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Introduction to B2Q

B2Q Associates is an independent consulting firm specializing in energy efficiency, commissioning, and
advanced MEP and HVAC design for higher education, healthcare and industrial clients.

* Located in Andover, MA & Saratoga Springs, NY
* 16 Engineers (10 UMass Grads)
* Performing work on Campus since 2012

 Summary of Projects on Campus:
* Over 40 energy & HVAC studies/investigations conducted
e Turnkey HVAC & controls upgrades/optimization 10 buildings
* Identified energy savings over 10 million kWh & 67 million lbs. of steam
* B2Q Implemented savings of 6.4 million kWh & 39 million Ibs. of steam
* University Energy Cost Savings over $1.8 million annually

* Lab-specific work performed in GRC, Conte, ELab I, ISB, LSL North & South, PSB
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Why is Lab Ventilation Important?

* Primary objective of lab ventilation & lab ventilation controls is
to provide a safe work environment by effectively removing
contaminants from a lab and maintaining pressurization relative
to adjacent spaces.

* Provide comfortable working environment for occupants.
* Temperature, Relative Humidity, Noise
* Maintain Consistency of Environments

* Lab ventilation is extremely expensive!
 100% outdoor air
* High energy demand day & night

Savings Metric

Building ($/CFM)
UMass LSL $4.05
UMass ISB $4.35
—> UMass Elab Il $10.33
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How Does Ventilation Work in a Lab Bui

Lab air exhausted
from top of building

Fresh outdoor air
brought in at a
lower elevation.
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In general, the fresh
outdoor air entering
the building equals
the exhaust air
leaving.
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Lab Pressure Cascades & Airflow Balance

* Air “cascades” from

- : : II_II : : II_II : I I|_JI : I II_II : : ILJI : : II_II : I II_II IL
L] . non-lab to lab zones.
< —200 g@
b 238 0 /o8 ~ 200 ~1o0 b - 20D HE * Generally, labs are
: : =[;°|D/ﬁ: |00 A negative to
H .| [eee surrounding areas.
I * There are
A2 g ! ﬂ== exceptions
s EPA] ] e
Ve | Supply air is brought
! into labs to maintain
/00 % pressurization
-]00 -[00
2550 255€ e Supply air is brought
into non-labs to
]][1 N 1 L - 1L _ r][ “make-up” for lab

negativity.
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Individual Lab Ventilation
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1. General = I
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2. Snorkel
Exhaust .
3. Fume Hoods
4. Slide Gate ¢
Dampers
5. Supply Air
'ﬁ N
il
LSL North L3
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Individual Lab Ventilation

 Lab ventilation is generally measured in air change rates (ACH) or how many times the
volume of air in a lab zone is exchanged in an hour

min
hour

3
Total Exhaust Airflow (%) x 60
Air Change Rate (ACH) =

Gross Lab Volume (ft3) — Furniture Volume (ft3)

Lower ACH is typical
for less hazardous lab
zones and
unoccupied periods

Higher ACH is typical
for more hazardous
lab zones and
occupied periods

e Safe and effective lab ventilation is more than just ACH — distribution, layout, velocity,
airflow patterns, etc. matter.
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Potential Issues

Labs over ventilating or
under ventilating

Exposure due to
improper fume hood
control

Improper room balance

Stratification or
concentrations

Equipment or diffuser
interference — Physical
constraints
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What is the Opportunity & Where does

B2Q fitin?

* Re-design lab ventilation to match current lab use, chemical inventory, & updated codes

* Optimize / update lab ventilation control strategies through re-commissioning

* Repair/replace failed controls/HVAC hardware — actuators, sensors, occupancy

* Applies to new and old buildings.

Failing equipment (~2% / year observed) & facility operator overrides
Codes, standards, guidelines updated since design

Lab use has changed or is not as intended during design
Commissioning not performed or not well-executed

Controls may be outdated or new technology is available

Policy change — energy conscious movements and practices

* B2Q helps UMass identify the opportunity, estimate savings and costs, and implement changes

4/17/2019
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The Big Picture

e Baseline Buildings & Labs
e “What is the building doing now”
e Determine the opportunity

\

e Work with EH&S to determine safe
ventilation & other factors

e Evaluate energy savings and project
economics

e Implement Changes

e Measure and Verify results (12
months)

LSL North - Site Energy Use Intensity Information

Building Area (ft')

Annual Energy Use UEE_ Annual Cost Average Bill En5t.
Intensity Rate Intensity
Electric Energyr
kBtu/ft” s/’
 Sossom a7 | 958 ] S50 | | $040 | 281
Steam Energ-,r
kBtu/ft” s
\ 1705 ) 10006 | 900 | sseoe | S0 | 191
Chilled Water Energ-,r
kBtu/ft’ s
G | 00 | ive ] SoLz0 | $040 | 054
Total Energy
MMBtu kBtu/ft’ $ $/MMBtu /it

35,540 197.4 | $909,632 | $25.59 $5.05
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Lab Baseline

25

20

15

10

Number of Labs in LSL North

Base Case Occupied and Unoccupied ACH in LSL North

m Occupied ACH m Unoccupied ACH

Over Ventilated Labs

12-15 15-18 18-21 21-24

Average Air Change Rate
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Download building operating
data & evaluate operation

Determine base case lab
ventilation during occupied and
unoccupied operation

Identify over ventilated labs
and under ventilated labs

Identify the opportunities that
exist — for LSL North:

* Occupancy control — little
change between
occ/unocc

e Generally over ventilated
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Areas for Improvement in Labs

* Lab Ventilation (ACH) |
* |s ventilation too high or low? HEIp us do gOOd,

* Fume Hood Operation CIOSQ the hOOd ! A closed fume
* Variable Volume hood uses about

Leaving this hood openwhen not in

* Face Velocity Control use results in upnecessafy ventilatio 70% less energy
which wastes energy@ntiinay cause
room air contamination.

than a fume
hood with an

* Minimum Flow Setpoint

* Are sashes being left open?

Keep the earth happyby h i
* Occupancy Control closing it whenever possibie OPE€nNn sasn. ... |

/ the fume hood is
susmnabu.§)/ variable volume,
that is

* Do lab controls respond to
occupancy?

* Lab Pressurization & Make Up Air

* Are labs positive or too negative?

* Is make-up air lacking?
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Working with EH&S / Lab Pls

Walk through lab zones with EH&S to identify:

I e Lab housekeeping

e e e e e e e e s = = * Chemical inventory

* Lab operations

* @Gain understanding of lab occupancy patterns
* Take note of lab Pl troubles or complaints

¥

Informs proposed ventilation rates

1* Occupancy Control l

I * Do lab controls respond to occupancy?I

6 Occ

3 Unocc
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Working with EH&S / Lab Pls

 Variable Volume Control

* Constant volume fume hoods use same

 Fume Hood Operation amount of exhaust air even with sash closed.

e Variable Volume * Face Velocity Control

| |
' |
: * Face Velocity Control : ‘ 100 fpm? 80 fpm? 40 fpm setbacks?
l * Minimum Flow Setpoint I  ASHRAE 110 notes 75-110 fpm acceptable
l | e ASHRAE 110 Modified Testing
* Minimum Flow Setpoint
 ANSIZ9.5 2012 notes as low as 10 cfm/ft2
* Was 25 cfm/ft? — code change
* Culture & Behavior

* Are fume hood sashes being left open?

* Chemistry / gas work being done on benches?
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Evaluate & Implement

. Engineer new lab control sequences, setpoints and lab airflow offsets to control to new ACH.

. Setpoints and control sequences approved by EH&S and Physical Plant.

. Evaluate expected energy savings & implementation cost

. Example Net Room Volume = 11,813 ft3 with a recommended 6 occupied ACH.

Flow Rate( ft) 60 (mm) 6 * 11,813

6 ACH = = 1,181 CFM (1968 @ 10 ACH
11,813 (cu. ft) 60 ( @ )

Measured Lab Exhaust (FH,
GEX, SNK

Lab Airflow Offset (+/-)

Lab Supply Flow
Setpoint

Total Lab Exhaust Setpoint EH&S /
UMass

Total Fume Hood & Snorkel Lab General Ex-haust Facilities
Elow Flow Setpoint
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Commission, Measure & Verify

UMass LSL - Pre and Post Implementation Building Exhaust Airflows e Test new
Average Airflow Savings = 24,724 cfm
sequences and
75,000 .
setpoints
72,500
70008  Monitor
67,500 .
5,000 Pre-Implementation T operation over
| 12/14/2017 - 12/18/2017 . swstror | 312 months
- Post-Implementation
52,300 Al 70,341 cfm 12/13/2018 - 12/17/2018
60,000 Average Airflow = 46,828 cfm —rr.nuir“aEg:h;Pur:t- . DOCU ment
E 57,500 Airflow .
° savings for
55,000 - Average .
“Post-imp UMass & Utility
24,500 Airflow
70090  Ensure that
o changes made
45,000
have not been
42,500
undone
40,000
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Monitoring-Based Commissioning (MBCx)

*  MBCx also known as Continuous Commissioning (CCx) or Real-time Energy
Management (RTEM)

*  Comprehensive approach to commissioning of new or existing buildings
incorporating:

* Allows facility operators and EH&S a “real time” view
of lab and building operation.

* |dentifies potential faults, safety concerns and areas
of potential waste energy and ranks by severity
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155A Lab - Chemistry
Uldass Amherst = Infegrated Science > Lab Zones Group - Lab Wing = 1554 Lab - Chemistry
Data Points Samples BEEEEN < 2018-07-10 05:50:34 PM | M

]
oo IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIISI!LIIIIlllllllllzlslllIIIIIIIII!!I!IIIIIIIIIIIlIIIIIIII!!LIIIIIIIIIIIIIIIIIIII!“I
80 LE0OHEE= B o LS8 -

2018-10-10 05:50:34 PM > @ Get Data

07119 07:33 07/25 02:26 07/30 2
B | o X8 ERL-E80EHE= B vd
Calculated Lab Air Change Rate & Occupancy M Calculated Lab Air Change Rate M
15 7
6.016
Wed Jul 18, 2018 21:50:34 Histogram Count
= Derived Lab Air Change Rate 6.038
1] 15 30 45 60 75 a0 105 : :
10 = » Occupancy Sensor 0.000 L | | | | I 1 | Derived Lab Air
10 Change Rate
Lab Fones Group - Lab Wing »

1554 Lab - Chemistry

pormrremanin, @ e o I A = e )
& : S "
Tue, Oct 92018 12:35:00 PM

Ry 10f1 ] o =

0~ ANAJULIA® U AU JUMAL UL A RV A M SR AL TULAUALAGL AT UL VUSRI VWLV
. T | T S -197.281

I I I
16. Jul 30, Jul 13, Aug 27. Aug 10. Sep 24. Sep
Airflow Differential

Yalue
h
|
Value

-3 T I T [ | I B
23, Jul 6. Aug 20. Aug 3. Sep 17. Sep 1. Oct Timestamp
T min Max Avg Std Dev Last S_ “Min Max Avg Std Dev Last CFM
0.000 10.450 5.910 0.480 6.020 Lab Zones Group - Lab Wing >
1554 Lab - Chemistry

>
@ L=f Derived Lab Air Change Rate 0.000 10.450 5.910 0.460 6.020 @ Derived Lab Air Changs Rate
-0.700 0.460 0.000
Wed, Oct 10 2018 17:46:44 PM

@ Lsf Occupancy Sensor -1.000 0. 000
LI 3 of 3 8¢ S EOHE= B s 6L 0HBHE=
Total GEX, Fume Hood, & Supply Flows M Lab Airflow Differential m

3000 — 1000 —
2000 — 500 —
Lk Lk
E =
o o
= =
1000 — ""‘"‘_”"_“'n’ A e 0
| i n I A k|
L U’ LA | " - LA | l
0 T T 1 | T 1 -500 T T 1 | T 1
23 Jul 6. Aug 20. Aug 3. Sep 17. Sep 1. Oct 23 Jul 6. Aug 20. Aug 3. Sep 17. Sep 1. Oct
> ~ Min Max Avg  Std Dev Last =~ | | >_ Min Max Avg Std Dev Last
0.000 584510 530,040 T0.750 556,670 @ Left Airflow Differential 237 260 615,360 96,870 53.060 74880

@ Left Derived Total General Exhaust Flow
636.660 107.610 627.720

1,082.940 b

603.300 2,049.690

@ Lsft Derived Total Mon General Exhaust Flow
0. 000 2,069.600 1,072.680 90.020

@ L=t Derived Total Supply Flow
L—
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Historian KPI List

Face Velocity
Face VWelocity
Face Welocity
Face WVelocity
Face Velocity
Face VWelocity
Face Welocity
Face WVelocity
Face Velocity
Face VWelocity
Face Welocity
Face WVelocity
Face Velocity
Face VWelocity

3 =

Equipment
230 NE Fume Hood = Hood Face

043 5 Fume Hood > Hood Face

150 EME Fume Hood = Hood Face
150 MW Fume Hood = Hood Face
021 N Fume Hood = Hood Face

240 SW3W Fume Hood = Hood Face
240 W3W Fume Hood = Hood Face
230 5E Fume Hood = Hood Face
240 NWHNW Fume Hood = Hood Face
230 55E Fume Hood = Hood Face
230 E Fume Hood = Hood Face

043 N Fume Hood = Hood Face

230 EME Fume Hood = Hood Face
021 5 Fume Hood = Hood Face
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a1 79.071 feet/minute
— S 79.310 feet/minute
I T 79.527 feet/iminuie
—_— 79.854 feet/minute
R I I IS, 79.967 feel/iminuie
- T &0.290 feet/minute
— 1 G0.432 feet/iminuie
/L S A1 40/ feetiminute
|8 oA EEED

TN
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Historian KPI List

Name
Derived Lab Air Change Rale

.| Derived Lab Air Change Rate

Derived Lab Air Change Rate
Derived Lab Air Change Rale
Derived Lab Air Change Rale
Derived Lab Air Change Rale
Derived Lab Air Change Rate
Derived Lab Air Change Rale
Derived Lab Air Change Rale
Derived Lab Air Change Rale
Derived Lab Air Change Rate
Derived Lab Air Change Rale
Derived Lab Air Change Rale

L T o P | mpn

Equipment
Zones = 023A Pump Chase

Zones = 062 High Bay Lab
Zones = 021 Wet Assembly
Zones = 032 High Bay Lab
Zones = 025 Dry Assembly
Zones = 027 Opdics Lab

Zones = 063 High Bay Lab
Zones = 064 High Bay Lab
Zones = 028 High Bay Lab
Zones = 066 High Bay Lab
Zones = 033 Oplics Lab

Zones = 031 Oplics Lab

Zones = 070 High Bay Lab

History

© 2021 B2Q Associates

Value

4.447
6.169
6.395
64580
G471
G494
6.508
6.510
6.315
6.335
G540
6540
G550

LT

LoM




Integrated Science SMyVoce | 5 +Flet View © 2021|B2O»Assaiates
UMass Amherst > Integrated Science ©Public |
[¥] FDD LAB General Exhaust Box, FDD VAV Box, FDD LAB Fume Hood, FDD Lab Zone, FDD A . Data Points 28 Samples < 2018-07-01 12:00:00 AM | Custom  2018-07-31 11:59°59 PM > Get Data
PELSE DAAEER) [ savekPls |l Remove S MaE =
R _LABOQOGA - Laboratory airflow analysis Analytic Results .
UlMass Amherst = Integrated Science > Lab Zones Group - Lab Wing > 260 Lab - Biochemistry Severity: High
1500 — 0.000 From:  Thu Aug 02 2018 4:35:00 PM
To: Thu Aug 02 2018 8:20:00 PM
Finding: General exhaust flow is higher than necessary to
H'. '1 TN "1 I"" maintain minimum target air change rate considering
1600 — ﬁ r«‘ exhaust and cooling requirements. The air change
rate is 7.1 compared to the target of 6.
Probable Causes
1400 — Likelihood / Description
% I
y e e 5% - , _
General exhaust minimum flow set-points are too high for the zone to
1200 — I | meet the target air change rate
o Sat Jul 14 2018 07:23:53 PM 25%, _
g ® Denved Proposed General Exhaust Flow The zone airflow differential set-point may not be met
® Derived Total General Exhaust Flow 761440
1000 — 1,294 511 .
Asszetz  Configuration Parameters
Severity: High
General exhaust flow is higher than Assel Name Severity
necessary to maintain minimum target air 260 Lab - Biochemistry I -
800 — change rate considering exhaust and cooling o o
requirements. The air change rate is 5.9 V@M 061 Utility - General Building |
compared to the target of 4. 375 Lab Support - Chemistry [
500 ' 269 Lab Support - Chemistry [ ]
263 Lab Support - Chemistry I
058C Lab - Animal Care 1
355C Lab - Chemistry [ ]
400 | | | | | | | | | | | | | | | i
470 Lab - Veterinal
2. Jul 4. Jul 6. Jul 8. Jul 100 dul 12 Jul 14 Jul 16 Jul 18 Jul 20 Jul 22 Jul 24 Jul 26 Jul 28 Jul 30 Jul v =
483 Lab - Veterinary |
-8 [Left] Derived Proposed General Exhaust Flow (Lab Zones Group - Lab Wing = 260 Lab - Biochemistry) - Parameter Name. Oufputs. Proposed_General_Exhaust. .. 499R Circulation - General Building [
=4 [Left] Derived Total General Exhaust Flow (Lab Zones Group - Lab Wing = 260 Lab - Biochemistry) - Parameter Name: Ouiputs. Total_General_Exhaust_Flow - -
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MBCx can be used to
commission newly constructed
labs to help the Owner take
advantage of warranty periods.

New building commissioning is
usually performed through
trend review and one time
functional testing — MBCx
monitors the building and
systems through all hours of
operation.

At the end of the day — this
technology allows for a safer,
better functioning lab building
from the start.

4/17/2019

MBCx Results in PSB

Tracking

#

Description of Issue
Lab zone airflow differential set-

FCX Date of

Analytic Resolution

© 2021 B2Q Associates

Current Observed Operation / Set-points

Zones 038, 072: 50 cfm (positive)

overnight

5,6, 9, 10,| points not met. Some zones found Zones 121, 221, 165, 264, 265: 100 cfm
. e R_LABOOGC | 11/14/2018 .
11,12 |with positive airflow offset when (negative)
should be negative. Zone 064: 50 cfm (negative)
No fume hood sashes have been left open
16 Fume hood sashes left open R_LABOOIC | 11/9/2018 overnight above 30% position. Very limited

instances where hood sashes remain above
minimum for extended periods

Tracking

Impact ‘

# Description Details
Zone air change rate higher than 026 High Bay Lab: 10.2 ACH actual vs. 6.0 ACH design
1, 2,3 |design target; not due to cooling or |024 Electronics Assembly: 11.7 ACH actual vs. 6.5 ACH design Energy
fume hood ventilation demand 072 High Bay Lab: 7.0 ACH actual vs. 6.0 ACH design
- Lab airflow differential set-point not |166 High Hazard: -340 cfm actual vs. -100 cfm design Energy
' met 260C Cell Culture: -560 cfm actual vs. +100 cfm design Safety
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Monitoring-Based Commissioning (MBCx)

Helps EH&S & O&M staff maintain safe & efficient operating conditions.

Facilities Staff Environmental Health & Safety

* Informs on equipment and controls * Monitor air change rates, lab
performance, at the equipment and pressurization, and fume hood flows in
lab level real time, for any lab

* |dentifies & prioritizes worst * Notification of issues
offenders with analytics specifically . New tools for reporting lab HVAC and

tailored to lab control sequences fume hood performance

Quantifies potential savings for issues

found, considering interactive nature Research Staff & Pls

of equipment within each lab * Improved transparency for safety
Identifies likely causes and * High performing lab systems may
recommends corrective actions attract research candidates

4/17/2019
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How can Lab Safety
Coordinators Help?

* Take note of the lab environment
* Isthelab overly cold or loud?
* Are there lingering odors?

* Keep an eye out for hazards in the lab & notify
appropriate parties

* Encourage smart fume hood use and closing the
sashes

« Keep an open dialog with lab occupants and
encourage them to ask questions.
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BZQ Thank You!

A Woman Business Enterprise (WBE)

100 Burtt Rd. Ste. 212
Andover, MA 01810

Brad Newell — Project Manager

bnewell@b2gassociates.com ° ?
(503) 3053058 (Col uestions
(978) 447-5604 (Office) o

Chris Schmidt — Vice President, Principal
cschmidt@b?2gassociates.com
(603) 247-1575 (Cell)
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