- s B x K F /
- Y N " : f — }
- = ,{f — //' //:,l // =
’ - . (] = — /
< /f ; == — 4 ’/ >
- 7*".4 | == == | /1 —
- /4 > 5
S— 4 - /4 -—”/' / /.‘ /, /
— e L 2 'i - /. /‘ / //,‘ /4 / /_—-'
/ \\ ~ ,.} - 7 /' //4 / //‘ — " //’ /
J J I Y -~ 2N = , = | =
p ,,v’ 4 h ’ o~ ’A' 2 : v = =\ //. { . = 4

ofe]:]e

Part of Ramboll

PRESENTS:

HVAC Monitoring for Measurement & Verification and Ongoing

Commissioning
Michael Kingsley, PhD, PE, CPMP, LEED AP IDEA CampusEnergy 2019



Objectives

Review M&YV of an HVAC system
retrofit project

Review methodology and results of

ongoing commissioning
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Hunter College HVAC
Renovation Overview
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v" DASNY Energy savings guarantee project

v" ASHRAE Guideline 14 M&V

ACEC New York

American Council of Engineering Companies of New York
v" Hourly interval data from BMS
Silver Award

Energy : c ..
4 Ongoing commissioning focused on

thermal comfort
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Renovation Scope

New VFD AHUs, VAV boxes, and PIUs to meet current loads and ventilation

Full DDC controls through Building Management System
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Measurement and

Verification

v" DASNY Energy Performance Guarantee

v" ASHRAE Guideline 14 — Retrofit
Isolation Approach

= Short term monitoring of power and flow

=  Range of flow rates

ASHRAE Guideline 14-2014
(Supersedes ASHRAE Guideline |4-2002)

= Additional points encouraged

Measurement of Energy,
Demand, and Water
G 0BG Savings




ACC-01 Air Flows
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M&YV Energy
Results

G 0BG

Baseline
Power
(kw)

Post-Retrofit

Average
Power
(kw)

Average
Speed
(%)

Annual
Run
Hours

Baseline
Energy
(kwh)

258,635
225,523

239,959
108,634

967,579

109,687

333,250

Energy
Savings
(kWh)

170,973

150,536
130,272

634,328




Ongoing Commissioning

A continuation of the Commissioning Process well into the
Occupancy / Operations Phase to verify that a project continues to
meet current and evolving Owner’s Project Requirements. Ongoing
Commissioning Process Activities occur throughout the life of the
facility; some of these will be nearly continuous in implementation,
and others will be either scheduled or unscheduled (as needed).

ASHRAE (Guideline 0-2013 The Commissioning Process)
G 0BG




1) Savings from periodic retro-commissioning

7/ 2)Added MBCx savings from persistence

EnergyUse
.

3)Added MBCx savings from new measures identified by
metering and trending during initial Cx effort

4) Added MBCx savings from continually
identified new measures

Benefits of Ongoing Cx

Persistence of savings and opportunities for additional savings

G 0BG 1
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http://www.swinter.com/party-walls/wp-content/uploads/sites/2/2017/08/figure-for-commissioning-blog.png
http://www.swinter.com/party-walls/wp-content/uploads/sites/2/2017/08/figure-for-commissioning-blog.png

AC-C-2 Fan Power & Speed
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OCx Analysis

O
x
=]
[a4]
>
<
>
G
(o)
-
| =
8
S
Q
a.

AHU Level Comfort
Evaluation

o
™
—

Hour of the Day

W<65°F M65°Fto 68°F M68°Fto76°F M@M76°Fto79°F W>79°F
Hourly Distribution of VAV Box Space Temperature for AC-C-1
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OCx Analysis

AHU Level Comfort

Evaluation

Boxes

Percent of VAV

100%
90%
80%

g 3
SN

50%
40%
30%
20%
10%

0%

Example: this stacked bar

Colors quickly
identify outlying
data

means that approximately
91% of the VAVs fell within
68 and 76F, 8% fell within 65
and 68F, and 1% was less
than 65F between 12 am and

Hour of the Day

BM<65°F M65°Fto 68°F MW68°Fto76°F ME76°Fto79°F MW>79°F




VAV-B2-1Space Temperature

Mon Tue Wed Thu Fri Sat Sun  Mon Tue Wed Thu Fri Sat sun
9/11 9/12 9/13 9/14 915 9f1e 9/17 918 9/19 9/20 9/21 9722 9/23 9/24

| Between 68 °F and 76 °F
[ Between 76 °F and 79 °F
_BetweenGS'FandSB'f




0:00
to
6:00
6:00
to
12:00
12:00
to
18:00
18:00
to
24-:00

‘Within 20 % of Setpoint | More than 40% Above Setpoint
[ 20% to 40 % Above Setpoint ‘More than 40% Below Setpoint.
[ 20% to 40 % Below Setpoint
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i VAV-6-31 Space & Air Temperatures
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Cooling Season
Example
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Cooling Season Example

Operational Summary for Hunter College - East Building VAV-6-31 Summaries for VAV Boxes served by AC-C-2
Reporting Period: 9/11/2017 through 9/24/2017 Page 12 of 25

Data Summary Statistics

Hours Above Setpoint Hours Below Setpoint .
. o _ - . . . Time Outside of Expected Range
Variable Average Minimum Maximum >2°F >5°F >2°F >5°F

2 | a4 | o | o f 0 1%
.o | o | 0o | o0 | 0%
m Note 1. Percent of time space temperature was more than 5 °F away from setpoint.

Hours Above Setpoint Hours Below Setpoint -
Time Outside of Expected Range

VEYELIE Average Minimum Maximum >20 % >40% >20 % >40%

ZoneSupplyAirFlow(CFM)| 344 | 38 | 35 | o | o | 0o | 0 |
Zone Damper Position (% open) f " ~n 40% away from setpoint and fan was on.
AC-C-2 Supply Air Flow (CFM) 28,356

AC-C-2 Supply Fan Speed (%)

ermer—ommem | FlIOW Maintaining Setpoint

Space Temperature for VAV-6-31 (served by AC-C-2) \C-C-2)

9/11- Mon Tue Wed Thu Fri Sat  Sun Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
9f2a 9/11 9/12 9/13 914 9/15 9/16 9/17 9/15 9/16 9/17 9/18 9/19 9/20 9/21 9/22 9/23 9/24
LA 780 | 771 [ 789 | 785 [ 793 [ 805 | 782 | 778 | 100% | 100% | 100% 100% | 99% | 100% | 100% | 100% | 100% | 100% |

L ]
WO 752 [ 751 |60 [ 776 [ 770 [ 700 |76 [ 194 Inadeq uate Coolin g oo | oon | oow | oow | oo | oo | oo [ oo [ oo [ oon
.7 [ 7s0 [ v [ 705 10 [ers {05 [ 7] Froas [o15 [0 1015 [ 100w [ 035 [ 1009 025 [ 100w [a0r

Temperatl-.l res

Between 68 °F and 76 °F Greater than 79 °F _Fan is off Within 20 % of Setpoint More than 40% Above Setpoint
[ getween 76 °F and 79 °F Less than 65 °F Missing Data [ 20% to 40 % Above Setpoint More than 40% Below Setpoint
Between 65 °F and 68 °F 20% to 40 % Below Setpoint

Description: The shade plots represent temperature or flow for each hour of the monitoring period as a color block. Each column represents a single day and each block in that column an
hour in that day, reading from top to bottom the beginning to ending of that day. Average, minimum, and maximum occupied temperatures and flows are also shown for each day.




Cooling Season Example

25 VAV-6-31 Space & Air Temperatures
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Cooling Season Example

Operational Summary for Hunter College - East Building VAV-B1-7 Summaries for VAV Boxes served by AC-C-2
Reporting Period: 9/11/2017 through 9/24/2017 Page 7 of 25

Data Summary Statistics

Hours Above Setpoint Hours Below Setpoint "
Time Outside of Expected Range

VELEL] Average Minimum Maximum >2°F >5°F >2°F >5°F

o | o | o | o . o
o0 | o | o [ o | % |
Note 1. Percent of time space temperature was more than 5 °F away from setpoint.

Variable Average Minimum Maximum > 20 % >40 % >20 % >40 %

ZoneSupplyAirFlow(cFM)| 679 | 47 | 82 | o | o | 146 | 3 | 2%

-E- “an 40% away from setpoint and fan was on.
AC-C-2 Supply Fan Speed {%} | 66 | .
ACC2 Rotum Fanspeed 09 72 Flow below Setpoint

Space Temperature for VAV-B1-7 (served by AC-C-2) AC-C-2)

9/11- Mon Tue Wed Thu Fri Sat  Sun Fri Sat Sun Mon Tue Wed Thu Fri Sat  Sun
9/24 9/11 9/12 9/13 9/14 9/15 9/16 9/17 9/15 9/16 9/17 9f18 9/19 9/20 9/21 9/22 9/23 9/24
equate Looling e o o [ on T aon [ o [ o [ [

Hours Above Setpoint Hours Below Setpoint 2
Time Outside of Expected Range

I
s |
3 |

I
I
I
I
I - - -
Temperatures Other
Between 68 °F and 76 °F Greater than 79 °F _Fan is off Within 20 % of Setpoint More than 40% Above Setpoint
[ Between 76 °F and 79 °F Less than 65 °F Missing Data [ 20% to 40 % Above Setpoint More than 40% Below Setpoint
Between 65 °F and 68 °F 20% to 40 % Below Setpoint
B O B G Description: The shade plots represent temperature or flow for each hour of the monitoring period as a color block. Each column represents a single day and each block in that column an
hour in that day, reading from top to bottom the beginning to ending of that day. Average, minimum, and maximum occupied temperatures and flows are also shown for each day.
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Cooling Season Example

X VAV-B1-7 Space & Air Temperatures
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Cooling Season
Example

OCx Analysis

System Level Data

AC-C-2 Supply Fan Speed AC-C-2 Return Fan Speed
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Heating Season
Example

G 0BG

v
Q
x
=]
(a0
=
<L
>
Y
(o]
e
-
Q
5
(=

(22
L |
Hour of the Day
W<65°F W65°Fto 68°F MWE8°Fto76°F M76°Fto79°F MW>79°F

Hourly Distribution of VAV Box Space Temperature for AC-C-1




Heating Season Example

Operational Summary for Hunter College - East Building VAV-6-12 Summaries for VAV Boxes served by AC-C-1
Reporting Period: 2/19/2018 through 3/04/2018 Page 12 of 28

Data Summary Statistics

Hours Above Setpoint Hours Below Setpoint .
Time Outside of Expected Range

VELEL Average Minimum Maximum >2°F >5°F >2°F >5°F
Occupied Space Temperature (°F) o | o |
Unoccupied Space Temperature (*F) o | o | o | o | 0% |

VAV Box Supply Air Temperature (°F) Note 1. Percent of time space temperature was more than 5 °F away from setpoint.
AC-C-1 Supply Air Temperature (*F

Hours Above Setpoint Hours Below Setpoint i
. : Time Outside of Expected Range
Variable Average Minimum Maximum > 20 % > 40 % >20 % > 40 %

% away from setpoint and fan was on.
AC-C-1 Supply Fan Speed (%)
&

AC-C-1 Return Fan Speed (%)

Space Temperature for VAV-6-12 (served by AC-C-1) O Ve r h e a t i n g

2,{19 - Mon Tue Wed Thu Fri Sat
Yo A oy ¥B oYM

Sat Sun  Mon  Tue Wed
3 ¥\ W Yw 1T 28

= (2
HH

ale_2|d w
EB|BEEB|E Fy
o
in
=
E
=
-]
w
~
w

I I —
I I
I 1
I I
I e e—
I I N
I I
I I
I |
1200 I T
I B - 1 ! ! 1 | 1 |
1200 S .
™ I T
1E:00 - I [ | |
TR I B B
1E:00 I I {1 1 ]
o s | I 1 |
00 . I { !
e — L e—
Temperatures Other
Between 68 °F and 76 °F Greater than 79 °F I - is off Within 20 % of Setpoint More than 40% Above Setpoint
[ Between 76 °F and 79 °F Less than 65 °F Missing Data [ 20% to 40 % Above Setpoint More than 40% Below Setpoint
Between 65 °F and 68 °F 20% to 40 % Below Setpoint
E O B G Description: The shade plots represent temperature or flow for each hour of the monitoring period as a color block. Each column represents a single day and each block in that column an
Part af Ras aall hour in that day, reading from top to bottom the beginning to ending of that day. Average, minimum, and maximum occupied temperatures and flows are also shown for each day.
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System / Date L Date
Componet ~ | Identifie ~ Issue Description ~ | Resolve| Notes
VAV-1-8 deviated more than 5 °F from setpoint at times; this terminal box provided maximum flow all occupied mode periods DMC/Honeywell reported the damper for AV box was setin maljual to be
VAV-1-8 A (about 880 CFM) apparently overcooling the space. STy 100% open and it was returned to au ode.
Supply air temperature ranged from 48.7 °F to 60.1 °F, with an average temperature of 53.3 °F when the supply fan was on. Unit DMC/Honeywell tightened the PLB*Control loop parameters.
AC-C-2 7/17-8/27 SL.JppIy air temperature was not tightly controlled; at.times up to 6 °F awa.y from setpoint. Over the monitoring.period, the supply 9/13/2017
air temperature was more than 2 °F away from setpoint 48% of the occupied hours. Temperatures below setpoint were most
prevalent.
Supply air flow ranged from 18,992 CFM to 39,232 CFM, with an average of 23,480 CFM. Fan speed ranged from 51% to 99%, very VAV
AC-C-2 7/31-8/13 averaging 58%.speed. Like AC-C-1, the maxi.mum obser\{ed flow and sjpeed o&I:CLfrred ovn August 1 between 10 a.m.. and 12 p.m. 10/9/2017 . onisation .
when duct static pressure dropped to 0.04 in. w.g. (1.0 in. w.g. setpoint). A similar spike occurred on August 5 with a more plains thedropin
gradual reduction in flow into the following day. static presggre and high air flow & fan speeds.
Supply air flow ranged from 9,345 CFM to 40,040 CFM, with an average of 24,991 CFM. Fan speed ranged from 52% to 100%, Unit ally turned off and on, On each Sugg#’y fan On signal, every VAV
averaging 61% speed. A minimum flow of about 21,000 CFM would be expected at the minimum fan speed observed over ¢ for damper synchronisation
AC-C-2 8/14-8/27 |period (52%), and in fact this was confirmed from the data; the 9,345 CFM minimum reported above is an outlier | position. This explains thedrop in
at unit startup on August 25. Like AC-C-1, the maximum observed flow and speed occurred on August 25 b 12 p.m.and 1 iC pressure and high air flow
p.m. when duct static pressure dropped to 0.55 in. w.g. (1.0 in. w.g. setpoint).
The minimum outside air damper position was reduced from 25% to 10% open on July 21 a ained at 10% thro DMC/Honeywell repo, at the damper position was manually changed from
AC-C-2 7/17-7/30 o ; . A . /2017 . o
of the monitoring period. This event occurred the same hour as the July 21 supply ai spike (Issue 6). compare this to design intent.
VAV-B1-2 7/17-9/10 VAV-B1-2 (AC-C-1) flow was significantly higher than setpoint; damper was ¢ nded 100% open all hou vell reported the damper was overridden to manual and putit back
atomatic operation.
VAV-B1-3 7/17-9/10 VAV-B1-3 (AC-C-1) flow was significantly higher than setpoint; C/Honeywell reported too much air coming to the VAV box and suggested
monitoring period. adjusting the upstream balance damper.
VAV-2-3 VAV-1-3, VAV-1-6, VAV-2-3, VAV-2-4, VAV-4-2, VA VAV-2-3, VAV-4-2, and VAV-4-12 (AC-C-1), DMC/Honeywell confirmed it is due to
VAV-4-2 7/17-8/27 |damper was commanded to 100% open. 9/13/2017 |air loss (duct leakage) and is not a controls issue.
VAV-4-12
AC-C-1 7/31-8/13 10/9/2017 This is a Setpoint, overriden by operator
This is a Setpoint, overriden by operator
AC-C-2 7/31-8/13 10/9/2017

Ir tempera
e setpoigfieturned to 55 °F on Friday, August 25.

10/9/2017

PID tuned, Need to monitor for further events

8/14-8/27

10/9/2017

PID tuned, Need to monitor for further events

AC-C-2

8/14-8/27

10/9/2017

Unit was manually off for some part of the day in morning and afternoon time,
due to this damper wasn’t open.

per was commanded to 0% open all hours as the control loop unsuccessfully attempted to reduce flow to setpoint. This
occurred at the minimum CFM setpoint for the box (40 CFM), when about 55 CFM was typically supplied to the zone. Space
temperature was controlled to an average of 68.3 °F, possibly indicating a minimum CFM setpoint that is too high for the zone
resulting in overcooling of the space.

10/9/2017

Box is in manual control

8/28-9/10

Beginning Sunday, September 3, VAV box VAV-7-31 (AC-C-2) flow was always higher than setpoint. The terminal box damper was
commanded to 0% open as the control loop unsuccessfully attempted to reduce flow to setpoint. This occurred at the minimum
CFM setpoint for the box (40 CFM), when about 400 to 500 CFM was typically supplied to the zone. Space temperature was

controlled within the expected range all hours (72.7 °F average).

10/9/2017

Box is in manual control




Ongoing Commissioning — Recommended Actions

Unable to maintain space
temperature setpoint

Poor supply temperature control
Mid-day spike in air flow/drop in

duct pressure

Unable to modulate zone air flow
low enough

Unable to modulate zone air flow
high enough

Manual override of VAV box
damper — Release to auto

Adjust PID loop

Unit manually turned off/on (VAV
dampers cycle)

Too much supply air pressure —
adjust balance damper

Upstream duct leakage



Project Outcomes

Happy Client

= System Performance
= Reports and Recommendations

Persistence of Savings and
Comfort
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Part of Ramboll

Thank you!

Michael Kingsley, PhD, PE, CPMP, LEED AP IDEA CampusEnergy 2019
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