72.4 : 41.7 : 30.5 136.1 49.0
10/27/15 12:57 PM . v 76.7 14.7 724 . 41.7 . 30.5 136.0 49.0
10/27/15 01:02 PM 76.7 14.7 76.6 . 41.7 . 32.1 136.0 45.0
10/27/15 01:07 PM 72.4 14.1 76.6 ; 41.7 % 32.1 135.7 49.0
10/27/1501:12 PM 724 14.1 76.6 ; 417 . 32.1 135.7 4.0
10/27/15 01:17 PM 724 15.7 76.6 . 41.7 3. 31.5 135.7 49.0
10/27/15 01:22 PM 72.0 15.7 713 : 42.3 & 315 135.9 50.0
10/27/15 01:27 PM 72.0 15.7 77.3 : 423 " 315 135.5 50.0
10/27/15 01:32 PM 72.0 16.1 77.3 : 42.3 ‘ 32.1 135.9 50.0
10/27/15 01:37 PM ¥ 72.0 16.1 77.3 . 41.7 6 32.1 136.0 50.0
10/27/15 01:42 PM 74.5 16.1 77.3 : 41.7 6 32.1 136.0 50.0
10/27/15 01:47 PM 74.5 16.1 77.3 ; 41.7 ' 32.1 136.0 50.0
10/27/15 01:52 PM L 78.8 16.0 79.3 : 41.7 ’ 32.1 136.0 50.0
10/27/1501:57 PM 64 78.8 16.0 79.3 ; 41.7 ; 31.2 136.0 50.0
10/27/15 02:02 PM 78.8 16.0 79.3 : 41.7 . 31.2 136.0 4.0
10/27/15 02:07 PM 74.7 15.1 77.9 : 42.3 . 31.2 135.6 49.0
10/27/15 02:12 PM L 74.7 15.1 779 ' 42.3 . 32.3 135.6 4.0
10/27/15 02:17 PM .64 74.7 14.1 77.9 . 42.3 . 32.3 135.6 45.0
10/27/15 02:22 PM 72.0 14.1 72.8 . 41.1 4 31.3 135.6 45.0
10/27/15 02:27 PM 72.0 14.1 72.8 . 41.1 . 31.3 135.6 50.0
10/27/15 02:32 PM 72.0 14.1 72.8 ; 41.1 L 32.1 135.6 50.0
10/27/15 02:37 PM . 74.8 14.2 72.8 . 41.7 . 32,1 135.6 50.0

17 10/27/15 02:42 PM 74.8 14.2 72.8 : 41.7 " 32.1 135.7 45.0

332 MIN= : 72.0 14.1 72.4 2 | 41.1 . 30.5 | 135.3 48.0 |
333|MAX= | 83.7 17.5 84.3 6 | 435 . 33.2 136.9 51.0 |
334 AVG= | | 77.4 15.7 18.2 4 | 42.2 . 31.9 136.1 295 |




Event Notifications - AHU Enabled when scheduled off

E PDF PDF

0 We removed extra line breaks from this

Message [ 23rd Floor SF Fan Enable 020716 112358.xlsx (4 MB)

See the attached report
Event Notification: 23rd Floor SF Fan Enable

Site: ety ni : -
A At T CPN T Sk O e 0 e iy ® g

Device: MP581-23-15152

State: Active 1o A

Expression: [S1 Fan Enable] <1 SN ... i

S1Fan Enable: 0 i | ‘
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Demand Reduction and Load Shedding

Morning Demand Reduction

9:36 AM 2:24 PM

With Load Shedding

Morning peak demand reduction from 892 kW to 730kW.
Resulting savings of $907 for 1 month ($10,886 annual potential)




Functional

Testing
i Nl
MBCx through the
Life of your Building
Warranty
Management
and 1st Year CX
" gm
Identify
Operations
Measurement Vg
and Verification Monitor i B e Implement
i- Comfort Efficiency
|
Verify
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- Document and record functional testing with data and analytics.
- Utilize software as a tool to address issues quickly and ensure quality.

RTU-3
- Cost effectively test 100% of all devices without sampling restrictions ——

Dewice Count: 4 Yakue Count: 11,254
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- Ensure the facility operates per the OPR and specifications at all times.

- Assist in operator training. o

- |dentify, Investigate and, Address issues during the 1st year of
operation under warranty.

- Document changes and overrides.




- Measurement and Verification

- How does the facility perform vs. the energy model and performance goals.
- Identify the differences and why.

- ldentify opportunities for improvement and make adjustments.

- Qualifies for LEED credits.




Identify

Operations
and
Maintenance

Monitor Occupant Energy Implement

Comfort Efficiency




- 10-15% typical energy reduction.

- Utility funded programs and incentives available.
- Focus on corrective and improvement measures.
- Low cost/no cost measures with < 18 Month SPB.

Downtown High-Rise
- 80 Energy Star Prior to MBCx

- Enrolled in the ComEd MBCx Program

- Integrated in the June 2015.
Integration incentive of $25,000.

- |dentified 1,394,316 kWh in energy
savings from improper night operation,
duct static reset, and modifications to
chiller staging. Implementation
incentive of $97,602.

- Zero Cost to Owner through ComEd
MBCx Program




- Evaluate equipment performance
and condition 24x7.

- Plan and prioritize maintenance.

- |[dentify and address issues before
they become costly failures.

Pressure




Functional

Testing
i Nl
MBCx through the
Life of your Building
Warranty
Management
and 1st Year CX
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Identify
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Measurement Vg
and Verification Monitor i B e Implement
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|
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Utility Funded Programs In lllinois

ComEd MBCx Overview for Existing Buildings

ComEd MBCx Process

Ameren- Metering and Monitoring Program

UTILITY CHARGES (continued)
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ComEd MBCx Overview for Existing Buildings

- Eligible buildings > 400,000 SF

- Annual Usage > 8,000,000 kWh; Peak demand > 500 kW

- 18 month “monitoring” period (Contract)

- Low-cost/no-cost energy-savings corrective and
Improvement measures are identified and fine-tuned

- $25,000 incentive for software integration and set-up

- $0.07 per kWh incentive for verified energy savings
resulting from the “monitoring” period



ComEd MBCx Process

)




Ameren- Metering and Monitoring Program

- Base incentive of up to $10,000 once the new monitoring
equipment or software is installed.
- Capped at 50% of cost
- Performance incentive of up to $10,000 paid based on
annual energy savings from implemented projects.
- Incentive paid at $0.01 per kWh and $0.20 per therm
- 12 Month monitoring period




Example Projects

Corrective Optimization

Measures

Measures

Correct Scheduling of Kitchen Make-up Air
and Exhaust System

Example:
+ Kitchen make-up ar unt and exhaust fans were
running 2447,
+ Equipment was scheduled from the front end
+ Annual KWh Sevings: 296,067 kwh
+ Annual Therm Savings: 16,321 Therms
+ Annual Cosl Savings: 531,998
+ Measure Cosl 50
+ Smple Payback: Insiant

Night Set-Back On VAV and
FPBs Not Active

Improper VAV Box Airflow

Example;

+ hgipra. 1,000,000 SF Facilty

+ anahytics showed that:

+ Some bowes had improperty set aifaw mikmumns
{ioe high)

- Same baxes proviged 106 much sirlcw &1 mesmum

+ Some boxes did not show a change af aiflow
regerdiess of camper positon {commang}

+ Annual KWh Savings: 96,425 kWh

+ Anrwal Cost Savings: §7.714

+ Measure Cosl In House Coretlions

Emthalpy Sensor Calibration and
Rebalancing of OA Dampers

Example:

Duct Static Reset

L the sysiam raally require a duct stabi; se6 pont of 1,57
o can it b reset o 067

Exampia:
+ TOOLDN SF Fagiiny
+ Duic static sal point resat from 15710 1,07 based an angoing
cnibical Zone analysis
« ArmuE Wh Savings: 153,102 kWn
+ Annus Cost Seands: S11611
+ Measure Cost; 53,085
+ Simple Peayback: 0.27 Years

Condenser Water Reset

Most chilers cian function with 25 dmgml' of bt
degrer CHIWS temp = 67 degrer CWS temp
i ip operaie af BO degres SIS Temp?
- Wity et reES 10 78 Or 15 when the 6 WE slows?
» Tymicaly 23 oficiency MCEase Sr ey one degee
decrase m CWS femp

Example: - dpprax. 500,000 SF Facility
- Apprax. 1,000,000 SF Facility . Exisling enialgy sensoes. were out of calibeation - Chilr Plantwith Twe (2) 500 Ton Chiers
= All zones had mght sethacks programmed at the front + WA AT TNl pesitken wis biinging in mone O mm m L] -ITGSF WWh
and. hawever none of ihe zones were aetively than requined * il Co lgﬂmm- 1?%:39;
cornirelling o night sethacks. + Enthalpy censors were replaced and OA dampar - Messure D’nbl' ﬁ%u' :
= Annual kKWh Savings: 708,085 KWh minimism pasiticn was rebaknced. « Sample r'aylmlsc 612 Yaurs

- annual Cast Swvings: $46 Gad
= Mesure Cost: 35,563
- Simple Payback: 0.12 Years

« Annual KWh Sevings: 166 856 kW
+ Anrual Cosl Savings: 512,132

+ Measura Cost 511,950

. Simpile Payback: 0.98 Years

Chiller Plant Staging
Optimization

gl
Chilker Plant with Four (4) 600 Ton Chilers

- Optimized the siage-up and stage dewn set-pains o af

chillers, pumps, and coaling owers.

= Tursed the: PID boop an the conde nser waber bypass vahe o
prowide mare stable operation and oplimize chiler efficency.

= dnnual Kih Sovings. 475,528 kKWh

= Annual Cost Ssvings: 330,909

- Measune Cast:. 32,000

= Simple Payback. 0.0 Years




Correct Scheduling of Kitchen Make-up Alr
and Exhaust System

Example:
- Kitchen make-up air unit and exhaust fans were

running 24x7.
- Equipment was scheduled from the front end
- Annual kWh Savings: 296,067 kWh
- Annual Therm Savings:. 16,321 Therms
- Annual Cost Savings: $31,998
- Measure Cost: $0
- Simple Payback: Instant




Night Set-Back On VAV and
FPBs Not Active

Example:

- Approx. 1,000,000 SF Facllity

- All zones had night setbacks programmed at the front
end, however none of the zones were actively
controlling to night setbacks.

- Annual kWh Savings: 708,985 kWh

- Annual Cost Savings: $46,084

- Measure Cost: $5,563

- Simple Payback: 0.12 Years



Enthalpy Sensor Calibration and
Rebalancing of OA Dampers

Example:

- Approx. 500,000 SF Facility

- Existing enthalpy sensors were out of calibration

- OA damper minimum position was bringing in more OA
than required

- Enthalpy sensors were replaced and OA damper
minimum position was rebalanced.

- Annual kWh Savings: 166,866 kWh

- Annual Cost Savings: $12,132

- Measure Cost: $11,950

- Simple Payback: 0.98 Years




Improper

Example:

VAV Box Airflow

- Approx. 1,000,000 SF Facility
- Analytics showed that:

- Some

boxes had improperly set airflow minimums

(too high)

- Some
- Some
regard
- Annua
- Annua

poxes provided too much airflow at maximum
poxes did not show a change of airflow

ess of damper position (command)

kWh Savings: 96,425 kWh

Cost Savings: $7,714

- Measure Cost: In House Corrections




Example Projects

Corrective Optimization

Measures

Measures

Correct Scheduling of Kitchen Make-up Air
and Exhaust System

Example:
+ Kitchen make-up ar unt and exhaust fans were
running 2447,
+ Equipment was scheduled from the front end
+ Annual KWh Sevings: 296,067 kwh
+ Annual Therm Savings: 16,321 Therms
+ Annual Cosl Savings: 531,998
+ Measure Cosl 50
+ Smple Payback: Insiant

Night Set-Back On VAV and
FPBs Not Active

Improper VAV Box Airflow

Example;

+ hgipra. 1,000,000 SF Facilty

+ anahytics showed that:

+ Some bowes had improperty set aifaw mikmumns
{ioe high)

- Same baxes proviged 106 much sirlcw &1 mesmum

+ Some boxes did not show a change af aiflow
regerdiess of camper positon {commang}

+ Annual KWh Savings: 96,425 kWh

+ Anrwal Cost Savings: §7.714

+ Measure Cosl In House Coretlions

Emthalpy Sensor Calibration and
Rebalancing of OA Dampers

Example:

Duct Static Reset

L the sysiam raally require a duct stabi; se6 pont of 1,57
o can it b reset o 067

Exampia:
+ TOOLDN SF Fagiiny
+ Duic static sal point resat from 15710 1,07 based an angoing
cnibical Zone analysis
« ArmuE Wh Savings: 153,102 kWn
+ Annus Cost Seands: S11611
+ Measure Cost; 53,085
+ Simple Peayback: 0.27 Years

Condenser Water Reset

Most chilers cian function with 25 dmgml' of bt
degrer CHIWS temp = 67 degrer CWS temp
i ip operaie af BO degres SIS Temp?
- Wity et reES 10 78 Or 15 when the 6 WE slows?
» Tymicaly 23 oficiency MCEase Sr ey one degee
decrase m CWS femp

Example: - dpprax. 500,000 SF Facility
- Apprax. 1,000,000 SF Facility . Exisling enialgy sensoes. were out of calibeation - Chilr Plantwith Twe (2) 500 Ton Chiers
= All zones had mght sethacks programmed at the front + WA AT TNl pesitken wis biinging in mone O mm m L] -ITGSF WWh
and. hawever none of ihe zones were aetively than requined * il Co lgﬂmm- 1?%:39;
cornirelling o night sethacks. + Enthalpy censors were replaced and OA dampar - Messure D’nbl' ﬁ%u' :
= Annual kKWh Savings: 708,085 KWh minimism pasiticn was rebaknced. « Sample r'aylmlsc 612 Yaurs

- annual Cast Swvings: $46 Gad
= Mesure Cost: 35,563
- Simple Payback: 0.12 Years

« Annual KWh Sevings: 166 856 kW
+ Anrual Cosl Savings: 512,132

+ Measura Cost 511,950

. Simpile Payback: 0.98 Years

Chiller Plant Staging
Optimization

gl
Chilker Plant with Four (4) 600 Ton Chilers

- Optimized the siage-up and stage dewn set-pains o af

chillers, pumps, and coaling owers.

= Tursed the: PID boop an the conde nser waber bypass vahe o
prowide mare stable operation and oplimize chiler efficency.

= dnnual Kih Sovings. 475,528 kKWh

= Annual Cost Ssvings: 330,909

- Measune Cast:. 32,000

= Simple Payback. 0.0 Years




Duct Static Reset

Does the system really require a duct static set point of 1.5”
or can it be reset to 0.8"?

Example:
- 700,000 SF Facility.
- Duct static set point reset from 1.5” to 1.0” based on ongoing
critical zone analysis
- Annual kWh Savings: 153,102 kWh
- Annual Cost Savings: $11,611
- Measure Cost: $3,085
- Simple Payback: 0.27 Years




Condenser Water Reset

Most chillers can function with 25 degrees of lift
- Example: 42 degree CHWS temp = 67 degree CWS temp
- Are chillers set to operate at 80 degree CWS Temp?
- Why not reset to 78 or 75 when the OA WB allows?
- Typically 2% efficiency increase for every one degree
decrease in CWS temp

- Chiller Plant with Two (2) 500 Ton Chillers
- Reset CWS from 75F to 65F

- Annual kWh Savings: 160,439 kWh

- Annual Cost Savings: $10,429

- Measure Cost: $1,300

- Simple Payback: 0.12 Years



Chiller Plant Staging
Optimization

Example:

- Chiller Plant with Four (4) 600 Ton Chillers

- Optimized the stage-up and stage down set-points to of
chillers, pumps, and cooling towers.

- Tuned the PID loop on the condenser water bypass valve to
provide more stable operation and optimize chiller efficiency.

- Annual kWh Savings: 475,528 kWh

- Annual Cost Savings: $30,909

- Measure Cost: $2,000

- Simple Payback: 0.06 Years



Monitoring Based Commissioning

Use of real-time data analytics, algorithms, diagnostics, and fault detection, to ensure the
facility is operating properly and to continually improve operation 24x7

MBCx

Monitoring Based
Commissioning and Data
Analytics for Energy Efficiency

How do you get the data?

w..ﬁ H

Functional
Testing

EE

Warranty
Management
and 1st Year Cx

25w

Measurement
and Verification

MBCx through the
Life of your Building

Identify

Operations
and
Maintenance

Monitor o Energy
Commbart EMcigncy
Verify

Implement




