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Credit(s) earned on completion of
this course will be reported to AlA
CES for AIA members.
Certificates of Completion for
both AIA members and non-AlA
members are available upon
request.

This course Is registered with AIA
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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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Copyright Materials

This presentation is protected by US and International Copyright laws.
Reproduction, distribution, display and use of the presentation without
written permission of the speaker is prohibited.
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Course
Description

Monitoring Based Commissioning (MBCx) is the
fastest growing form of commissioning and utility
companies are increasingly aligning incentive
programs to fit the trend. DLR Group Iis an approved
MBCx service provider in the ComEd Energy
Efficiency Program. The speakers provide a
background and evolution of the program, outlining
a series of case study examples that illustrate the
opportunities, challenges and best practices
associated with implementing MBCx.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Understand the activities associated with and best practices of monitor-based
commissioning (MBCx).

2. Understand the market and technological drivers of MBCx.

3. Learn why MBCx is becoming the “next wave" of utility-based incentive programs
and understand the benefits from the supply side perspective.

4. Learn how to identify opportunities to participate in utility-based MBCx incentive
program and align your organization to qualify.
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MBCx the Next Wave of Utility
Savings:

+ Market Drivers

+ Technological Drivers

+ MBCx: Where do you start?

+ MBCx: Expanding your CxA scope
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Energy Efficiency Program

Monitoring-Based
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- Agenda

v'Energy Efficiency Offerings

v'Program Metrics

v'"MBCx Process Overview

v'Top 10 Energy Conservation Measures
v'Challenges

v'Case Studies
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- Energy Efficiency Offerings

s & ¢

Assessment Types  Incentives Discounts Optimization
v Facility v/ Standard v’ Business Instant v Retro-commissioning
v'Laboratory v Custom L'.ght'ng v Rooftop Units
_ Discounts

v'Healthcare v" Small Business (BILD) v' Compressed Air
v'Data Center v" New Construction v Bysiness v" Industrial Refrigeration
v'Combined Heat & Services Products v Process Cooling

Power Discounts

v'Process Efficiency

Energy Tool
v' Business Energy Analyzer
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- Energy efficiency is good for business...

...and your pocketbook.

Q Equipment

Ratepayer
funded
Q Bills
Community
benefits Q Payback

13



- Program Metrics

v'Total projects: 400
v'Total Verified Electric Savings: 166 GWh
v'Total Square Footage: 243 M S.F.
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ComEd
Energy Efficiency Program

MBCx Process Overview

ComZE=d.

An Exelon Company




- Application Phase

v'Peak demand of 100kW or greater
v'"No planned capital improvement projects or system renovations

v'Existing and functional BACNET-based building Energy
Management System (EMS) with direct digital control (DDC)

v'"Committing to costs and installation support for the monitoring-
based software, and executing 12-month monitoring services
contract period

v'Building exceeds 150,000 square feet in air-conditioned floor
space and/or 500,000 square feet in total floor space

= Annual energy savings targets are set during the
application phase

16



- Integration Phase

Key Activities:

= Work begins to install the
monitoring equipment and {h.
software to enable
identification of energy
conservation measures
(ECMs)

= Ensures that the system
operates at a level meeting
the program’s requirements

17



- Integration Phase Incentive Payment Deliverables

v' Customer provides:
= Signed Program Agreement
* [ncentive Request Form

Signed Incentive
: : : Program Request
v’ Service provider provides: Agregmem e

= 12-Month Signed Contract
= Proof of Integration Checklist

12-Month Integration
Contract Checklist

Receive a one-time $25,000
incentive

18



- Monitoring and Investigation Phase

Key Activities:
= |dentify energy-saving

opportunities using
monitoring software

» Data collection to establish
energy usage pre- and post
energy conservation
measures (ECMs)
Implementation

= Perform trending analysis

19



- Monitoring and Investigation Phase Deliverable

v' Service provider provides details of identified ECMs:
= Energy and cost saving estimates

» Implementation cost based on in-house labor or contractor quotes and
payback

= Scope for implementation

20



- Implementation Phase

Key Activities:
= Contractor or in—house staff
implement selected ECMs

= Service provider provides
technical support to you and
the implementation team to:

- Ensure recommended measures
are installed correctly

- Make adjustments if needed during
the installation

= Customer manages project
contractors to complete
installations as recommended

21



- Verification Phase

Key Activities:
= Service provider evaluates facility
trending data and revisits the
site, if needed, to verify that
ECMs have been properly
completed

= Customer support service
provider requests for:

1. Data acquisition e @
2. Access to facility @

3. Invoices to assemble Summary NN
Report

= Review final results

22



- Verification Phase Deliverable

Summary Report:

= Completed ECM documentation

includes:

- Energy and cost savings _

- Project cost and simple payback Ene;rgy Simple
- Trending and functional testing data Savings Payback

- Updated ECM form

= Review results at Verification
Meeting

= Submitted to utilities for program
reporting

Project
Benefits

Incentive

Incentive payment of $0.07/kWh is
processed, per the Program
Agreement

23



- Top 10 Energy Conservation Measures

Measure Names

Scheduling Equipment: AHUs, Fans, Pumps, Electric Heat, VAV/FPBs,
1 Lighting
2 Economizer and Outdoor Air Control
3 Duct Static Pressure Reduce/Reset
4 Chilled Water Temperature Reset
5 Supply Air Temperature Reset
6 Reduce Ventilation
7 Condenser Water Temperature Reset
8 Setback Space Temperature
9 Reduce Simultaneous Heating and Cooling
10 Reduce Pump Differential Setpoint

24



- Challenges

v'Long sales cycle
vIT involvement
v'Integration feasibility
v'Budgeting conflict

v'Prioritization of energy efficiency projects
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- Case Study: Michigan Plaza

v'BUSINESS NAME: Michigan Plaza

v'PROGRAM NAME: Retro-commissioning &
Monitoring-based Commissioning

vENERGY CONSERVATION MEASURES $
IMPLEMENTED
$269,972

* Close Min OAD during unoccupied hours INCENTIVE($)

* Adjust Night Setback Temperature
Setpoint

* Implement Optimum Start on AHU Fans

* Reduce the use of supply fan heaters

* AHU optimum start

Use Differential Enthalpy Economizer
instead of fixed temperature setpoint

Reset DAT setpoint using OAT instead 4,742,514
ofeFSQiT setfpoint using Insteal ANNUAL ENERGY

. SAVINGS (kWh)
* Modify baseboard heat schedule

=  Simple Payback with Incentives:
0.25yr
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- Case Study: Commercial Building

v'PROGRAM NAME: Monitoring-based Commissioning

vENERGY CONSERVATION MEASURES
IMPLEMENTED s
* Automatically Reset DAT based on OAT $164 452
* Automatically Reset Static Pressure Setpoint INCEN'I1IVE($)

*  Optimize Freeze Protection Control

* Repair unoccupied temperature setback control for
FPBs & BB heat

* Implement Staged Winter Optimum Start Sequence

e Close minimum OA dampers during un-occupied 0
hours

¢ Reduce the use of supply fan heaters
PPy 1,992,168

ANNUAL ENERGY
=  Simple Payback with Incentives: 0.2 yr SAVINGS (kWh)
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MBCx the Next Wave of Utility
Savings:
+ Utility Drivers — ComEd Perspective

+ Technological Drivers
+ MBCx: Where do you start?
+ MBCx: Expanding your CxA scope



Market Drivers:
+ Regulation
+ Incentives
+ Client Demand



SEATTLE
50k+ Sqft
Required

SAN
FRAN
10k+ Sqft
Required

CHICAGO
50k+ Sqft
Required

Around
the
corner,
USA

Benchmarking and Energy
Disclosure Regulations

NEW
YORK

50k+ Sqft
Required




Data CHICAGO ENERGY BENCHMARKING

Transparency

+ Mandatory Energy
Benchmarking &
Disclosure
Ordinances

+ Increased
Transparency

+ Increased
Competitiveness




Data

Transparency

+ Mandatory Energy
Benchmarking &
Disclosure
Ordinances
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Qﬂ» Seattle.gov
D ata Seattle Energy Benchmarking

Office of Sustainability & Environment

- e —
(_ Building address (_ Neighborhood 2 Council District j (_ Property Type )

Transparency [ =

+ Mandatory Energy %
Benchmarking & ,
Disclosure
Ordinances

+ Increased
Tran S p are n Cy Greenhouse Gas Emissions

+ Increased
Competitiveness




Driving Factors

Buil

AMERICAN COLLEGE & UNIVERSITY
PRESIDENTS CLIMATE COMMITMENT

EO B-18-12

District Level

Campus Level )

EO B-30-15

District Level
GHG Emissions - GHG Emissions
Zero Net Energy
On-Site Renewables
Water Use

EPP

Financing, Delivery

EO B-16-12

District Level
EV Charging Stations

EV Charging Stations - Zero-emission fleet

Monitoring and Reporting

ding Level

Demand Response

On-site building power

LEED certification

Monitoring Based Commissioning
Indoor Environmental Quality




Market Drivers:
+ Regulation
+ Incentives
+ Client Demand



Utility Rebates

Rebate? You've Paid For It!!! Comeg

,,,,,

o Energy Efficiency Programs -
~30.00150/kWh

o Fora 1,000,000 SF Building that is around
$12,000 / year

o QOver S100 million in rebates available this

Taxes and Other $5,798 .34
Smart Meter Program / 1.72
W ToCea =y (8194 bl
S0ergy Efficiency Programs 1,378,632 WWh X 0.00114 1.571 64

Franchise TUST e = e 1551121 Jo3.5

State Tax 3,951.53 -




The Future Energy Jobs Bill (SB 2814)

Largest Climate & Clean Energy Bill in IL History Passed

« Saving 2 Excelon Nuclear Plants
in Quad Cities (1500 jobs)

WELCOME TO

ILI$NOIS|

\
THE LAND OF LINCOLN_W‘ ;o Efficiency Program budget to
4 e o  Mlinois S400M
From the People of Illinois

' l ‘ ‘V « Kick starting the IL Renewables

Industry - S70% of the funds

« Increase in commercial utility
rates in return for zero emission
program

« ComkEd increased Energy




Typical Incentive Structure
Example: Commercial Office Building

e Joaree _Laienn

Application Phase $5,000 $5,000

Integration of a BAS Data Analytics $25,000 $25,000 SO
software platform and 18 month
subscription

CxA Services to identify & verify ECM’s S0.07/kWh verified ~ $75,000 (estimate) SO

Client budget to implement measures SO NA ~$60,000

+ Savings target: 900,000 kwh + 12,000 therms

+ Cost savings estimate: $75,000/year annual



Market Drivers:

+ Regulation
+ Incentives
+ Client Demand



Corporate Sustainability Reports




=

~ Institutional Sus




Data
Transparency

Demand
+ IAQ + Thermal Comfort

+ Tenant Demand
+ Workplace

+ Education




utcome Based Compliance
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Lower Energy — Bigger Challenges

Mandated Net Zero Ready--_: o

“solar ready” roof, R-42 insulation

wood framing R-19 + 2"
continuous insulation

mixed air
overhead system

: R
winter sun DKV/Q.L\

“LED lights

e‘x’rerior shades

stratified zone | g,

operable windows —| ““summer winds
displacement e aiain, né«mni:'." o, north/ non-hedsf
—— ventilation B [a__,
detention radiant fin tube R-10 perimeter
insulation

= e
fo imigation il.- /
storm water drainage classroom pod

to sewer
4
heat pump /
backup boiler

geothermal wells

=
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R A

Energy Consumption
EUI (kbtu/sflyr)



energy use

OPTIMIZE

to peak
performance

health, wellness,
and comfort




Future ZNE Goals
Energy + Performance Plan -

- Using MBCx and Data Analytlcs =

AN




MBCx the Next Wave of Utility
Savings:

+ Utility Drivers

+ Market Drivers
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1
2
3
4
5
6
7
8

End Date
11/22/11
10/24/11

9/22/11
8/23/11
7/22/11
6/22/11

rlmna Jaa

B
Utility account data for: Electric #21151201007

Start Date
10/25/11
9/23/11
8/24/11
7/23/11
6/23/11
5/22/11

FY LY. ]

kWh

E

Monthly Energy Monitoring

Benchmarking Energy Use

334
263
322
371
465
345

-~

D

Total Charge

57.89
46.95
56.05

63.6
78.65
61.22

o "nA

Energy Use Intensity kBtu/ft?/Year

Benchmark

Histegram

Scatterplot

DISPLAY: Energy Use Intensity by | Site Consumption

Roosevelt

81
Electric usage

Gas usage

Gross Floor Area ft*

|Z| and | Gross Floor Area
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30

Days in Cycle

800

Jan28

Jan 20

Feb 1

$20,371 254,636 32°

Feb 2

Energy Information Systems
Business Energy Analyzer. www.ComEd.com/BEA

bd Benchmark Analysis for Jan 27, 2016 - Feb 25, 2016

6-9 AM

Amount Spent Total kWh Usage Average Temperature

$679 Wednesday

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

Off-Hour Comparison More Detalls
Is Your Energy Working Overtime? T
« 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.

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

View Solutions

Hot Weather Comparison More Detalls

513,488 Is Your Energy BIll Sizzling? T
511,910

+ 6% of your energy use was due to hot weather.

« This is more than the average business in office.

FebS Feb7 Feb3 Feb1l Feb12 Febl5 Feb17 Feb19 Feb2] Feb23 Feb2§ B - .
+ Bring your energy use in line with businesses like yours and save up to $1,578 per year!

Date
View Solutions

Jan 27, 2016 - Feb 25, 2016
— Temperature




AHU Cool Failure 1.25hr | |
AHU Coal-Heat Mode Cycling 5.25hr | |
AHU Fan Short Cycling 17.5hr

AHU On and Fan Off 1.5hr " | ”

] AHU Outside Damper Stuck Open

Damper should be closed, but temp differential between
| mixed air sensor and retum air sensor indicates that significant
outside air is being mixed. If mixed sensor is not available we

| use discharge sensor but only when unit is not cooling nor

heating.
Recommended Adtions

1. Look to see if damper control signal is osdillating

2. Look to see if damper is being commanded open
during times sparks are found

3. Manually check damper to see if linkage is broken or
stuck

| Prionity: Medium

RTU-1
RTU-1
(2)
RTU-2
RTU-1
RTUs
Misc OAH

ElecMeter-Main

ElecMeter-Main

RTU-1

ElecMetar-Main

Fault Detection and Diagnostics

Integrating Building Automation System Data

* Diagnostics at the Systems Level

* Applying the RCx process digitally
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Predicted Energy Optimization
Automated Algorithms to Intelligently Reduce Energy

* Automated Algorithms Predict
upcoming building thermal
needs or utility prices

: %
L




Monitoring Based Commissioning



Collecting Energy Data
Methods

- Green Button
Connect
] My Data




Collecting Control System Data

Project Haystack - Open source semantic tagging

Tagging an Air Handling Unit

**Discharge®* **0utside**
discharge air temp sensor outside air temp sensor
discharge air humidity sensor outside air humidity sensor
discharge alr pressure sensor outside air pressure sensor
discharge air flow sensor outside air flow sensor
discharge air fan cmd outside air flow sp
° discharge air fan sensor outside air damper cmd
Project '® Haystack
return air temp sensor exhaust air fan cmd
return air humidity sensor exhaust air damper cmd
return air pressure sensor
return air flow sensor **Conditioning**
return air co2 sensor cool stage cmd
return air fan cmd heat stage cmd
return air damper cmd humidifier cmd
filter sensor
*EMixed**
mixed air temp sensor *EM]goH*

freezeStat sensor
heatliheel cmd
faceBypass cmd
bypass damper cmd



Fault Detection & Diagnostics

IECC 2015 - Economizers

I

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 (WVRF) units that are equipped
with un economizer in accordance with Section C403.3
shall include a fault detection and diagnostics (FDD)
system complying with the following:

. The following temperature sensors shall be per-
manently nstalled wo monitor system operation:

1.1, 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 to 80°F (4°C
to 26.7°C).

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

4. The unit controller shall be capable of providing
system 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 cyele active.

4.6. The current value of each sensor.

5. The unit controller shall be capable of manually
initiating each operating mode so that the opera-
tion of compressors, economizers, fans and the
heating system can be independently tested and
verified.

6. The unit shall be capable of reporting faults 1o a
fault management application accessible by day-
to-day operating or service personnel, or annun-
ciated locally on zone thermostats.

7. The FDD system shall be capable of detecting the
following faults:

7.1, Airtemperature sensor failure/fault.

7.2. Not economizing when the unit should
be economizing,

7.3. Economizing when the unit should not
be economizing,

74, Damper not modulating.

7.5. Excess outdoor air.




Fault Detection & Diagnostics
Example — VAV Boxes

VAV Box FDD rules

* Damper PID Loop — excessive
modulation

* Reheat valve — excessive modulation

* Leaking reheat valve

* Damper — not responding

* Reheat valve — not responding

e Zone high ACH

 Zone low ACH

* Heat/Cool cycling

DO NOT OVERRIDE!N!

DO NOT OVERRIOE THE "POS? POINTS .
OVERRIOE THE COMD POINT IF NECE SSARY.




Finding Energy Savings
+ Visualization of Energy Use
+ Fault Detection and Diagnostics



Fault Detection & Diagnostics
Example — AHU Heating

Rules cost

AHU - Discharge air temperature too low

AHU - Heat valve open

The heating valve is open while the mixed air damper is
modulating, using more return air may save heat. Typical when
the outdoor air is above about 10F. It may be needed to
provide more fresh air.

Recommended Actions:
» Adjust the mixed air control to allow the damper to

modulate and maintain supply air temperature without
modulating the heat valve.

Unit Ventilator - High Room Temperature

6

dur

15hr

76.75hr

30.75hr

15hr

97.75hr

113.25hr

S56hr

15hr

12.5hr

Timelines

-
i = S .

- |
Ll . ..

Targets

(3)

A

AHO02 Heating Coil Valve Command

(2)



AHU - Heat valve open " I
AHU - High CO2

AHU - High duct static pressure
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Weather in Vernon Hills, IL

o @ Cooling Coil Valve Command @ Heating Coil Valve Command @ Mixed Air Damper Command @ Supply Fan Speed
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Energy Visualizaiton
Example — Hot Water Pumps

Elec (kWh) « Not Normalized  Not Ranked ¢ Weather Off « Loads On

@ HVAC Meter kWh @ General Meter kWh @ Domestic Water Heating Meter kWh

‘ 150 kwh
\ “' -

| )
[ [ [\
100 kWh / e LN [\ po—
\ A~ | \ € \ | v
} ) 1 { \ N ) \ | ¥
| | \ Vi | ~ | \
| \ | \ i | \ \
| \ | 5, \ J l\ | \
50 kwWh { | Y | \\ | \
\ 2} | \__J A
—
!

0 kwh =
@ AHO1 Return Fan Speed @ AHO1 Supply Fan Speed @ AHO2 Supply Fan Speed @ AHO3 Return Fan Speed @ AHO3 Supply Fan Speed @ AHO4 Return Fan Speed
@ AHO4 Supply Fan Speed @ BLR Secondary Hot Water Pump 1 Speed @ BLR Secondary Hot Water Pump 2 Speed @ CHLR Secondary Chilled Water Pump 1 Speed

100 %
B, \
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CHLR Secondary Chilled Water Pump 1 Status

CHLR Secondary Chilled Water Pump 2 Speed
Sat 28th Sun 29th

CHLR Secondary Chilled Water Pump 2 Status
Fri 27th

Tue 24th

Wed 25th Thu 26th

Sun 22nd Mon 23rd




Energy Visualizaiton
Example — Hot Water Pumps

60 °F

40 °F

20 °F

100 %

0%

Weather in Vernon Hills, IL

@ AHO1 Heating Coil Valve Command @ AH02 Heating Coil Valve Command @ AHO03 Heating Coil Valve Command @ AHO04 Heating Coil Valve Command @ Hot Water Valve

@ Secondary Hot Water Pump 1 Speed @ Secondary Hot Water Pump 2 Speed
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Using MBCx & Building Data Analytics
to Inform Design Decisions



Benefits of

Building Data Analytics

L |

Deeper Energy Proactive Increased
Savings Maintenance Occupant
Comfort

(o)
,"_}
ox %

Inform Capital
Upgrades



Building & Human Performance

Low Energy
High-Performance

Satisfaction & Productivity ¢
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215t Century Learning Environments

Using Analytics for Planning Capital Upgrades for
Building Performance + Student Performance

T
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We have all of this DATA:
Now what do we do with 1t?!



Data Storms




Creating Actionable Intelligence



The Last 18"

Enabling the Chief Engineer to
make informed decisions

* Prioritize Building Issues:
Comfort & Energy

DATA Driven Capital Planning

Streamline O&M processes




Using the Cx Process to Close the
Design Loop

Integrating Analytics on the Front and Back end of Design




How can YOU participate?
+ Find a platform that works for you
+ Integrate into your Cx & RCx process
+ Reach out to your utility



™ DLR Group —_ -

Architecture Engineering Planning Interiors
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This concludes The American Institute of Architects
Continuing Education Systems Course

Contact Information
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