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Who is Jacco

 Established 1968
— Hudson, Ohio
— Columbus, Ohio
— Toledo, Ohio

* Focused on the Engineered

Environment
— Systems Knowledgeable
* HVAC Systems
* Service & Maintenance
* Parts

* Full Circle Support
* 30 Minute Design
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Who is Jacco

*Operations Group
—Brenda Homjak
—Mike Spangler
—Chad Russell




Purpose Statement

The purpose of our Company is to solve our customers problems, in the most
economical way, at all times optimizing the owning experience.
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Who is Jacco

*30 Minute Design ‘
—Unit Performance \\

—Drawing

—Weights

—Electrical
—Specifications?
—Sequence of Operation?
—Cartoon?

—Narrative?
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Who is Jacco

2015 Seminars

Seminars Instructor

Psychrometrics JKC

The Refrigeration Cycle JKC

Energy Recovery GAD

Applied Rooftop Systems JKC

VRF Design & Installation GAD
Geothermal Systems GAD

Chilled Beam, Radiant Cooling & DOAS JKC
Vertical Market Systems GAD

Building Pressure & Air Flow Measurement GAD

Controlling HVAC Systems - Sequence of Operations JKC
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Agenda

Why Measure & Control Outdoor Air Delivery?
— Industry Updates
Analyze Alternatives:
—  Fixed Outdoor Air Damper Position = No Control
—  Static Pressure Control Strategies
—  AFMS Pressurization Airflow Control Strategies
Demand Control Ventilation

—  Outdoor Airflow Control Improves CO2-based
Ventilation Control Systems

Air Flow Measurement Technology
Why Ebtron?

Innovative ways Consulting Engineers are using Air
Flow Monitoring to Enhance Building Designs



Indoor Environmental Quality

Occupant Well-being

e Health
e Productivity

¢ Indoor Air

Quality (I1AQ) Risk Management

e Thermal
Comfort

e Liability

Facility Operations

e Energy
e Operations/Maintenance Expense




Airflow Measurement and IEQ
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Maintain Contaminants below Threshold Levels

= Reduce Contaminant Sources

e Select low VOC emission building materials, carpets, furniture, etc.

e Provide proper filtration (filter bank integrity, replace filters).

e Reduce conditions that favor mold and fungal growth in or near the
building envelope (leaks, improper building pressure).

e Avoid negative building pressure that transports unfiltered outside air into
the building prior to HVAC filtration.

e Reduce conditions that favor mold and fungal growth in the HVAC system
(maintain drain pans, maintain proper outside and supply airflow rates).

el Replace Contaminants with Outdoor Air

e Provide proper outside airflow rates to maintain contaminant levels within
the building below threshold levels.

=l Provide High Level Filtration when Necessary

e Filter specific contaminants of concern when outside air dilution
ventilation is not enough to maintain threshold levels.




Follow Industry Standards, Rating Systems & Codes

e Specifies outside airflow rates for
ASHRAE acceptable IAQ.

62.1 e Requires positive building
pressurization when dehumidifying.

e Mandates outside airflow
ASHRAE measurement on VAV systems.
189.1 e Requires quarterly verification of
IAQ Related Industry outside airflow rates.

Standards, Rating
Systems & Codes

e Currently awards 1 point for
outside airflow
measurement.

e Strict interpretation of ASHRAE
62.1 VRP requires specified
outside airflow rates are
provided for compliance.



ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

1. PURPOSE

1.1 The purpose of this standard is to specify minimum ventilation rates and

ther mez P o table t
P M gpecify minimum ventilation rates "

human oc

1.2 This standard is intended for regulatory application to new buildings,

additions to existin, . . ing buildings that
are identified in the regulatory appllcatlon

[new construction/additions]

1.3 This standard is intended to be used to guide the improvement of indoor
air quality in existing bu

guide

[improve existing buildings]



ASHRAE 189.1-2011

(Proposed addendum s)

Important Note: Addendum s is in its second and final public review stage.
Content variation with respect to airflow measurement is not substantially
different from the parent document except where noted on the following

slides.



(Proposed addendum s)

8.3.1.2 Outdoor Air Delivery Monitoring.

8.3.1.2.2 Monitoring Requirements. Each mechanical ventilation system

shall have a permanently installed device to measure the minimum outdoor

airflow, which meets the following requirements:

1. The device shall employ methods described in ASHRAE Standard 111.

2. The device shall have an accuracy £10% of the minimum outdoor airflow.
Where the minimum outdoor airflow varies, as in demand control
ventilation systems, the device shall maintain this accuracy over the
entire range of occupancy and system operation.

3. The device shall be capable of notifying the building operator, either by
activating a local indicator or by sending a signal to a building monitoring
system, whenever an outdoor air fault condition exists. This notification
shall require manual reset.

ion: Constant volume air supply systems that do not employ de
control ventilation and that use an indicator to confirm that the intake

damper is open to the position, deteg
cing, needed to maintain the d vs %




Pressurization Control Helps Meet the Intent of LEED
2009: Better Performing Buildings

Prerequisite or Credit Description \[® SCHOOLS CS
EA Prerequisite 1 Fundamental Commissioning Required Required Required
EA Prerequisite 2 Minimum Energy Performance Required Required Required
EA Credit 1 Optimize Energy Performance 1-19 points 1-19 points 3-21 points
EA Credit 3 Enhanced Commissioning 2 points 2 points 2 points
EA Credit 5 Measurement and Verification 3 points 2 points NA
IEQ Prerequisite 1 Minimum IAQ Performance Required Required Required
IEQ Prerequisite 2 ETS (tobacco smoke) Control Required Required Required
IEQ Prerequisite 3 Minimum Acoustical Performance NA Required NA
IEQ Credit 1 Outdoor Air Delivery Monitoring 1 Point 1 Point 1 Point
IEQ Credit 2 Increased Ventilation 1 Point 1 Point 1 Point
IEQ Credit 3/3.1 Construction Management Plan (constr.) 1 Point 1 Point 1 Point
IEQ Credit 3.2 Construction Management Plan (occup.) 1 Point 1 Point NA
IEQ Credit 6.2 Controllability of Systems - Thermal 1 Point 1 Point 1 Point
IEQ Credit 7/7.1 Thermal Comfort - Design 1 Point 1 Point 1 Point
IEQ Credit 7.2 Thermal Comfort - Verification 1 Point 1 Point NA
IEQ Credit 9 Enhanced Acoustical Performance NA 1 Point NA
IEQ Credit 10 Mold Prevention NA 1 Point NA

ID Credit 1 Innovation in Design 1-5 points 1-4 points 1-5 poings
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USGBC Member Approved November 2008

Updoted to reffect the /972011 document odends for the LEED 2003 for New Construction cod hsjor Rencvations Rating Syster

INDOOR ENVIRONMENTAL QUALITY (IEQ)
Credit 1: Outdoor Air Delivery Monitoring

Install permanent monitoring systems to ensure that
the ventilation systems maintain design minimum
requirements. Configure all monitoring equipment to
generate an alarm when the airflow values or carbon
dioxide levels vary by 10% or more from the design
values via either a building automation system alarm to
the building operator or a visual or audible alert to the
building occupants.

Monitor CO, concentrations within all densely
occupied spaces (those with a design occupant density
of 25 people or more per 1,000 square feet).

Provide a direct outdoor airflow measurement device
capable of measuring the minimum outdoor air intake
flow with an accuracy of plus or minus 15% of the
design minimum outdoor air rate, as defined by
ASHRAE 62.1-2007 for mechanical ventilation systems
where 20% or more of the design supply airflow serves
nondensely occupied spaces.



Public Review Version of
LEED (2012)

INDOOR ENVIRONMENTAL QUALITY

Building Design & Construction

Existing Buildings: Op
Neighborhood Development

public comment.

INDOOR ENVIRONMENTAL QUALITY (EQ)

EQ PREREQUISITE: MINIMUM INDOOR AIR QUALITY
PERFORMANCE

Required Monitoring

For variable air volume systems, provide a direct
outdoor airflow measurement device capable of
measuring the minimum outdoor air intake flow. This
device must measure the minimum outdoor air intake
flow with an accuracy of +/-10% of the design
minimum outdoor airflow rate, as defined by the
ventilation requirements above. An alarm must
indicate when the outdoor airflow value varies by 15%
or more from the outdoor airflow setpoint.

For constant-volume systems, balance outdoor airflow
to the design minimum outdoor airflow rate defined by
ASHRAE Standard 62.1-2010 (with errata but without

addenda2), or higher. Install a currer‘:“ans qucer on
the supply fan, an airflow switch, or sir*P/ar'mnitoring
CIC

device.
U



The IMC is a STRICT interpretation of the
ASHRAE Standard 62 Ventilation Rate Procedure

Updated: October, 2012

INTERNATIONAL MECHANICAL CODE ADOPTION MAP
The IMC is in use or adopted in 46 states, the District of Columbia, NYC, Guam, Puerto Rico

and the U.S. Virgin Islands.
INTERNATIONAL

MECHANICAL Samn -
CODE =

IMC

o CAHA
o afr I~
N\ ~
Y £ »
e

vt

IMC adminstersd at he stats andior local level

SECTION 405
SYSTEMS CONTROL
405.1 General. Mechanical ventilation systems shall be provided with
manual or automatic controls that will operate such systems whenever the
spaces are occupied. Air-conditioning systems that supply required
ventilation air shall be provided with controls designed to automatically
maintain the required outdoor air supply rate during occupancy.


http://www.google.com/aclk?sa=l&ai=CXiNIzYSqUJSxKozO8wSRwoDABtfzmeIC94DshDjX7qqtjAEIBhACKAhQ9v2J-AFgybbAjNik7BGgAdXjue8DyAEHqgQiT9C2mc-E0omMwo4chWhKFmIgc6I8w-nCtJ9ognbqVndmxboFEwj-gKzH3tuzAhURGZwKHbBRAAXABQXKBQCgBibgEs-q3uLMtdz2SQ&ei=zYSqUL7mJ5Gy8ASwo4Eo&sig=AOD64_17WCcK0EX3K1X4W44Fk79GcB2GpA&ctype=5&sqi=2&ved=0CIcBEPMO&adurl=http://www.contractorresource.com/2012-international-mechanical-code-imc.html?gdftrk=gdfV23114_a_7c937_a_7c4500_a_7cICC_3300S12

ALL OA Intake Systems
Require Measurement with Control

f Pressure

Changes

Damper
Issues

Intake Flow

Rates

(Fixed Min or
DCV)



Intake Flow Rate Variations

Damper Issues Pressure Variations




Cumulative Uncertainty on Non-controlled Intake Flow
Rates During Minimum or DCV* Operation

Damper Fan Speed UYfie) <
Stack
Issues Changes
Pressure

e 25% or more e Proportional to e 25% or more
Fan Speed
Reduction

* DCV Uncertainty is most critical at minimum and maximum expected populations.



% of Minimum Setpoint
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% of Minimum Setpoint

Wind &

Stack
Pressure

Hysteresis + 15 mph Cross Wind
15% Damper Open
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Pressure
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The Logical Conclusion ..

Damper Issues
000060

Control

Fan Speed Monitor Outside

XEXXXX ] Outside
Airflow

Airflow

Wind & Stack
0 000 .‘

On ALL OA Intakes



Building Pressurization




ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

5.9.2 Exfiltration. For a building, the ventilation system(s) shall be designed
to ensure that the minimum outdoor air intake equals or exceeds the
maximum exhaust airflow.

Note: Although individual zones within a building may be neutral or negative
with respect to outdoors or to other zones, net positive mechanical intake
airflow for the building as a whole reduces infiltration of untreated outdoor
air.

The OA intake airflow shall exceed the exhaust
airflow to maintain a net positive mechanical
intake airflow to limit dirt/moisture migration.



Negative pressure is an IEQ nightmare!




Mechanical Cooling




High Dew Point Regions
Percentage of year that the dew point exceeds 65 F

5 year hourly dry bulb and dew point analysis

<1% 1% to 5% 5% to 10% 10% to 20% 20% to 30% 30% to 40% 40% to 50% 50% to 60% 60% to 70%

Data provided to EBTRON courtesy of the Forecast Institute, Inc.



Annual Gallons of Water Transported Across the Building

Envelope for every 1,000 CFM of Negative Airflow
First 30 of top 50 US Cities by Population (2000 Census)
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Avg. Daily Gallons of Water Transported Across the Building
Envelope for every 1,000 CFM of Negative Airflow
(when outdoor conditions specified exist)
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Airflow Measurement and IEQ

ACCU RACY COUNTS!!!



Typical AP Transducer Error

Performance Data

Thermal Effects™
Compensated Range °H(°C)

== 7ero/Span Shift %FS/°F(°()
Maximum Line Pressure
Overpressure

Air or Non-Conducting Gas

e Model 264
Very Low Differential Pressure Transducer

Unidirectional Ranges: 0-0.1to 0-100in. W.C.
Bidirectional Ranges: 0-+0.5to0 0-+50in. W.C.

=== | 0N Term Stability

Standard Optional
== Accuracy” RSS(atconstanttemp) +1.0%FS  F04%FS £0.25% F5
Non-Linearity, BFSL +0.96%FS  +£038%FS £0.22% FS
Hysteresis 0.10%FS  0.10%FS 0.10% FS
Non-Repeatability 0.05%FS  0.05%FS 0.059%FS

0to +150 (-18 to +65)
0.033 (0.06)

10 psi

Up to 10 psi

(Range Dependent)
0.5% FS/TYR




% F.S. Dilemma with AP Devices

Full Scale Pressure of AP Sensor
0.30 +

% F.S. AP
Error

Full Scale of Application

e
1
1
1
1
1
1
1
I
1
1
1
1
1
1

Turn-down of Application

Pressure (in.w.g.)

___________________ / Full Scale Velocity
_______ T T ‘ T T T T T T T T T T T T T T T T T T T T T T T T T
0 250 500 0 1000 1250 1500 1VOOO 2250

Uncertainty

Velocity (FPM)

0.00




VAV Tracking Example

sem fsensorss

Total SA flow: 100,000 CFM DP sensor: 0to 0.25 in.w.g., 1 % F.S.

ACFM Setpoint: 10,000 CFM Flow probe: Averaging pitot array

Building Pressure Desired: 0.02 in.w.g.

Pressurization Flow: 5,000 CFM
Local Exhaust: 5,000 CFM DP sensor located in mechanical room
Max Turndown: 40% Setup temperature: 70 °F

SA Duct Area: 55.5 ft Operating temperature: 100 °F, 1 year

RA Duct Area: 56.7 ft? after startup

Calculated Velocities:
Max velocity SA duct: 1,800 FPM DP Sensor:

Min velocity SA duct: 720 FPM Total Accuracy = Accuracy + Temp Effect + Drift
Max velocity RA duct: 1,500 FPM 1%F.S.+1%F.S.+% %FS. =2 % %F.S.

Min velocity RA duct: 500 FPM Airflow Measuring Device:

3% of reading



Pitot Array and Transducer

Tracking Uncertainty
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Pitot Array and Transducer

Building Pressure
0.3

0.25

0.2 <

0.15 Sho

-
[
B e XY "y

Airflow (CFM)

0.1
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How did we come up with this?

# Determine the uncertainty of a 1%, 0 to 0.25 in.w.g. pressure
transducer and pitot array at 500 FPM and 100 °F after 1 year?

1. Calculate the velocity pressure for 500 fpm:

V=4005 \j/p, — ( )=pve
p..= (500/4005)?=0.0156 4005 '

2. Determine the transducer uncertainty % F.S.:

1% F.S. (out of box) + 0.033% F.S./°F - 30 °F + 0.5% (1 year drift) = 2.5% F.S.
3. Determine the transducer uncertainty in in.w.g.

2.5% - 0.25=0.00625 in.w.g.

4. Calculate the velocity after biasing the nominal pressure by the pressure

uncertainty and reapplying the equation above (in this case the negative
uncertainty)

V = 4005 - sqrt(0.0156 — 0.00625) = 387 FPM or -22.6%

5. Add the array uncertainty (in this case we used 3% of reading)
Total Uncertainty = sqrt(22.6%?2 + 3%2?) = 22.8%



VAV Tracking Example

sem Jsensorss

Total SA flow: 100,000 CFM DP sensor: 0 to 25 in.w.g., 1 % F.S.
ACFM Setpoint: 10,000 CFM Flow probe: Piezo-ring
Building Pressure Desired: 0.02 in.w.g.
Pressurization Flow: 5,000 CFM Test Conditions:
Local Exhaust: 5,000 CFM DP sensor located in mechanical room
Max Turndown: 40% Setup temperature: 70 °F
Operating temperature: 100 °F, 1 year
Fan Throat Velocities: after startup
Max velocity: 10,000 FPM
Min velocity: 4,000 FPM

DP Sensor:

Total Accuracy = Accuracy + Temp Effect + Drift
1% FS.+ 1% FS.+ % % FS.=2% % F.S.

Airflow Measuring Device:
5% of reading



Piezo-ring and Transducer

Tracking Uncertainty
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Piezo-ring and Transducer

Building Pressure
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VAV Tracking Example

spem sensorss

Total SA flow: 100,000 CFM EBTRON Thermal Dispersion System (£2%
ACFM Setpoint: 10,000 CFM of reading sensor accuracy)

Building Pressure Desired: 0.02 in.w.g.
Pressurization Flow: 5,000 CFM Test Conditions:

Local Exhaust: 5,000 CFM

Transmitter located in mechanical room

Max Turndown: 40% Setup temperature: 70 °F

SA Duct Area: 55.5 ft? Operating temperature: 100 °F, 1 year

RA Duct Area: 56.7 ft? after startup

Calculated Velocities:
Max velocity SA duct: 1,800 FPM System:

Min velocity SA duct: 720 FPM Installed accuracy: +3% of reading

Max velocity RA duct: 1,500 FPM
Min velocity RA duct: 500 FPM



ESTNSd a measureable difference!

Tracking Uncertainty
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ESTNSd a measureable difference!

Building Pressure

Airflow CFM
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Indoor Environmental Quality

ESTINDGN

Demand Control Ventilation



ASFRAE &2

ASHRAE 62-1989 VRP

“Comfort (odor) criteria are likely to be satisfi o pate is set
so that 1000 ppm CO, is not exceeded.” O

ASHRAE 62-1999 and 2001 VRP

“Comfort (odor) criteria with respect to hu
satisfied if the ventilation results in indoor CC
ppm above the outdoor air concentration.”

ASHRAE 62-2004 to present

All references to specific CO, levels removed -



CO, DCV ...

e Qutside air dampers or fans are modulated to
maintain the space CO, level.

* CO, levels are often associated as a direct

indication of indoor air quality — the lower the
better.

— Not true. Space CO, levels rarely exceed 2,000 ppm.
CO, does not become a contaminant until levels
exceed 5,000 ppm.

— CO, is simply an indirect method to estimate the
outside air CFM/person entering the space.

— There are NUMEROUS assumptions made that affect
how CO, DCV impacts IAQ.



ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

What'’s needed?

1. Real-time population estimate of the zone (P,)
2. Heating/cooling mode to determine E,
3. Outside airflow measuring device to measure V,,

4. Controller to calculate V , and maintain setpoint:
Vot = {Rp | Pz + Ra | Az}/Ez



ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

Single zone and multi-zone with single zone recirculating systemes,

radiant panels or chilled beams (not valid on multi-zone recirculating
systems).

6.2.4 100% Outdoor Air Systems. For ventilation systems wherein one or
more air handlers supply only outdoor air to one or more ventilation zones,

the outdoor air intake flow (V,,) shall be determined in accordance with
Equation 6-4.

v

ot

= zo:ll zonesVoz (6'4)

5.V, (outdoor air intake flow) is equal to the sum of
all vV,



ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

Single zone 100% outside air systems

=p>
<

OA—EX =Q,
ﬁ.}j

o
Q .' P SA

=

OA

EX

Note: In most DOAS systems E, = 1 (tempered air)



ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

Single zone 100% outside air systems

What'’s needed?

1. Real-time population estimate of the zone (P,)
2. Outside airflow measuring device to measure V.,

3. Controller to calculate V_, and maintain setpoint:
Vot = {Rp | Pz + Ra | Az}/Ez

Note: In most DOAS systems E, = 1 (tempered air)



Single Setpoint CO, DCV

COZ DCV (1,000 sq.ft. classroom)
*Assumptions: Steady-state, N=10,951, OA CO,=400ppm, no sensor error or bias

|
A constant CO, level (ex. 1,000 ppm) & 1200
450 -
== 1000
400
s B
é 350 200 g
300 —
3 7
T 250 600 —
< 3 OA CFM Provided
§ 200 © - CO2 Setpoint
*g 150 I 400 g
o N., &
100
- Would result in this outside airflow to the space*
, B O

0 5 10 15 20 25
Number of People



ASHRAE 62.1 Requirements

COZ DCV (1,000 sq.ft. classroom)
*Assumptions: Steady-state, N=10,951, OA CO,=400ppm, no sensor error or bias

. . L
Corresponding CO, level for compliance* s = "
450 !
- 1000

400 =
s - 3
é 350 > | 200 g

300 —
g g
T 250 / 600 —
< ” 3 —— ASHRAE 62 Vbz
5 200 1 bt ——C02 Level*
] ~ - 400 g
> 0 @)
o \ (4

y A
0
) ASHRAE 62.1-2010 V,, = R, - P, +@
S N—
0 0
0 5 10 15 20 25

Number of People



OA AMD/CO, DCV

Reset OA airflow setpoint to maintain space CO, level

COZ DCV (1,000 sq.ft. classroom)
*Assumptions: Steady-state, N=10,951, OA CO,=400ppm, no sensor error or bias

o [ [ -———————ﬁé—UseAMDtoIimitmaxOA
350
_—

S —— ASHRAE 62 Vbz
/ OA CFM Provided

150
100 'évjf‘{- === ====—d== Use AMD to limit min OA

Outside Airflow (CFM)

0 5 10 15 20 25
Number of People



OA AMD/CO, DCV

Reset OA airflow setpoint to maintain space CO, level

Control loop Limit Voser Within

YES=={ determines New sl  min and max

Is Cineas OUtSIde
Ciget + deadband?

VOset settings
|
r = Setpoint used for OA loop== == == J

Run PID Loop and

YES====l-| update output to
damper or fan

IS VOmeas OULSIdE
VOt * deadband?




ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

Multi-zone with single zone recirculating systems, radiant panels
or chilled beams (not valid on multi-zone recirculating systems).

What'’s needed?

. Real-time population estimate of each zone (P,)

. Damper (or terminal box) and an airflow measuring
device to measure V_, at each zone.

. Controller to calculate V_, and maintain setpoint at
each zone:
Voz = {Rp } Pz + Ra | Az}/Ez

Note: In most DOAS systems E, = 1 (tempered air)



ASFRAE ©2.1-2010

(Includes Addenda a, c, d, and e to 62.1-2010 published in the
2011 Supplement to 62.1-2010)

Multi-zone
ecirculating Systems

Viore complicated!




Method #1: Counters or schedules

Outside Airflow Measuring Device

Zone Airflow Measuring Devices

Occupancy counters or scheduled occupancy
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Method #2: Total supply CO, / Zone Airflow

Outside Airflow Measuring Device g

Supply Air CO, Sensor Zone Airflow Measuring Devices
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Method #3: Space CO, / Zone Airflow

Outside Airflow Measuring Device

Zone Airflow Measuring Devices

Space Mounted CO, Sensors
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Method #4: Maintain total return air CO, level

Outside Airflow Measuring Device l :

Return Air CO, Sensor J
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Method #5: No zone to exceed specified CO, level

Outside Airflow Measuring Device

Space Mounted CO, Sensors
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Method #6: Zone airflow only (thermal load only DCV)

Outside Airflow Measuring Device

Zone Airflow Measuring Devices

Maximum occupancy estimate for zones
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Classroom Example
1.2 Mets, 400 ppm outside CO2, 0 ppm space CO2 sensor uncertainty

2,000

1,800

1,600
m SACO2

1,400

i Single zone CO2 pop. est ALL zones

=
N
o
o

B Maintain return air CO2 level fixed

1,000

mm No zone to exceed a fixed CO2

800 setpoint

Outside Air (CFM)

m Load only DCV using design
population

== ASHRAE 62.1-2010
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Scenario 1 Scenario 2 Scenario 3 Scenario 4
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Outside Air (CFM)

3,000

2,500

2,000

1,500

1,000

500

Classroom Example

1.2 Mets, 450 ppm outside CO2, +100 ppm space CO2 sensor uncertainty

Scenario 1

Scenario 2

Scenario 3

Scenario 4

m SACO2

i Single zone CO2 pop. est ALL zones

B Maintain return air CO2 level fixed

mm No zone to exceed a fixed CO2
setpoint

m Load only DCV using design
population

== ASHRAE 62.1-2010
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Outside Air (CFM)

1,800

1,600

1,400

1,200

1,000

800

600

400

200

Classroom Example

1.2 Mets, 350 ppm outside CO2, -100 ppm space CO2 sensor uncertainty

Scenariol Scenario2 Scenario3 Scenario4

m SACO2

i Single zone CO2 pop. est ALL zones

B Maintain return air CO2 level fixed

mm No zone to exceed a fixed CO2
setpoint

m Load only DCV using design
population

== ASHRAE 62.1-2010
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Anatomy of a Healthy Building

Key Airflow Measurement Locations

Supply/Return Air at each AHU

(single pressure zone systems - duct
measurement preferred)

Outside Air Intakes _
Supply/Return Air at

each Floor (multi-floor
systems)

Supply/Return (or Exhaust)

Air at each Room (room
pressurization)
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Technology Comparison



Technology Comparison
Ebtron Signal vs. AP and Vortex Shedding

2.500 - 0.30
1 0.25
2.000 +
2 1 020 2
TN 2 .
a 1 5
= 015 &
=]
o) 1 o)
S 1.000 1 SXC’:;X 5
< e n
g ne 0.10 §
< 1 \ )
0.500 + AP (pitot arrays) -
1 (velocity pressure) '
0.000 =1 l l l l l l [ 0.00
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Airflow (fpom)

Ebtron’s technology has the best sensitivity at low airflows
Outdoor Air Intakes typically 150 to 600 fpm velocity

67



Technology Comparison

Thermal Dispersion has the Best Sensitivity at Low Airflows

2.500 r 0.30
1 Outdoor Air Intakes typically
| 150 to 600 fpm velocity 0.95
2.000 +
T Thermal
~ Dispersion
% P 0.20
S 1500 + 219 310 fpm
3
5 0.15
@)
— T Vortex
§ 1.000 Shedding
3 0.10
<
T \AP (pitot arrays)
0.500 _ (velocity pressure) 0.05
— 0.003” w.c.
0.000 F—=—=r=——m1_ . . . . . . . L 0.00

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Airflow (fom)

Sensor Output (in.w.g.)



Pitot Tubes and Arrays

Air Monitor Corporation, FAN-E
Averaging Pitot Array
Stations with Honeycomb

_———

1222

R 3

Trane, Traq Damper
Combination Pitot Array &
Dampers

N

Pitot-static Tube

Terminal Box Flow
Ring/Cross

Averaging Pitot Array
Probes

“'ﬂi

\

Ruskin, IAQ-50
Combination Pitot

Array/Damper with
Honeycomb



FETNd a measureable difference!

Application Assessment

Acceptable Does not meet Meets Meets
limit not met minimum minimum suggested
(not placement placement placement
recommended) locations but locations (field locations (set
exceeds verification of it, verify

acceptable some type operation, and

limit (may suggested) forget it)

required field
adjustment)



ESTNSd a measureable difference!

Go: Where to place probes

Between Duct Fittings

l Optimal | '
Locatlorm
l of

: Probes 1
|

Z is in multiples of equivalent diameters (L + W)/2 based on up and
downstream disturbances in ducted systems



FETNd a measureable difference!

Go: Where to place probes
Outside Air Intake Applications




FETNd a measureable difference!

Go: Where to place probes
Outside Air Intake Applications

v a ) — S———
. a r — e e e




ESTinsd a measureable difference!
The Real-world: Locating Probes

What to expect for “Best”

Meets
suggested
placement

locations (set
it, verify
operation, and
forget it)

Field adjustment is NOT recommended

Look for system/verification issues if verification
techniques indicate inaccuracy

“Out-of-the-box” installed accuracy should be equal
to or better than + 3% of reading



—

ESTinsd a measureable difference!
The Real-world: Locating Probes

What to expect for “Good”

Meets
minimum
placement
locations (field
verification of
some type
suggested)

Field adjustment should not be required in most
cases

“Out-of-the-box” installed accuracy should
approach or equal £ 3% of reading (3 to 5% for
outside air intakes close coupled to louvers or
hoods)



—

ESTinsd a measureable difference!
The Real-world: Locating Probes

What to expect for “Fair”

Does not meet
minimum
placement
locations but
exceeds
acceptable
limit (may
required field
adjustment)

AMD can be field adjusted, if airflow rate
verification warrants, to fulfill the requirements of
most applications

Verification should be done at two airflow rates for
variable air speed applications or one point for
single air speed applications

Reading may fluctuate more than in Good or Best
locations but the average should be reliable.

No statement of “out-of-the-box” installed accuracy
can be made



FETNd a measureable difference!

Startup

¢ Actual placement/installation

Inspect ¢ Wiring/AMD functionality

* Method to confirm performance

S =Lzl e Balancer’s verification method,
instrumentation and technique

® Based on a sound
verification technique (next
slide) — understand
uncertainties

Verify

* Only when you are certain
the airflow measuring
device is inaccurate




FETNd a measureable difference!

Verification Methods

=] Best

e Compare to EBTRON in closed loop (requires low leakage dampers)

ey Good

e Compare to EBTRON in same path (requires low leakage dampers)

e Compare to calibrated handheld equipment at airflow rates and locations suitable for
the device

e Fair

e Compare to sum of calibrated handheld equipment or hoods at multiple locations at
airflow rates and locations suitable for the device

meed POOT

e Compare to improperly applied or calibrated handheld instruments
e Compare to fan curves based on fan speed and pressure drop
e Compare to temperature mixing methods (OA)




UuT

ESTNSd a measureable difference!

When you must adjust

One-point Gain Adjustment

UuT

Valid because response
intersects zero

REFERENCE

One-point Offset Adjustment

/ REFERENCE



ESTNSd a measureable difference!

When you must adjust

Two-point Offset-Gain Adjustment

UuT

Required because
response does not
intersect zero

t / REFERENCE



FETNd a measureable difference!

Making Adjustments

g Field-cal Wizard (Gold & Hybrid)

e Transmitter prompts user for one or two point adjustment. Reference
airflow rates are directly entered in transmitter by user when
measurements are taken. Transmitter samples and automatically
makes offset/gain calculations.

Enter Slope and Intercept (Gold & Hybrid)

e Slope and intercept calculated by user is entered in transmitter.

Live Adjustment (Gold and Hybrid)

e Pushbutton offset/gain adjustments are made in real-time by
comparing reference airflow rates to LCD output.

sl At Host Control System (Gold, Hybrid or ELF)
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Why Choose Ebtron?



Ebtron History

Leader in commercial HVAC airflow measurement for 25+ years

Introduced our first microprocessor-based thermal dispersion
airflow meter in 1986

Moved to Loris, SC (20 mi from Myrtle Beach) in 1994
Advantage product line introduced in 2001 5%
~75 employees and a 5 building campus

80+ representatives

84



Ebtron = Support & Training

Our Representatives — excellent pre-sale & post-sale support

Factory Support
— Tested, Proven Installation Guidelines

— Application Assistance (Inside Sales)

* Review building drawings & recommend products & placement upon
request

* Review all incoming orders over S5K
— Dedicated Technical Support Group

Product Performance & Reliability
Industry-Leading Educational Programs
— ‘Bring-A-Guest’ Seminars

— ‘Lunch & Learns’
— Webinars

85



FETNd a measureable difference!

Reliability

e True percent-of-reading airflow accuracy from 0 to 5,000 FPM
e NIST traceable 16 point airflow & temperature calibration
e Highest sensor density of any airflow measurement device

e Superior bead-in-glass thermistor probes (waterproof design)
e Microprocessor-based transmitters with high performance ADC
e Industrial rated integrated circuits and gold plated interconnects

e Fused and protected power and signal circuitry
e UL and BTL tested and listed — 3 year standard warranty

e |solated analog, RS-485, Ethernet and Lon output options
e Combination output cards on Gold Series transmitters
e Airflow, velocity weighted temperature and alarm outputs

e \Watchdog timer circuitry ]




ESTNCa Thermal Dispersion Technology

Velocity

ower\ KA[EHC (%‘Oﬁ o /

AT

Q=7

—_ TA)

Bead-in-glass
thermistor probe

Zero-power
thermistor

Self-heated
thermistor
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EBTRON Standard
NIST IUT
Airspeed | Output 5;:5:2:?&
(VNIST), | (VIUT), v, [%]
[fpm] [fom] :
115.92 | 116.03 1.43
175.58 | 175.83 1.09
219.59 | 219.83 0.81
268.35 | 266.31 1.18
316.32 | 314.61 1.03
366.59 | 365.41 0.82
419.39 | 417.92 0.76
462.72 | 462.39 0.67
506.95 | 506.91 0.71
744.49 | 743.96 0.68
1035.1 | 1033.5 0.73
1190.7 | 1187.8 0.67
1438.0 | 1434.1 0.67
17725 | 1765.7 0.65
2050.1 | 2040.6 0.64
2488.3 | 2476.0 0.64
2986.9 | 2975.0 0.67
3382.5 | 3367.2 0.68
3984.5 | 3963.2 0.70
4988.1 | 4959.6 0.67
5990.8 | 5965.3 0.88
6979.2 | 6941.6 0.87
7993.3 | 7937.7 0.65

!’
STy

performance matters!

Typical Production Unit Calibration Report

OO O =W =0

—4 -1 4 1 1
OOk WMN = OO

Ref

0.00
116.89
157.40
227.43
333.64
453.03
577.73
740.80
943.69

1153.84
1414.55
1678.59
2024.89
2409.37
3342.61
4941.23

UuT

-0.01
117.18
157.34
227.89
331.39
447 .86
574.96
737.85
940.25

1165.31
1402.48
1687.86
2008.12
2399.48
3340.49
4923.32

Error

0.3
-0.1
0.5
-2.3
-5.2
-2.8
-3.0
-3.4
11.5
-12.1
9.3
-16.8
-9.9
-2.1
-17.9

Error%

0.3%
0.0%
0.2%
-0.7%
-1.1%
-0.5%
-0.4%
-0.4%
1.0%
-0.9%
0.6%
-0.8%
-0.4%
-0.1%
-0.4%



% Change

ESTINCAV long term stability!

EBTRON Bead-in-glass Thermistor

Long term stability

2.0%

1.5%

1.0%

X

0.5%

KX

X
0.0% ¥

XRK XX
XXX
Pa%e’ 3
XX X
XK
XK
X K

-0.5%

-1.0%

-1.5%

-2.0%
-4000 -3500 -3000 -2500 -2000 -1500 -1000 -500

Days



ESTNGId the @0 standard!
GTx116-P Duct & Plenum Probes

304 SS Mounting Brackets

Durable FEP Plenum Rated Cable
Positive Locking Cable Plug w/Gold Pin Interconnects
Yo g g

6063 T6 Gold Anodized Aluminum Alloy Tube

Sensors are individually wired and
soldered using Kynar® coated wire
inside the probe housing

Individual Sensors use two stable bead-in-glass Sensors are potted using a marine

thermistors for accurate and stable grade waterproof expoxy
measurement




ESTRNCHN the 0L 10 standard!
GTx116-P Flexible Mounting Options

Stand-off Mounting

Insertion Mounting

=y

Internal Mounting




ESTRNey the 0 ) standard!

A3¢=0@) MR Lo MEASUREINETT SOLITION



ESTiNCHd the @010 standard!
GTx116-P Superior Transmitter Design

Over-voltage and over-
current protected

switching power supply
Easy to use pushbutton

interface for custom S
configuration (not e
required) and diagnostics ‘

Powerful 32- bit
microcomputer with 32
channel precision volt

: meter
Gold-plated PCB i i
interconnects, plug and ‘ ]
receptacle pins




ESTRNey the 0 ) standard!

GTx116-P Unsurpassed Connectivity Choices

GTC116-P (Standard)

Two field selectable 0-5, 0-10 VDC or
4-20 mA isolated outputs

One field selectable RS-485 BACnet
MS/TP or Modbus-RTU output

GTM116-P

Two field selectable 0-5, 0-10 VDC or
4-20 mA isolated outputs

One field selectable Ethernet BACnet
I/P or Modbus TCP output

GTL116-P
Lonworks

GTD116-P

USB thumb-drive datalogger, logs
average airflow and temperature
plus airflow and temperature
readings of individual sensors with
time stamp




ESTCH the 0L 0 standard!
GTx116-P Added Functionality

Connect to network for
airflow and temperature
data (avg. and individual
sensors) + status & alarm)*

O_UTPUI
&
Use the EB-Link Reader with
optional EB-Link IR card to
retrieve individual sensor
airflow and temperature data
(stores up to 32 locations — USB

interface)

Use pushbutton and LCD
interface to setup
network parameters

e

* GTX116 RS-485 Shown



ESTiRCa Small Duct Option

Hybrid Series HTx104-P
GTx116-P/HTx104-P Comparison

GTx116
Transmitter

HTx104
Transmitter

HTx104-P is designed for small ducts
(approx. 4 ft? or less) or larger duct
applications that do not require out-of-
the-box installed accuracy
* 4 sensors max.
Uses same probe technology as Gold
Series
Same as Gold Series with the following
exceptions:
* Uses DIN receptacles and plugs
without gold plating
* Only available with dual analog
output signals OR RS-485 (no plug-
in cards)
* No EB-Link option
Slightly lower cost for same size duct
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ESTiNCid Specialty Measurement
Hybrid Series HTx104-U

0-2,000 FPM, 3% of reading accuracy (typ.)
Airflow and Temperature Measurement

Available in 8” or 16” probe lengths

RTU OA Intakes (3 to 12.5 tons)

Desiccant Wheel ERVs <48”
R R\ 2 ; Q

LA




ESTinCad Small Round Duct Options

HTx104-T and ELF

0-3,000 FPM, calibrated in duct sized wind tunnels, 3% of reading installed accuracy (typ.)
Specifically designed for small round ducts and terminal box applications

HTx104-T/ELF Comparison

* Both use —T probes specifically designed
and calibrated for round ducts < 16”

\ * Both HTx104-T and ELF are available

HTx104-T ‘ with an RS-485 BACnet option

/ * HTx104-T transmitter can be remotely
mounted, ELF cannot be

* HTx104-T has more power and signal
protection than ELF

* ELF base version only has airflow output
only (no temperature)

* ELF does not have an LCD display or
pushbutton user interface

* ELF has a significantly lower cost
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Innovative Solutions
Real Applications
That Other Engineers Utilize Ebtron



Ebtron Products Save Time & Money

* Reduces set-up costs
— Simple product installation

* Installed by Controls Contractor not the Mechanical Contractor
— Start-Up Procedure

* No ‘K’ factors or ‘pressure-to-velocity’ conversions
e Turn Power Switch to ON ... done

— TAB goes from calibration to verification (when installed per guidelines)

@65 sive

P Start-Up Procedure

' OWER
la | cmm DU OF Step 1: Turn Power ON
eoe <« = @'@ '

EBTRON

Step 2: Replace Cover
o )




Ebtron Products Save Time & Money

* Free Temperature Output (Gold)
— Saves material and installation costs of a temperature sensor
(S125+ Savings)
— Excellent Accuracy (+/- 0.15°F)

| BAS || OUTZ  *OUT2 can be sat :
<an asan
Two Analog Outputs | INTERFACE | TP anaig Terparreor |
| || oUT 1 OR  anslog Alamm output. Alam
NP @00 T AIRFLOW  ALARM b i
1. AIr‘fIOW l BAS ETHERNET ||DLITF"UT QUTPUT ::ﬁtgzaum;:;:;om |
@65 e | F || SIGNAL  SIGNAL |
2 fy L _ L4y 4y
2. Temperature oUTPUT _@ie R
: CAUTION" WOt 3 - : . . CAT S OR _ SHEELDED ﬁ ITRANSFDRMER |
b @Y @ Euun}'r:;?’ér T:;T\E:If:nmﬂ Q | 24 V?SEF J;i::—gﬂ HZ |
~ - (siFRmOEvY EURRLEDEV] ™ | o e |
I T, LINE
t: | VAC J |
e
- L]— - __1J
fehek i
EREE IR
EI 2 D:N: =
Ol asaos | :powes i |©
| oumPUT ¢ DEWAC M
GTM116
TRANSMITTER
T T T 1]

1
SENSOR PROBE
CONMECTORS



Arithmetic vs. Weighted Temperature Example

Measurement Location: Mixed Air Stream

Velocity Profile (FPM) Temperature Profile (°F)
1646 1431 1418 1426 82.4 81.1 80.3 80.4
1184 1195 1217 1024 70.6 69.9 69.8 68.0
783 561 685 788 60.3 59.9 60.1 61.9
519 445 358 460 49.8 49.9 51.0 49.7
777222722 8877 Arithmetic Average: 65.3 °F
Weighted (true) Average: 70.1 °F
i Difference: 4.8 °FSingle Pressure Zone with Minimum
T ——— OA Control
;ﬂ.; _J:A
RE PID &

(aro)

OA PID Building




CURRENT PRACTICE

AHU S5YSTEM CONTROL

== i H

e
OA o —.— .
5
1 1
| = =
7 |
NPT QLTPLTS:
TR M TR — Do —— SLFPLY e YD
— swmmwnnsarsas == COMNTROLLER i smmme:
T T e b T i AT
TS A TR = e (TR DT
Fod &F T ™| = M- DT
—l T — e VAR TR Y
| o — LT
m T —]
(LY AR
TR DA

A

\

AACHET | LOA | MODUS | FTHERMET

Figure 1. Current Practice — AHU System Control
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NEW OPPORTUNITY

AHU SYSTEM CONTROL

X _ |
e L)
=t .
0OA >F.‘ : @ Hi > SA
== ok
B e
L —] CONTROLLER | tswisanan -
A= L
A

/\

EBACRET | L0 | RO DES | CTHERMET

Figure 2. Cost-Effective Solution — AHU Sysiem Conirol



What about Fan Arrays

......

One Drive Controls Multiple Fans?
' \Q Micro Drive Back To A PLC?






Mounting Options:

v'Throat

- vFace

v’ Forward




INDIVIDUAL FAN ALARMING METHODS

MINIMUM User defined minimum FPM or CFM

User defined % deviation from median FPM
DEVIATION

or CFM of all fans

% deviation from maximum velocity stored
% MAXIMUM

of each individual fan

The Fan Alarm is available via the network or by assignment
of the alarm to the second analog output, AO2, on GTC108
and GTM108 models. Fan failure on the analog output can
be determined by the magnitude of the output signal (fan 1
failure = 10% of F.S., fan 2 failure = 20% of F.S., etc.)



Example
ems | CostAdd | Piezoing____| EBTRON Fan Aray

Ring S50 per fan $400.00

Transducer $200 per fan $1600.00

Current Donut S50 per fan S400.00

ATC Alarms Points S 600 per fan $ 4800.00 $1000.00
$7,200.00 $3,512.00

Better Performance
No Yearly Calibration




-F Fan Inlet Specifications
Range: 0-10,000 fpm

Airflow Sensor Acc’y: +/- 2% of the reading
+/- 0.25% repeatability

Temp Sensor Acc’y: +/- 0.15 °F

Environmental: -20 to 160 °F
0 to 99% RH, non-condensing

Size Ranges: 11 to 64 inches

Plug & Play: No matching of probe to transmitter
Calibration data stored in cable’s memory chip

Cables: Plenum rated, PVC jacket
10 ft. standard, 50 ft. maximum

110



Face-Mount: No Fan Performance Effects

Reference CFM

16000

I
Open Inlet <« Screen
14000 \/

Ebtron Face-Mount (//7/‘
12000 /

10000
\ e Open Inlet
Pitot Fan Inlet —= EBTRON Only
8000 —a— Screen Only
// —»— EBTRON+Screen
—x— Pitot Array Onl
6000 Y Y
/ *This test data, conducted on a 24 inch plenum fan,
4000

shows no effect in fan performance with the EBTRON
/ face-mount configuration.
2000 *Note that the inlet screen and pitot array

significantly affected fan performance.

o T T T T T T !
0 10 20 30 40 50 60 70

Fan Speed

111




A more cost effective Bleed Sensor!
* SB1 compatible

* Two analog output signals

* Contact closure alarm




Bi-Directional, Low-Flow Sensor Specifications

Range: -3,000 to 3,000 fpm
bi-directional

Airflow Sensor Acc'y: +/- 2% of the reading

+/- 0.25% repeatability

Measures Flow
instead of
Pressure to

Ensure/Calculate

Temp Sensor Acc’y: +/- 0.15 °F

Environmental: -20 to 160 °F Zone or Bldg.
0 to 99% RH, non-condensing Pressurization

Outputs: Velocity (can convert to equivalent pressure)

Plug & Play: No matching of probe to transmitter

Calibration data stored in cable’s memory chip

Cables: Plenum rated, PVC jacket
10 ft. standard, 50 ft. maximum

113



-B Bi-Directional, Low-Flow Airflow Sensors
For Measuring Differential Pressure Between ‘Zones’

MONITOR LOW PRESSURE

Use to verify pressure differentials by
determining the pressurization flow
between spaces or across the building
envelope

EBTRON optional Through-Wall kit shown.
Protect from rain or snow by providing a rain

hood or louver (by others) on exposed outdoor
walls.

CONTROL DAMPERS

Assure proper airflow direction across
relief dampers (supply/return fan system)
or recirculation dampers (supply/exhaust
fan systems)

Sensors can also be used to determine
airflow across many intake louver

configurations (consult EBTRON for flow rate
requirements).

MAINTAIN UNDER FLOOR PRESSURE

Use bleed airflow to maintain stable
pressurization with under floor systems
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-B Bi-Directional, Low-Flow Sensor
for Under Floor System Control

Conduction through

Supply plenum
R raised floor

Concrete slab Floor diffuser
Raised floor
Airflow and
Temperature Probes
] o & ¢
| BB B

Conduction through
slab from return below
(multi-story buildings)

7 / -

o N

[

MAINTAIN UNDER FLOOR PRESSURE:

Use the bleed sensor to monitor the UFAD pressurization flow. Using a GTX-116 airflow (through the
BAS) and a simple reset PID control loop, reset the flow (800 to 1200 fpm nominal) to incrementally

increased and decreased the UFAD supply damper flow to meet the bleed sensor(s) nominal velocity
for stable under floor control.
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Original Data Center Designs
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Directional Perf (Directional Airflow Perforated Panel)
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Fan Assisted Cooling
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Future Data Center Des

Hot / Cold
Containment

Representative Data Center With Containment




Central Air Handler System

Equipment Racks
on a Non-Raised

Internal Wall
Air Distribution

Floor

120



EBTRON Airflow Stations & ‘Bleed’
Ensure Proper SA & RA Flow and Temperature

=

a]b Open 'Chimn:ey
Return Stack
Return

ﬂ Server Racks \

Gold Series
Probes to Measure
Supply & Return

Cold Aisle

-
Flow and Temp — Bleed Sensor
— measures
Under-floor AP and Hot
Hot SA Temp Aisle
Aisle —

i

N
)




Future Data Center Designs
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Total data center power 1

PUE
IT equipment power Site infrastructure efficiency

*Understand their Language for Data Centers (Owner & Consulting Engineers)

*Ebtron sensors can be utilized as alarms for existing & smaller data center designs

*Ebtron sensors can be utilized as an alarm and control points for Hot/Cold Aisle Containment

*Ebtron’s Velocity Weighted Temperature Control point is unmatched and saves the client money

*Ebtron’s Bi Directional Flow Meters provide the client with the most reliable and stable system for underfloor
applications.

Protect Your Equipment!
Compare the Ebtron Cost to Cost of the Servers




EBTRON ELF (Electronic Low Flow)

Airflow Ranges: 0-500 fpm
0-1,000 fpm
0-2,000 fpm
0-3,000 fpm

Accuracy: +/-3% of the READING

Input: 24 VAC
Voltage Output:  0-10/2-10 VDC
0-5/1-5 VDC

Outputs (units):  Airflow (fpm)
o L Equivalent Velocity Pressure
Factory-Mounted Controls (for controllers designed to take a AP input)

e Ebtron Electronic Air Flow

Stations Duct Sizes: 4 to 16 inches

e Customer Provided Controls
e Factory Controls

Ideal for lab/operating/isolation room airflow tracking and accurate VAV box measurements
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Pvel=Ptotal Pstatic

V= 2500 x \/Em

+/-% of Reading Error Comparison
Pressure Transducer Drift Effect vs. Ebtron ELF

AP Devices EBTRON
@1,250 fom | @750 fpm | @400 fpm ELF
Start-Up 0% 0% 0% 3%
Year 1 2.0% 5.7% 21.9% 3%
Year 2 4.1% 11.8% 53.2% 3%
Year 4 8.4% 25.5% Error%* 3%
Year 6 12.8% 42.2% Error%* 3%

AP Assumptions:

0 error at start-up

0.5% F.S./yr pressure transducer drift
2” w.c. pressure range

k =2,500 fpm (‘amplifying’ flow cross)

*>100% Error - Airflow cannot go negative

Airflow Measurement

VAV Box (by others)

Wil
<
0
473
o

]

AN

Actuator
(by others)

Ebtron ELF Outperforms Today’s VAV Box
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Ebtron ELF: Labs

Enéineers take into effect all the factors that can contribute to leakage and
specify a differential airflow based on an estimated leakage rate or target for which the airflow

rates are adjusted =

S "

n&bj r‘;- g [/ ki

8|
|

: f[1¥
!‘“..
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Pressurization is a key factor in controlling room airflow patterns in a health care facility.
Engineers take into effect all the factors that can contribute to leakage and

specify a differential airflow based on an estimated leakage rate or target for which the airflow
rates are adjusted
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Exciting New Alliance!

TWO PREMIERE MANUFACTURERS
ONE EXCEPTIONAL PRODUCT

ADVANCED THERMAL DISPERSION
AIRFLOW MEASUREMENT SYSTEM
AND DAMPER

A\I22=0) i Few IEASUREINETT SOLUTION



TRIMNCCEBTRON®

ANIR=0@) mim o0 IEASUREIVETT SOLYTION

AIR-1Q
SMART-SOLUTION

You provide us with the:
* Opening size

* Damper series

* Mounting application
* Access requirements for probes

We build your unit with the:

v" Optimal probe sensor density
v’ Ideal probe placement

v Appropriate sleeve style

BENEFITS

Satisfy ASHRAE 62.1, 189.1 & 90.1
Obtain LEED points
Improve indoor air quality
Save energy

Reduce maintenance costs

APPLICATION

Outside air intakes
Floor return airflow tracking

AHU return & bypass flow
measurement

|:|:-: Non-ducted application
Ducted application

Minimum distance to trailing
edge of intake louver



LONG-LASTING AND ACCURATE PERFORMANCE
for fresh air mm‘,nd schaust applications

¥ MAINTENANCE-FREE




Energy Recovery Ventilation
Air Flow Solutions

OA Air Flow
Probe

OA Plenum

SA Plenum

RA Plenum

——

f

Wheel Sensor

EX Air Flow
Probe

Energy Recovery Efficiency Correction Cure

Energy Recovery Air Vol Ratio _ Exh AirVol
Efficiency (%) (K Factor) Supply Air Volume
" ‘o ERV ENCLOSURE
o SHETETHES R T '7CRITICAL VIEDIA
09 DRI-1000-A WHEEL FACE TO
2 SENSOR PROBE
%%f&e%ﬁsf ARFLOW DISTANCE:
T T T 0.50"t0 1.00"
< 80 i (12.7 —=25.4 mm)
= 0.8 - S-110 PROBE ¥
2  {— - T
g - :i_ ERV WHEEL 4
w
& 70 07
=
| / i
g i
fin] i SUPPLY AIR
= / i OUTSIDE AIR
5 TR 0 e EET R s
£ 60 / 06 7
o
U / %/
/ r RE.IRN AlIR
50 7// 05 Q‘U\US‘[ AR g

40 50 60 70 80 90

Original Exchanges Balanced Efficiency (%)



L

Outside Air>

< e

Energy Recovery Ventilation

OA Plenum OA Air Flow
-/ 11N
—

Y )

\" o
\ SA Plenum

RA Plenum

—
‘*—"7_—*—

EX Air Flow

Probe Wheel Sensor

| e

Energy Recovery Efficiency Correction Cure

Energy Recovery AirVolume Ratio _ Exhaust Air Volume
Supply Air Volume

Efficiency (%) (K Factor)

Air Flow Solutions

2 Analog Outputs

In ERV mode, place a flow probe on each side of the

wheel (supply air and exhaust air streams)

Helps solve 2 main issues with HRV’s/ERV’s
*Setup the airflow balance on each side of
the wheel airflow balance is key to wheel
efficiency
*Helps to maintain the desired balance (or
offset) during the HRV/ERV’s life

Q0

80

70

=

Corrected Exchanges Efficiency (%)

60

50

NN

AN
NN

%

40

60

N

o

80

Original Exchanges Balanced Efficiency (26)

. *Detects dirty filters
/ *Detects clogged wheels
0.8 VAC
l INTAKE AND EXHAUST AIRFLOW DATA BUILDING AUTOMATION SYSTEM
| ERV CONTROL SUBSYSTEM
0.7
ERV
HTx104-E ConTROL
0.6 TRANSMITTER ERV SYSTEM ENCLOSURE 7/
N E e 9,1{ i INSUEATION ©
o EBTRON o E . INTAKE AIR PLENUM
»{ e ARFLOW
| BRACKETS | ‘ I
0.5 . ERV DESICCANT ,f;y/w&m o
o N ""‘.ff ’ i A— —
1 1 1 ¥ + -) :
EXHAUST AIR PLENUM
20 — Y4 :

/o
/
*INSTALL SENSOR PROBES 0.25 - 0.75 IN (.35 — 12MM) FROM ERV MEDIA FACE



Economical Airflow

Measurement
e Universal insertion and stand-off
mount

* Ideal for small rooftop unit OA
measurement (in hood or ducts)

* Perfect for ERVs

* Can be applied in most classroom
unit ventilators

* T probe compatible (ELF with
display)

 Two analog output signals

* Contact closure alarm




SERVICE




Economizer 5 2- 10 VDC
Controller il Proportional
(by others) 1 Actuator

(by others)

HSS = Enhancer Output
Unoccupied Economizer < 2.0 VDC = Econ. Output




CENSus’

BACnet/Analog Room Occupancy (ie People) Counter

*|[R-based device to count people as they enter & exit a
room

*First release is for interior single zones (ie classroom
or movie theater) with one or two doors

*Combine with the outdoor airflow measurement for
real-time DCV

*Result: Energy Savings with DCV that meets the ‘Spirit
& Letter’ of the building codes and standards

Looking for BETA Test
Sites!




CENSus’

Application Criteria

* Designed for spaces with a design of 15 or more occupants.
* Doors/Openings must meet specific criteria (first version).

— 36” width maximum

— 7 ft. height maximum (other heights are being evaluated)

— Door must open away from counter (limits applications if
counter is in high traffic hallway).

— Door closers must not cross the plane of the sensors.
* Requires door mounted sensor.
— First release will be for single doors.

— Not recommended to replace occupancy sensors for
lighting control.




CENSus’
How it works

Two thermopiles measure
thermal signature and event
time

A high speed microprocessor
with ADC processes signalsin —>
real-time

Entry event thermal signature

Focus slots

energy

Exit event thermal signature

time




Alrilow Transmitters

GF-A2000 (accepts up to 2 probes & 2 total sensors)

LCD Display

® G @
-—
Avg. Airflow or Airflow 1
Common 24 VAC Hot
Avg. Temp. or Airflow 2 Ground

N.O.

Alarm c
ommon



ALRT-200

ALRT-100

Alarms and Bridges

ALRT-200

* Programmable remote display

* Visible and contact closure alarm

* Analog to RS-485 bridge (BACnet
and Modbus)

ALRT-100

* Visible (LED) and contact closure
alarm accepts 0-10 or 4-20 mA
signal



AutoCAD Library

REVISIONS.
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PRODUCT SYMBOLS - PLAN VIEW

AIR FLOWMEASUREMENT STATION
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SCHEDULE

APPLICATION DETAILS

AIRFLOWMEASURING STATION

00l
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EBTRON GOLD SERIES WITH
C DENSITY PROBE AND GTx118

TRANSMITTER WTH 4-20ma
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PROBES AND TRANSMITTER BY EBTRON

4 VAC

AIR FLOW MEASUREMENT STATION
PROBES AND TRANSMITTER BY EBTRON
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Agenda

.  Why Measure & Control Outdoor Air Delivery?

Il. Analyze Alternatives:
A. Fixed Outdoor Air Damper Position # Control
B. Supply Air — Return Air # Outdoor Air

I1l. Outdoor Airflow Control Improves CO2-based
Ventilation Control Systems

V. Outdoor Air Delivery Design Guidelines
V. Selecting Outdoor Airflow Monitors

VI. Applying for LEED 2009 IEQ Credit 1, Outdoor
Air Delivery Monitoring

GBCI Course ID: 0090007822



Benefits of

Measuring and Controlling
Outdoor Air Intakes




Proper Ventilation Helps Ensure a Comfortable,
Healthy, & Productive Indoor Environment

Benjamin Franklin
On Fresh Air, 1785
“| considered (fresh air) as an enemy and closed

with extreme care every crevice in the
rooms | inhabited.

Experience has convinced me of my error. | now look upon fresh
air as a friend. | even sleep with an open window.

| am persuaded that no common air from without, is so
unwholesome as the air within a close(d) room that has been
often breathed and not changed.”

Letter from Benjamin Franklin to Dr. Ingenhaus physician to the emperor in Vienna

Quote found in Real Estate Law (Thomson/Southwestern) Jennings, 2008 & 2005: pg 229,
Chapter 10: Commercial Leases: Condition of the Premises — The Sick Building Syndrome

AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 4




Ventilation Standards and Codes

 ASHRAE 62.1, Ventilation for Acceptable IAQ

— Designers must choose compliance under one procedure
from Section 6.

 Ventilation Rate Procedure

— A prescriptive, ventilation rate based procedure that specifies
breathing zone outside airflow rates based on space
type/application, population and floor area.

— Typically selected by engineers and owners
* Indoor Air Quality Procedure

— A subjective procedure, often requiring expensive and sophisticated
monitoring equipment.

— Not all contaminants of concern may be recognized or monitored,
thus exposing occupants to risk.

— Not recognized by LEED 2009 for Mechanically Ventilated Systems!

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 5
GBCI Course ID: 0090007822



Ventilation Standards and Codes

* International Mechanical Code (IMC)

— Strict compliance with the ventilation rate procedure
(VRP) of ASHRAE 62.1

e Current version has adopted 62.1
* |IMC does not recognize the 62.1’s IAQ Procedure

* Most, if not all, jurisdictions reference older versions of IMC

— Prior to 2004, IMC’s ventilation standard only included the per
person ventilation portion and did not include the per ft2 ventilation

rate

— Presents a conflict for designers since older versions reference the
standard prior to 2004. Ventilation rates were calculated differently
at that time.

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
GBCI Course ID: 0090007822



Controlling Outdoor Air Intakes Ensures
Compliance to Ventilation Codes and Standards

 Measurement & Verification provides
documented proof of compliance

e Cannot control what is not measured

* QOutdoor Air Delivery Monitoring is required or
recommended by:

ASHRAE 62.1 in VAV Systems

LEED 2009

* Local Statutes like Minnesota 123B.71 — Schools

ASHRAE 189.1




Controlling Outdoor Air Intakes Prevents

Wasted Energy Caused by Over-Ventilation

* |ssues with
Fixed Damper
Setpoint
Position

* [naccurate
CO2 Sensors
 Damper Link
Slippage

* Wind

 EtcC.

Wasted
Energy

Excess

. Unnecessar
Outside y

A Cooling/ What'’s the
"’. Heating cost to
Entirlng Load & condition
the . 1 1 cfm of
Building Humidity excess
OA/yr?
~$2-$3?

Bringing in more outside air than predicted costs $’s

300 cfm of extra outdoor air can cost $600-$900 or more per year!

AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A



Outdoor Air Delivery is the Key to
Maintaining Building Pressurization

* Pressurization Flow — Delivering more outside air into the building
than is being exhausted

» Only the mechanical ventilation system can pressurize your building

T Local Exhaust(s)

Pressurization

Flow
AHU Intake

AHU Exhaust

Net Building Pressure = Pressurization Flow = In - Out

UTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 9



Control Building Pressure to Reduce
Contaminants

Negatively pressurized buildings use the building envelope as
the first stage of filtration!

Contaminant Sources:

- school bus loading areas

- sewer vents

- exhaust air from the school
- loading docks

- garbage receptacles

- boiler or generator exhausts
- mist from cooling towers

Building Interior Building Exterior

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 10
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Control Building Pressure to Reduce Mold

Mold growth may occur in negatively pressurized buildings when
the outside air dew point is greater than 65 °F

Elevated humidity levels
approach saturation within
the building envelope and

promote mold growth

%
‘: Negative Pressurization

®  Flow
pS

Building Interior Building Exterior

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
GBCI Course ID: 0090007822
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Control Building Pressure to Reduce Mold

Mold Growth Potential

Percentage of time that the envelope humidity can exceed 70%*
[‘“*?rh‘““ 5 year hourly dry bulb and dew point analysis
i

o

. In TN, Conditions are
Favorable for

- A Mold Growth
20-30% of the Time

/ ' A (~91 days per year)

<1% 1% to 5% 5% to 10% 10% to 20% 20% to 30% 30% to 40% 40% to 50%  50% to 60%  60% to 70%

* Based on an indoor temperature of 74 F and an outdoor dew point >= 65 F
Data provided to EBTRON courtesy of the Forecast Institute, Inc.

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 12
GBCI Course ID: 0090007822



Annual Gallons of Water Transported Across the Building
Envelope for every 1,000 CFM of Negative Airflow
First 30 of top 50 US Cities by Population (2000 Census)

1,000
900 1 In Nashville, ~¥310 gallons
800 || of water per year enter the
200 building for every
5 N 1,000 cfm of negative
S o004 airflow
=
S 500 I (~3.4 gallons per day)
c — —
o
= 400 -
8 I ]
300 - ] _
200 -
100 - 1
0*‘ l!‘ J‘!‘l!‘l!‘lrjw T T T T T
E 2 5 22 £ 2 £ 82 8312 Eg&s 2 22 o8 2 3 ¥ 9 2 g7 3
.Qs*gm'gggo(:wo_ggé 860830958‘“>—9‘—°8€§
=535 §3<::8§x"\gprFsg=85_235¢86z5%56°¢
TT ¢ s 02 =/ °gg£gao 5”2 3§ 280 =
2 S5 7)) = g X o £

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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Building Pressure Is Key to Indoor Environment Quality

Net Positive Building Pressure
will result in a
Net Drying Effect
when outside dew points are
elevated
& help prevent infiltration of OA

Relative Humidity << 60% contaminants

&)
"o

Building Exterior

=)
-

Building Interior

Recommendation: Keep Building NET POSITIVE

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 14
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Outdoor Air Control Helps Meet the Intent of

LEED 2009: Better Performing Buildings

Prerequisite or Credit Description \[® SCHOOLS CS
EA Prerequisite 1 Fundamental Commissioning Required Required Required
EA Prerequisite 2 Minimum Energy Performance Required Required Required
EA Credit 1 Optimize Energy Performance 1-19 points 1-19 points 3-21 points
EA Credit 3 Enhanced Commissioning 2 points 2 points 2 points
EA Credit 5 Measurement and Verification 3 points 2 points NA
IEQ Prerequisite 1 Minimum IAQ Performance Required Required Required
IEQ Prerequisite 2 ETS (tobacco smoke) Control Required Required Required
IEQ Prerequisite 3 Minimum Acoustical Performance NA Required NA
IEQ Credit 1 Outdoor Air Delivery Monitoring 1 Point 1 Point 1 Point
IEQ Credit 2 Increased Ventilation 1 Point 1 Point 1 Point
IEQ Credit 3/3.1 Construction Management Plan (constr.) 1 Point 1 Point 1 Point
IEQ Credit 3.2 Construction Management Plan (occup.) 1 Point 1 Point NA
IEQ Credit 6.2 Controllability of Systems - Thermal 1 Point 1 Point 1 Point
IEQ Credit 7/7.1 Thermal Comfort - Design 1 Point 1 Point 1 Point
IEQ Credit 7.2 Thermal Comfort - Verification 1 Point 1 Point NA
IEQ Credit 9 Enhanced Acoustical Performance NA 1 Point NA
IEQ Credit 10 Mold Prevention NA 1 Point NA

ID Credit 1 Innovation in Design 1-5 points 1-4 points 1-5 points

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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LEED 2009, IEQ Credit 1
Outdoor Air Delivery Monitoring

NC SCHOOLS CS
Credit IEQ Credit 1 IEQ Credit 1 IEQ Credit 1
Points 1 Point 1 Point 1 Point

Intent: To provide capability for ventilation system monitoring to help promote occupant
health and well-being.

Requirement: Generate an alarm via either the BAS to the building operator or a visible
or audible alert to the building occupants when values are more than +/-10% of design.

MECHANICALLY VENTILATED SYSTEMS

Low Occupant Density Spaces (under 25 people per 1,000 sq.ft.)

— When 20% of more of the design supply airflow serves non-densely
occupied spaces, provide a direct outdoor airflow measurement device
capable of measuring the minimum outdoor air intake flow rate with an
accuracy of +/-15% of reading.

High Occupant Density Spaces (> 25 people per 1,000 sq.ft.)

— Provide a CO, device within all high occupant density spaces.

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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mmmmmm
the Deaign of
High-Pesformance

- Standard 189.1-2009

8.3.1.2 Outdoor Air Delivery Monitoring

8.3.1.2.1 Spaces Ventilated by Mechanical Systems.

A permanently mounted, direct total outdoor airflow measurement device shall be
provided that is capable of measuring the system minimum outdoor airflow rate.
The device shall be capable of measuring flow within an accuracy of £15% of the
minimum outdoor airflow rate. The device shall also be capable of being used to
alarm the building operator or for sending a signal to a building central monitoring
system when flow rates are not in compliance.

Exception: Constant volume air supply systems that use a damper position
feedback system are not required to have a direct total outdoor airflow measurement
device.

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 17
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Fixed
Outdoor Air
Damper Position

=
Control




What is ‘Fixed Outdoor Air Damper Position’?

*During ‘Occupied Mode’, the Outdoor Air Intake Damper goes
to a pre-determined ‘% Open’

*This method of ‘control’ is unfortunately used by an
overwhelming majority of new and existing buildings

S O
II“::|II i o [ \ i)
\) \

i\

Return/

Recirculation I\} \
Damper _"‘d

\ —
Supply Fan "':d \

Louver

NN / Outdoor Air Intake Damper
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Fixed Damper Position # Control

Fixed Damper Setpoint Position is:
* Determined by ‘Test And Balance’ during initial
commissioning

« Based on the minimum design airflow (i.e. building
codes or ASHRAE 62.1)

* ‘% Open’ kept throughout the building’s life
 Rarely ever re-checked (i.e. retro-commissioned)

L Outdoor Air Intake Damper
'\III I":EI f\.l'u_ "'EI /

I

S
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Fixed Damper Position # Control

Sources of
Outdoor Air Intake Uncertainty with
Fixed Damper Position

Damper Hysteresis

— Damper/Actuators don’t always go back to the exact same position

Wind Effect
Stack Pressure
Conditions at Time of Commissioning



Damper Hysteresis Test:
Damper ‘Position” # Desired Airflow

Step 1: A ‘Fixed Damper Position’ (15% open) was selected and the resulting
airflow was recorded. This airflow will be the target (shown as 100% on the chart)

Step 2: Damper was moved fully open, then back to the damper setpoint position
(15%) and the airflow measurement was taken (shown in red on the next slide)

Step 3: Damper was closed. Then, moved back to the damper setpoint position
(15%) and the airflow measurement was taken (shown in blue on the next slide)

Supply Fan

Outdoor Air Intake Damper

L
NN N /
Return/ T
Recirculation \
Damper i\
“-‘I;j
™
W
I v
W)

AN

N T

] —

N T
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Damper Hysteresis Test Results:
Position # Desired Airflow

Damper Hysteresis Test Results — Still Air
110%

| . . . Full-Open then to
00 U ————— TS 1<) (o011 0| o 3o T ([l WQ 7Y
E s 90%* . . o ¢ Closed then to
2 3 0% - Setpoint Position (15%)
O x
‘S < 70% -
X
60% -
50% ‘ ‘ ‘
1 2 3 4

Run Number (30 samples/run)

-Damper/Actuators don’t always return to the exact desired position
-What is the airflow on Day 2 of operation (ie after the damper is closed at night)?
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% of Desired

Wind Effects Outdoor Ai

r Intakes

Damper Hysteresis Test Results — 15 mph Cross Wind

110%
100% === ===m ==
90% - *

80% - ¢ ¢

Airflow

70%

60% ¢

50%

Run Number (30 samples/run)

What if the wind blows directly
at the damper?

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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Full-Open then to
4 Setpoint Position (15%)

Closed then to
! Setpoint Position (15%)
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Stack Pressure Effects Outdoor Air Intakes

R

GBCI Course ID: 0090007822

-&

Stack Effect in Winter

Warm air in the
building rises pushing
out on the outdoor air

damper

Question:
Will a damper setpoint
position selected In
the winter be valid in
the summer?



Fixed Damper Position # Control

Damper Setpoint Position Depends on
Conditions at Time of Commissioning

Sz =

nat is wind speed?

natist
natist
natist

natist

ne wind direction?
he indoor temperature?
ne outdoor temperature?

ne damper hysteresis effect?



Solution:
Control Outdoor Intakes With Airflow Monitors

Damper Under Active Control - Light & Variable Wind

110%

(11107 - S DU L S +

90% -

% of Desired
Airflow

70% -

60%

50% | | ‘

Run Number (30 samples/run)

Requires Accurate & Stable Airflow Measurement
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Why Measure OA

when
Measuring SA & RA?




Supply Air — Return Air # Outdoor Air

 LEED 2009 IEQ-1 and ASHRAE 189.1 say to:

‘Provide a Direct Outdoor Airflow Measurement Device’

 Numerous systems assume that SA-RA = OA,
so OA is calculated, not measured

 Small errors in the SA or RA measurements
result in large OA calculation error (see the
following example)



Directly Measure Outdoor Air Even When
Measuring Supply & Return Airflows

Balancer’s
Reading is
5% low

Balancer’s
Reading is Air Balance
5% high Report

SA: 100,000 cfm
RA: 90,000 cfm
OA: 10,000 cfm

x

=3 TINA
FBTRO

OA CFM

‘/J.S mitiv

Monitor Only
No Control

501
CFM

* SA — RA = OA uses the difference between two large airflows to calculte OA
« Small errors in measure SA & RA lead to large errors when calculating OA
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Overcome Issues with
CO2-based Ventilation Control

Using Outdoor Air Delivery Monitoring
& Control




2 Issues with CO2-based Ventilation Control

* Always want enough outdoor air entering the

building during occupied mode to maintain building
pressurization

 (CO2readings only indicate per person ventilation rates
Vipz = Rﬁ P _l_

 Never want to bring in more outdoor air than
desired

* Inaccurate or ‘drifting’ CO2 sensors may ask for more than
necessary outdoor air
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Use Airflow Monitors to put ‘Bounds’ on
CO2-based DCV's Airflow Adjustments

700

600 -

500 -

Outside Air CFM

200 -

Single Classroom

Assumptions: Steady-state, N=0.31, Sensor Uncertainty=+-0 ppm,
OA C0O,=400ppm

400 -

300 -

Airflow Rate Upper Threshold Limi
(based on max airflow req’d by 62.1)

eshold Limit
(based on 62 ls fRa» Az))

5 10 15 20 25 30 35 40

Total Population
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Outdoor Air Control

De5|gn Gwdelmes




Outside Air Intake Guidelines

Follow these basic rules for success:
— Select and apply airflow measuring devices suited for the measurement
of intake flow rates.
 Make certain the flow meter can measure the outdoor air intake flow rates

* Make certain that the flow rates are high enough to control and are not
affected by transient wind gusts (> 150 FPM at minimum [ 200 FPM
preferred] )

— Select and size quality control dampers.

* Use high quality, extruded aluminum blades, with long-lasting and non-
binding linkage

— Implement a control strategy that optimizes the performance of the
system

e Use the right sequences and slow it down!
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Outside Air Intake Guidelines

Turbulence in the mixed air plenum from fans and
dampers can result in false airflow readings.

Do NOT measure airflow rates downstream of the intake
damper or near the mixed air plenum!

/ Recirculation Damper
/ Full size OA Damper

°.®

el

C®
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Outside Air Intake Guidelines

Always place the airflow measuring station UPSTREAM
of the intake damper.

/D///
|




Outside Air Intake Guidelines

Consider using Min/Max dampers to improve
measurement and control of OA intake

max. damper as max. damper flow rate approaches 0 FPM as a

i OA intake flow rates may not be accurately determined on
result of wind effect on AMD!

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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Outside Air Intake Placement Guidelines

12 in.

¢ = damper blade width

c’\q==:=|.
\ =h

AIRFLOW. 6 in.
/ \ 157.4 mm
L —— — -] .
o€ Probe(s)
L—— — -]
O €— Probe(s)
12 in.
04.8 mﬁl
6 in. z
6 in. 157.4 mm z
157.4 mm =<
| 6 in. ¢
157.4 mm |E E|E El
o P— ¢ = damper blade width L1
\q===. 3 ¢ = damper blade width
AIRFLOWI N R

L/]

==\
o] 3

™~

Probe(s)

A

Probe(s)

NN\

Important: Actual plenum depth should be
determined based on louver data and maximum
airflow rates to minimize water carry-over into the
intake system.

AIRRFLOW
LRFOVy,

Guidelines shown are for one manufacturer
Not typical for all airflow monitors

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A 39
GBCI Course ID: 0090007822



Selecting & Specifying

Outdoor
Airflow Monitors




What’s important?

1.

_________________________

GBCI Course ID: 0090007822

Suitability for Application
a) Desired Airflow
b) Minimum Placement Guidelines

. Total Installed Accuracy

Repeatability (i.e. Long-Term Stability)
a) Long-Term Drift
b) Recommended Calibration Interval

Application Support
Cost

Reliability

Ease of Installation
Service and Support

_______________________________



Technology Comparison

Thermal Dispersion vs. AP vs. Vortex Shedding

2.500 0.30
1 g 0.25
2.000 -+ d
0 S
§ + Thermal 0.20 z
< 1.500 1 Dispersion ~—~—, <
= T 0.15 &
=}
S 1.000 -+ " Vortex 5
§ + Shedding 010 §
. 1 n
< 1 d » \ 1
0500 | AP (pitot arrays) | 0.08
/ (velocity pressure) |
0.000 ] ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1 0.00
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Airflow (fpm)

Thermal Dispersion has the Best Sensitivity at Low Airflows
Outdoor Air Intakes typically 150 to 600 fpm velocity
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Applying for LEED 2009
IEQ Credit 1: Outdoor Air Delivery

Monitoring
Example: Office Building




Example: Applying for LEED 2009 |IEQ 1

Office Building R
Single-Zone || || ™ = | = | =

4,800 SF — LN ==
22 People i =7 )
L ® 7

T s

N NN =

. /|.\.
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LEED 2009 IEQ Credit 1 Template

LEED for New Construction: Design

IEQ CREDIT 1: OUTDOOR AIR DELIVERY MONITORING

Ail fizlde and uploads are required unfess otherwize noled.

A Licensed Professional Exemption (LPE) is available for Professional Engineers in lieu of providing plans, drawings,
information on AHUs, and confirmations that monitors are installed and programmed appropriately.

Select one of the following:

(" Streamlined Path: LPE (PE). (:)
@ Full Documentation.

S

Select all that apply to the project building:
X The project building is mechanically ventilated, in part or in whole.
[ The project building is naturally ventilated, in part or in whole.

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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LEED 2009 IEQ Credit 1 Template

IMECHANICAL VENTILATION

Upload a completed ASHRAE 62.1-2007 calculator OR a local version of the

calculator that is at least as stringent as the ASHRAE version. Upload —

Select all that apply to the project building:
X Project building contains non-densely occupied spaces

| Project building contains densely occupied spaces

NON DENSELY OCCUPIED SPACES

Upload a controls drawing sample showing the outdoor air flow measurement

devices that serve non-densely occupied spaces. Upload Files: 0

Complete the table below for all mechanical ventilation systems where 20% or more of the design supply airflow serves non-
densely-occupied spaces.
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LEED 2009 |EQ Prerequisite 1 Template

LEED 2009 for New Construction and Major Renovations
IEQ PREREQUISITE 1: MINIMUM INDOOR AIR QUALITY PERFORMANCE

Project # 1000009390 Building F

All fields and upfoads are required unless ofherwise nofed.

Select all that apply to the project building:

[X The project building is mechanically ventilated, in part or in whole.
[~ The project building is naturally ventilated, in part or in whole.

[ The project building is mechanically conditioned, in part or in whole.
[T The project building is naturally conditioned, in part or in whole.

REQUIRED SIGNATORY
The project meets Sections 4 through 7 of ASHRAE 62.1-2007, Ventilation for Initial here:
Acceptable Indoor Air Quality.

VENTILATION
SYSTEMS
DESIGNER

USGBC_EBT_OUTDOOR_AIRFLOW_CONTROL_IMPROVES_BUILDINGS_R4A
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ASHRAE 62.1-2007 Outdoor Air Calculation

Step 1: Determine Calculation Variables

System = Single-Zone
Constant Volume

Function = Office Space

Per Person Vent Rate (R)) = 5 cfm/person

Per SF Vent. Rate (R,) = 0.06 cfm/ft?

Floor Area (A,) = 4,800 ft?

Zone Population (P,) = 22 people

Step 2: Determine Breathing Zone Outdoor Air Requirement (V,,)

Vi, =R, P, + R, *A,
V,,=(5*22) + (0.06 * 4,800)
V,, =398 cfm

Step 3: Determine Zone Ventilation Effectiveness (E,)

E, = 1.0 per Table 6-2 in Standard 62.1-2007
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ASHRAE 62.1-2007 Outdoor Air Calculation

Step 4: Calculate the Zone Outdoor Airflow (Voz)
Voz = Vbz / Ez
V,,=398/1.0
V,, = 398 cfm

Step 5: For single zone systems, Calculate the Outdoor Air Intake Flow (Vot)

Vot = Voz
V= 398 cfm



LEED 2009 IEQ Prerequisite 1 Template

I MECHANICAL VENTILATION

[ Mechanical ventilation systems are designed using local code, which is more stringent than the ASHRAE
Standard 62.1-2007 Ventilation Rate Procedure. {Optional)

Complete the following table for each mechanically ventilated space in the project building.

Table IEQp1-1. Ventilation Rate Procedure

Rp ‘ Occupant
Densi
AHU Zone Occupancy Category | (cfm/ ( d::sf) ity ::‘zﬂ (:f?nzl Ez (::"f} Ev (:f?r:)
person) ‘ Default #/1000sf
RTU-1 1 Office Space G 0.06/[T Yes 4 58 4800 39792 1 39792 1 39792
Add Row Delete Row

Norte: Refer to ASHRAE Standard 62.1-2007 Venfilaion Rate Frocedure and ASHRAE 620MZCalc spreadshest for defailed definifions and calculation
procedures

Table IEQp1-2. Qutdoor Air Flow
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LEED 2009 IEQ Credit 1 Template

Select all that apply to the project building:
[X Project building contains non-densely occupied spaces

[ Project building contains densely occupied spaces

NON DENSELY OCCUPIED SPACES

Upload a controls drawing sample showing the outdoor air flow measurement

devices that serve non-densely occupied spaces. Upload Flles: 0

Complete the table below for all mechanical ventilation systems where 20% or more of the design supply airflow serves non-
densely-occupied spaces.
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Template — Sample Schematic — OA AFMS

OA
AFMS
s W
L [ |
I

— s
ﬁ-m—ﬂﬂ " H H
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Template — Sample Control Sequence - OA

RTU-1
Sample Sequence of Operation

2. Occupied Mode:

a. The suppiy fan shaii operate continuousiy.

b. Minimum outside air: When the supply fan is started, the minimum
outside air cycle shall be in control. The outside air damper shall
modulate to maintain the minimum outside airflow setting as
measured at the airflow measuring station.

c. Supply air temperature: .

Unoccupied mode: .

Alarms and reports: The following events shall send an alarm signal to

the BAS:

a. When the minimum OA measurement at the airflow measuring
station falls below 10% of the minimum OA design value.

b. ...

B w
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LEED 2009 IEQ Credit 1 Template

Table. Outdoor Air Ventilation Rate

Accuracy of
AHU Name or ID (20% or more of the Outdoor Airflow Minimum required Qutdoor Airflow Alarm Setpoint
design supply airflow serves non- Measurement Device outdoor air flow rate Measurement
densely occupied spaces) Present? (CFM) Device (CFM)
|
RTU-1 Yes 398 5% 358.2

Add Row Delete Row

NMOTE : Minimum required outdoor air flow rates are derived from the ASHRAE 62.1-2007 calculator.

All the outdoor air monitoring device is capable of measuring the minimum
outdoor airflow intake flow with an accuracy of plus or minus 15% of the Initial Here :

demgn minimum uutduur air rate, as defined by ASHRAE 62.1-2007 and the
monitonng equipment is programmed to generate an alarm when the

conditions vary by 10% or more from the setpoint. | have reviewed the

information above and it is accurate to the best of my knowledge.
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LEED 2009 IEQ Credit 1

LEED 2009 IEQ Credit 1:
Outdoor Air Delivery Monitoring
IS one of the easiest points to get !



Summary

e Airflow Measurement & Control =

Comfortable, Healthy, Efficient, Compliant
Indoor Environment

* Directly Measuring & Controlling Airflow is the
Best Method for Outdoor Air Delivery &
Building Pressurization Control

e Airflow Monitors Must Be Suitable, Accurate,
Stable, & Reliable



Questions?

Jim Riendeau
843 877 4049
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