stainable, Hybrid Approach
for Superior IEQ

Presented by: Dan Hahne
Varitec: Director of High-Performance HVAC Solutions

V VvARITEC"



- Boston university — MFA Deqgree cupture
e 1983 thru 1985

Ind ustry:
Norman S. Wright SW: Estimator/Sales
* 1985 thru 1999
* Air Specialty Products: Outside Sales
« 2000 thru 2008
« Air Specialty Products/ThermAir Systems: Engineering Sales
* 2009 thru 2016
« Varitec Solutions:
» Senior Sales Engineer
2016 - 2022
» Director of High-Performance HVAC Systems/Educator
» 2022 thru present
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Health Care Design:
Beyond Code Minimum —

Creating Healthier, More
Efficient Environments

The technologies to reduce pathogenic infecti

Health Care Design: FGI Guidelines,
ANSI/ASHRAE/ASHE Standard
170, and Beyond

Engineers must design a space that responds to the needs and
requirements of the building but also promates an environment that is
conducive to healing and well-being.

By Fletcher J. Clareq. PE., and Dan Hahne

Debunking Myths of Active Chilled Beams: What You
Thought You Knew — But Were Wrong, Part 2
SmithGrou e time

DEBUNKING MYTHS
OF ACTIVE CHILLED BEAMS:

WHAT YOU THOUGHT YOU KNEW —
BUT WERE WRONG, PART 1

D
neet |
et |
SYS" o §¢’§;~mm
O L
o WAUS Roy
P = & VRF™ wne

October ealth Care Design:

+ Beyond Code Minimum — Creating Healthier, More Efficient Environments
*  (Co-Authored with Fletcher Clarcq P.E.)

June 2021: Health Care Design:
* ANSI/ASHRAE/ASHE Standard 170, and Beyond

. (Co-Authored with Fletcher Clarcq P.E. )
November 2019: Debunking the Myths of Active Chilled Beams:

What You Thought You Knew But Were Wrong

. (Co-Authored with Eric Martin P.E., Fletcher Clarcq P.E. Steven Lamica, Engineer
(Dadanco))

October 2019: Debunking the Myths of Active Chilled Beams: The
Drip Test

. (Co-Authored with Eric Martin P.E., Fletcher Clarcq P.E. Steven Lamica, Engineer
(Dadanco))
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100% Outside Air VRF Systems: A Sustainable, COOLING & CHILLERS
Hybrid Approach for Superior IEQ

Increasing the amount of outside air to the occupied space and increasing ventilation air change
rates are effective solutions for reducing concentrations of contaminants and the risk of infection.

VY VARITEC"
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The HVAC System Solution Resource

ECHNICAL INSTITUTE



SERVING THE SOUTHWEST
FUR OVER 45 YEARS

Arizona | New Mexico | West Texas | San Diego
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Industrial

Commercial Office
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Data Centers
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Manufacturing

Small Business
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Custom Homes
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SOLUTIONS

 100% OSA Systems
: « DOAS Technology
MARLEY'A » Active Chilled Beams 'D"K'"
SPX% - Passive Hydronic Cooling & Heating
Systems

* Humidity “Control” dﬂSteem @

» Package Central Plants for Air & Water
Cooled Designs

4 .
« Cloud Based Controls IKKINNC ™
CONTROLS ‘ ?
v TURNTIDE

o>

ANNEXAIR 'DADANCO
:-to. feel the difference™
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The Future
Of HVAC

.....................



Mission:

(New Horizons Launch, January 9, 2006)

To provide an educational platform for continued learning in the
HVAC industry with a focus on high performance buildings and
Innovative technologies for a better built environment.

V VvARITEC"
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Refrigerants
Why Bwldmgs Matter

July 14t: 100% Outside Air Systems
« Part 1: Variable Refrigerant Systems

September 8™: 100% Outside Air Systems
« Part 2: Active & Passive Chilled Beams

October 13t : 100 Outside Air Systems
« Part 3: Passive Radiant Heating & Cooling Systems

V vAaRITEC"
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* Huiyuan (Steven) Zhang: P.E., Mechanical Engineer

Daikin Comfort:
» Christopher Soh: VRV Product Engineer

Daikin Applied:
« Judith Peters: P.E. Energy Modeling Engineer

Varitec Solutions: Phoenix
« Zack Niemeyer: Sales Engineer
« Austin Vedder: Sales Support Engineer

PDAIKIN -

V vARITEC"



o Outside Air Systems
Variable Refrigerant Volume: The Technology
100% OSA VRV: System Concept Review
Comparative Analysis and Review
Equipment First Cost & Payback Review
Concluding Remarks

V VvARITEC"



ASHRAE, CDC & EPA: Agency Statement Reviews
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ASHRAE

FOR IMMEDIATE RELEASE

Media Contact:

» “Airborne transmission of SARS-CoV-2 is
significant and should be controlled. Changes
to building operations, including the operation
of heating, ventilation, and air-conditioning
systems, can reduce airborne exposures.”

Karen Buckley Washington
Public Relations Specialist
kbwashington@ashrae.org

ASHRAE Epidemic Task Force Releases Updated Airborne
Transmission Guidance
Clarified gui for and mitigating the spread of SARS-CoV-2

ATLANTA (April 5, 2021) — The ASHRAE Epidemic Task Force released an
updated, unequivocal statement on the airbome transmission of SARS-CoV-2
in buildings.

ASHRAE has released the following statement:

“Airborne fransmission of SARS-CoV-2 is significant and should be
controlled. Changes to bul.rdng oper: Icns luding the operation of

heating, ilating, and afr-condii 5, ms, can reduce airborne
exposures.”
II replaces the April 2020 lement that said airborne tral

ffici tly likely" that ai
the World Health Organiz:

e precautions should be take time both,

(WHO) and the Centers for Diseases ntrol

(CDC), contended that trz ission of SARS-CoV2 was by droplet and fomite

modes, not airborne. Subsequenlly both have acknowledged the risk of
irborne transmission indoors .

° ASH RAE Task Force Recom menda’tlon (Figure #1: ASHRAE April 5, 2021 Newsletter)
o “ ..Evaluate recirculation or increase outside air fraction from

design levels up to 100%...”

V VvARITEC"



“...Infectious exposures to respiratory fluids
carrying SARS-COV-2 occur in three principle
ways...deposition, touching, and inhalation of

air carrying very small droplets and aerosol
particles that contain infectious virus.”

CDC Website Subsequent Statement

’.. . C
CDC

“‘When indoors, ventilation mitigation strategies can
help reduce viral particle concentration.”
“Open outdoor air damper beyond minimum settings to
reduce or eliminate HVAC air recirculation.”
VvariTEC"



contaminants including any viruses that may
be in the air is to increase ventilation —the
amount of outdoor air coming indoors..”

[ o) United States
N Environmental Protection Search EPA.gov Q
\’ Agency

BT o Rt vl it * “Ensuring proper ventilation with
Coronavirus o . outside air can help reduce the

Coronavirus Home Ventilation and Coronavirus . ; i
(COVID-19) concentration of airborne contaminants,

Indoor Air
. . . . I
Drinking Water and Animportant approach to lowering the concentrations of In Cludln Vlruses In doors
Wastewater indoor air pollutants or contaminants including any Deciding to go y 5
out?

viruses that may be in the air is to increase ventilation -

Frequent Questions the amount of outdoor air coming indoors. Ensuring

V VvARITEC"
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EPA Issues ‘Clean Airin  =*
Buildings Challenge’ ™

Clean Air in Buildings Challenge
Guidance to Help Building Owners

e U Fact Sheet Guidelines:

- FRESH AIR EXCHANGE *  “Run HVAC systems during all occupied hours to ensure clean air
j\t \{% —— enters and is distributed throughout the building.”
_LZ'I_ E & 1 * “Increase volume of clean, outdoor air at times of higher risk.
[ i 1. (e.g. at times of elevated risk of COVID-19).
s § A\T}' l:/'-la « “Consider running the HVAC system to refresh air before arrival
I \IA and/or remove remaining particles at the end of the day (e.g., 1-2

hours before/after the building is occupied,) as needed.”

V VvARITEC"



Asbestos

Biological Pollutants
Carbon Monoxide
Cook Stoves
Formaldehyde/Pressed
Wood Products

Lead

Nitrogen Dioxide
Pesticides

Radon

Particulate Matter (PM)
Volatile Organic
Compounds

Wood Smoke

VRV® 11l Series
Outdoor Units
I

< @ / Y‘ _ Moorunle

Indoor Unit |
|

L

Air COing

t4 4

Outdo@lpply

Outdoor Air Pollutant
e« Carbon Monoxide

* Lead
* Nitrogen Dioxide
« Ozone

« Particulate Matter
(PM):Various Sizes
» Sulfur Dioxide)

(Note: Outdoor air contains other
pollutants not regularly monitored by
the EPA)

V vAaRITEC"



IEQ, Net-Zero & Decarbonization:
The Dilemma

ECHNICAL INSTITUTE



vironment related to the health of occupants with it.”

« “...research shows that building-related symptoms are conrna s PreveNTioN
associated with building characteristics:

« Dampness
e Cleanliness
« Ventilation

Note: Though related, IAQ is not IEQ

USGBC Definition: “...encompasses the
conditions inside a building — air quality, lighting,
thermal conditions, ergonomics — and their
effects on occupants or residents.”

“IEQ goals often focus on providing stimulating and
comfortable environments for occupants and
minimizing the risk of building-related health
problems.”

V vAaRITEC"
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Organizations and Statements: &
« |EQ - Global Alliance (IEQ-GA): IEQ-GA
- “...to provide an acceptable indoor environmental quality...to

occupants in buildings and places of work around the world...”

« Whole Building Design Guide M\ WBDG b ies

 |EQ and Occupant Productivity Dynamic

« “Salary expenses are...a high proportion of the operational
expenses...Even a small percentage gain in productivity,...can
result in considerable savings...”

V vAaRITEC"



. Founder & CEO
. Physician & Cellular Biologist

. Harvard Medical School (MD) https://www.b4hinc.com/
. Norwich University (M.Arch) . ——
ASHRAE « B4H: Monitor Building Health Score
DUsisl ol e L « Integrates (4) Areas of Research to determine
Epidemic Task Force Board . : .
o the real-time health influence of the indoor
environment on the human body
O () * Physiology
.mdoom%ta Oooo 'B ) ‘ - Disease Drivers
. Q () . Score. *  Immunity

* Indoor Ecology

V VvARITEC"
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e built environment creates a staggering 40% of

e AIA2030 Commitmert the world’s CO2 emissions, architects, engineers, and
e W owners play a key role.”

* We must all commit to net-zero emissions by 2030.”

Let's get to carbon neutral, together! 'C1 E [ = s =D

» “All systems engineers shall advocate for and
achieve net-zero carbon in their projects...”

“Operational carbon by 2030, embodied carbon by 2040”
VvaRITEC"




HRAE Journal September 2021;
“...the U.S. Department of Energy (DOE)
issued a determination that
ANSI/ASHRAE/IES Standard 90.1-2019
for buildings except Low-Rise Residential
Buildings, improves energy efficiency in
commercial buildings...

What’s Next for
Standard 90 1

ATUNTA-In late July, the U.S. Depart- s the model energy

ment IF ergy (DOE) issued a de- od f b\ Id ngs within the 90.1
lermination that ANSI/ASHRAE/IES  scope.”

S dl‘dﬂOlZOI‘!F lergy Standard

Jfor Buildings Except Low-Rise Residential ~ Now What?

Buildings improves energy efficiency  DOE analysis shows the updated
comme} uildings compares d andard could cause nnuonal

; svmgsmcummercl al buildings of

the  about 4.7% site ree

ndal ttee 90.
Chair Don Brundage, P.E., Member n
ASHRAE; Co-Vice Chair Thomas
Culp, Ph.D., Member ASHRAE: and own process for considering update:

The final determination makes the 2019 version of the

standard the reference energy-efficiency

standard...”

US Department of Energy

V vAaRITEC"



» By Peter Rumsey, P.E., Fellow ASHRAE; Jorlyn Le Garrec, Assoc Member ASHRAE; Avril Levasseur, P.E.,
Assoc. Member ASHRAE

H - * “Buildings in the U.S. account for 40% of carbon emissions.”
ow Building

Decarbonization o KE _ i il ; _
o Transtorm HVAC An all-electric bund.ln‘g c.oupled.wrth arenewable or cgrbqn
e =T free source of electricity is considered to be decarbonized in

Its operation.”

* “Heat Pumps: Variable Refrigerant Flow:”
« “...the most cost-effective option is where a compressor
system is designed to provide both heating and cooling, as is
the case with variable refrigerant flow (VRF) systems.”

+ “Dedicated outdoor air systems (DOAS) and their associated benefits couple well
with VRF systems.” \, VARITEC"




PROFESSIONAL DEVELOPMENT - CONFERENCES - CoMMBNMES -

| c . O ASHRAE’s Epidemic Task Force:
1 nmwmunmms > g Strategies to Reduce the Risk of Infection
g « Minimum Filtration: MERV13, MERV14
(preferable), HEPA filtration ideal

* Increase outside air fraction rates up to
100% OSA where possible
* Maintain building humidity:
 Between 40-60%

Impact System Performance & Increase
Operating Costs!!! V VARITEC"




objectives.

By: Dr. Stephanie Taylor

High Efficiency HVAC Designs resulting in
superior building IEQ can be accomplished

To Create Healthier Buildings:
* Fewer sick days
« Greater productivity

Pyt s o S « Reduction of health risks after prolonged

Increasing the amount of outside air to the occupied space and increasing ventilation air change

.
are effective solutions for reducing concentrations of contaminants and the risk of infection. P e r I O d S Of e X p 0 S I I re

V vAaRITEC"



Spanning the Divide: 100% QOutside Air Systems

V VARITEC"
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Parallel to heating and cooling components

100% OQOutside Air Unit Considerations:

 Heat Recovery: Building exhaust air used to pre-condition OSA (summer or winter)
« Sensible: (Plate & Frame, Heat-Pipe Technology, Sensible Wheel, Run-Around Coll
Loop)
 Enthalpy: (Enthalpy Wheel (Sensible or Latent Exchange), Plate & Frame
Technology)

REBEL APPLIED™
SELECTED AS A COMMERCIAL VRF JNNQVATIO
- =
3 B 1 /
r

« OSA and exhaust air ratio calculated to:
« Supply minimum OSA per code or more to create even healthier environments
* Maintain ~0.01” w.g. positive building pressure

V VvARITEC"



levels as desired: NOT CODE MINIMUM.
Building CO2 concentrations controlled to 600-800 PPM

* Building humidity controlled through lower dew point
supply Air

« Heat Recovery:

* Pre-Conditioning OSA Improved Energy Efficiency

« Variable refrigerant system significantly
downsized

 100% OSA Unit: Various cost points

(Courtesy: Daikin Applied)

V vAaRITEC"



Variable Refrigerant Volume: The Technology
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U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

. ealthy Environments Require Humidity Control

X  Energy Efficiency: What is it?
ASHRAE - Department of Energy (DOE): “Energy efficiency is the
use of less energy to perform the same task (work) or
produce the same result.”

 High-Performance Building: ASHRAE Standard 189.1-2021
« High-Performance Green Building: “A building designed, constructed,
and capable of being operated in a manner that increases environmental
performance and economic value over time,...

V vAaRITEC"



- S ironmen
ASHRAE supports the health of occupants, and enhances satisfaction and
productivity of occupants ... and energy efficient systems.”

« High-Performance Building: An Observation
« Buildings consume only that amount of energy
required to maintain thermal comfort and IEQ system
demand at any given time of day and year to do so.

V vAaRITEC"



energy (heat) from a building to outdoors
Heating & Humidification: Supply thermal

energy (heat) and/or moisture (where applicable)
to a building

e Heat Transfer Media: Air

« Air carries energy from inside a building to an AHU
cooling coill

« Airis not adense heat transfer media.

« It takes a lot of air to move thermal energy from a

building to outdoors: More Horsepower
VvariTEC"



= Air

0.46 Btuh/Ib Water

8.98 Btuh/lb REIEgEE!

Refrigerant:
e More Dense Than Air
 More Efficient Heat Transfer

Medium 88.2 Btuh/lb

a2\ CWV VRV

Airside Systems:

« More horsepower (energy) to remove heat & moisture loads in lieu
of water or refrigerant. \, VARITEC"



Features

« Fan coil units (refrigerant coils) located local to each
zone of control =
 Condensers: Variable speed S >
scroll compressor technology et T
modulates refrigerant flow to
meet zone load at each fan coil

 NO ON/OFF start, stop cycling

« Energy consumed rides the
curve of system load

difference

(Courtesy: Daikin Comfort)

V vAaRITEC"



energy from inside a building to outdoors (condenser_s). NOT AIR

Heat Pump Heat recovery

! | I———] e e e ) |
8 |]_ I | |_ — | « Refrigerant flow
on I - (4 |4 -
T dode e |- }_ ot daman
., = A14T‘on
8 v v v
Ton

Heating or Cooling Simultaneous Heating & Cooling

(Efficient) (More Efficient)

V VvARITEC"



100% Outside Air
Processing Unit

Ventilator

3 200 Ci

[

I

[

m—

|

FM I
- |

Energy Recovery

Ventilation
Units
0

00-1.

Numerous Types &
Models (typically
7 to 96 MBH) } .. -
RCas:e::e ‘ \

B2 ' E S T Enhanced Thermal Comfort &
m Concealed Vertical Ducted Flo:rnse::neding . Fleonstanding Quiet Operation

Improved Thermal Comfort, Energy Efficiency

Concealed

t
I
I
I
i
I
I

V VARITEC"
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.1: Standard assigns minimum building outdoor air flow
rates requirements

Conventional Design: Unconditioned
Outside Air Ducted to Fan Coil Units

The Load: Terms

« Total Building Load = Sensible Load (Thermal “heat”
energy) + Latent Energy* (water vapor)

« Total Load = Total Energy BTUs = Enthalpy

« Total Load Occurs at Fan Coil Cooling Coil

(VRV Indoor Fan Coil Units)

*Latent Energy:
« Amount of energy to maintain water vapor in a vapor state (gas) \, VARITELC"



Location: Maricopa County - Design Conditions: (EL: 1100 Feet)
Summer Dry: 115F DB / 72F WB = ~49F DP (dew point) = Enthalpy: 38.69 BTUs/Ib (air)
Summer Monsoon: 97F DB / 78F WB = ~71F DP (dew point) = Enthalpy: 42.36 BTUs/Ib (air)

GREATEST OSA LOAD DURING THE YEAR:
SUMMER MONSOON!!!

V vAaRITEC"



Dehumidification occurs at fan coil unit cooling coill
5 w;gﬂ s

« Drain pans pool with water

The IEQ Factor:
» Drain pan bio-growth

VRV Efficiency at Peak Load: cogpetieel L sufply el
« Similar to High SEER Package Rooftop Units
« Efficiency achieved at part-load conditions

**Phoenix buildings often designed to 115F peak load conditions. \, VA RlTE:m



» Higher Mixed-Air Conditions = Greater Cooling Coil Total Load (enthalpy)
» Greater Loads = Larger Condensers

VRV Condenser Capacity: System Impact
» Greater Capacity = Larger & Heavier Condensers

» Larger Condensers = Reduced Turndown
* Reduced Turn Down = Reduced Efficiency

« Owner Penalty: Higher operating cost
throughout the life of the system

System Efficiency Potential: Compromised V VARITEC"



0.4% Annualized Hours

Phoenix, Arizona: 108.3F DB / 69.3 MCWB

1.0% Annualized Hours

ASHRAE

Phoenix, Arizona: 106.4F DB / 69.0 MCWB

2.0% Annualized Hours

2017 ASHRAE Handbook - Fundamantals (IFy

PHOENIX SKY HARBOR INTL, AZ, USA

Buildings often designed to:
115F DB / 72F WB

HR WCCE | WS T micoe | wa I MeDE | Mews | cwol
T * o rnk

2% o 0.4
| MCWE | [ WH | MCDE | MCWS I PCWD 1
[ o}

Do Phoenix commercial buildings
see maximum occupancy during
summer months?

V vAaRITEC"



DaFI,kln i1d 00°/:h0tf1:do:r A;L Rooﬂlo;fa Unit O

. / veniaton ot h ndoor pace * 100% Outside Air AHU (Dedicated Outside Air
: Sy System (DOAS)) only conditions and supplies

outside air required for building ventilation

mdoumortns -+ DOAS to control building humidity supplying air at
" heating 2 requred o appropriate DEW POINT
the space

. _ * Supply air dry bulb temperature is supplied at
R e e st between 70-75F (LOAD NEUTRAL)

Variable Refrigerant System Impact:
 Reduce VRV System Load
* Reduce condensing load at fan coil cooling coils; less condensate

V VARITEC"

TECHNICAL INSTITUTE



* Qutside air delivered directly to each space

» Heat Recovery (Sensible or Enthalpy)
« Hot Gas Reheat Caoll

« Heat dehumidified supply air off cooling
coil using compressor heat of rejection

Daikin 100% Outdoor Air Rooftop Unit

» Provides the fresh outdoor air for
- ventilation of the indoor space
- oo

Daikin VRV System Indoor

and Outdoor Units

= Deliver the cooling or
heating as required by
the space

(Courtesy: Daikin Comfort)

Dehumidified Load Neutral OSA
Supplied to Each Zone

Fan Coil Inlet Air Condition = Return
Air Condition ~75F - 78F

. ol 1
Tl el i
—On00 ‘ B
FAL Stbver £ 3
NOW AVAILABLE WITH
SORBENT VENTILATION TECHNOLOGY

(Courtesy: Daikin Applied)

(Hot Gas Reheat Loop: Courtesy of Daikin)

V VvARITEC"



Advanced technologies propel performance
and energy savings to
uncommon levels.

Outdoor DOAS Units

(Courtesy: Daikin Comfort)

Indoor DOAS Units

(Courtesy: Oxygen 8)

Lower entering air temperature at fan coil cooling coll

Improved condenser efficiency
Lower condenser tonnage for VRV first cost savings
Smaller VRV dimensional footprint

Parallel OSA delivery to zones for enhanced system efficiency
and assured IAQ is maintained & validated

Improved system dehumidification (Reduced Risk of
Condensation)

Depressed Dew Point Supply Air for true humidity control
and increased system efficiency \,VARITEI:’“



100% OSA Variable Refrigerant Concept:
Project Review

ECHNICAL INSTITUTE



valuate practical application of system
» Abuilding designed for enhanced indoor air quality (IAQ)

Building Selected: Medical Office Building*
« Single Story Medical Office Building: ~28,000
SQFT
» Location: Maricopa County
« Elevation: ~1100 feet
» Load calculations generated in Trane Trace

*Project floor plan and load calculations by Smith Group, Phoenix \, VAHITEI:”‘



@,

e Untempered outside air mixed with return airat -
fan CO" unit (Courtesy: Daikin Comfort)
e Summer Outdoor Air Condition: 97F DB/78F WB
e Return Air Condition: ~75F / 62.36 WB (50% RH

and 55F Dew Point)
e Winter Outdoor Air: 38F

(Courtesy: Daikin Comfort)

V vAaRITEC"



Daikin 100% Outdoor Air Rooftop Unit

« Provides the fresh outdoor air for
] - ventilation of the indoor space

Daikin VRV System Indoor

and Outdoor Units

- Deliver the cooling or
heating as required by
the space

=-———= e Design #3: VRV system designed parallel to:
........... - o 100% DOAS with enthalpy wheel supplying
=& 5 48.8F dew point LAT.

= V¥V VARITEC"
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o Hot Gas Reheat Coil:
« 70° DB/59.58° WB: Dew Point = 53.32°F (Heating, System Part-Load Cooling)
« 55° DB/ 53.89° WB: Dew Point = 53.32°F DP LAT (System 100% cooling)

e Design #3: VRV System - Primary, OSA System - Secondary
o Cooling Coil Conditions:
o 52° DB /50° WB LAT: Dew Point = 48.8°F

o Hot Gas Reheat Caoil:
« 70° DB/57.4° WB: Dew Point = 48.8°F DP LAT (Heating,
System Part-Load Cooling
« 55° DB/ 51.0° WB: Dew Point = 48.8°F DP LAT (System 100%
cooling)

(Hot Gas Reheat Loop: Courtesy: Daikin Comfort)

V VvARITEC"



| Y U C c vpbselivalld

e Daikin’s VRV Series IV-X Condenser Technology Applied
e Daikin’s New EMERION Condenser Technology -
(currently available) NOT APPLIED*.

e 30% greater efficiency with Emerion

Fresh from Dolich e Design Layout Clarifications:

e Room layouts & peak loads the same for all

e Fan coil sizing remained the same for all rooms

e Condenser capacity changed per design; space latent
loads varied per DOAS supplied OSA condition

e TMY3 weather data ending in 2005 applied.

NEXT GEN is HERE

* Emerion performance curves not uploaded into Trane Trace to evaluate \V VARITELC™



55F DB / 54F WB = (53.3F Dew Point)

The Challenge:
* Maintain a room at 75F 50% RH
(55.13F Dew Point)

Condensation Problem

“CONTROL” Building Humidity at a dew point depression of 1.83F?
Physics say you can, but at what airflow rate?

V vAaRITEC"



Comparative Analysis & Review
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Leaving Air Dry BuIb\Temperature

Name FCU Coolin,
Tmp C RqTC Rv TC Max TC Rq SC Tdis C Max 5C
°F BTU/h BTU/h BTU/h BTU/h *F ~A °F BTU/h

(DBT/WET)
FCU-3 FXMQ30PBVIU| 79.8/65.0 | 27,175 | 27,273 27,944 22,899 42.8 60.7 23,176
FCU-CC1A |FXAQIBPVIU | 78.0/63.5 | 12,000 | 14,422 15,781 12,000 428 56.1 12,593
FCU-CC1B |[FXAQI1BPVIU 78.0/63.5 12,000 14,422 15,781 12,000 42.8 56.1 12,593
FCU-CCIC |[FXAQLBPVIU | 78.0/63.5 | 12,000 | 14,422 15,781 12,000 42.8 56.1 12,593
FCU-6 FXMQO7PBVIU| 85.0/69.4 | 7,122 7122 7,614 4,015 428 735 7,614
FCU-7 FXMQ18PBVIU| 81.7/66.7 | 18,445 | 16445 17,808 12,507 42.8 638 16,393
FCU-5 FxmMa3oPevIu| 87.3/71.2 | 28960 | 28960 30,817 15,587 42.8 74.4 29,055
FCU-8 FXMQ48PBVIU| 20.8/659 | 42,403 | 42403 46,193 33,208 42.8 58.9 36,121
FCU-4 FXMOoeMyIU | 87.3/712 | 83971 | 83971 98,676 46,228 42.8 70.9 79,821
FCU-9 FXMOS4PBEVIU| 80.2/65.5 46,841 46,841 51,067 33,992 428 61.2 39,858
288,917

** HVAC 101.:
« Sensible Energy: Amount of heat energy present in air sample
« Latent Energy: Amount of energy required for water to exist as a vapor (gas)

OSA & Room Air Dehumidification:

Fan Coil Unit Cooling Coil
Condenser Capacity Increase
Condensate Pans Hold Water
Space Humidity Control?

VY VARITEC"
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Leaving Air Dry Bulb_Temperature
\

Name  |FCU Cooling

Tmp C Rq TC Rv TC Max TC Rg 5C Tevap | TdisC Max 5C

°F BTU/h | BTU/h | BTU/h | BTU/h °F °F BTU/h
(DBT/WBT) [l ] ] - .
FCU-3  |FXMQ30PBVIU| 77.2/63.1 | 23,440 | 23440 | 25899 | 20154 | 428 604 | 21918 VRV De u m I I I C atl 0 n L 0 a Re u C e
FCU-4 FXMIQ48PBVIU| 74.0/616 | 30,880 | 30,880 | 38,917 | 21567 428 50,7 31,153 .
FCU-5 FXMQ12PBVIU| 74.0/61.6 8,631 8,631 9,743 6,158 428 61.5 8,422 - . - -
FCU6 FXMQO7PBVIU| 75.0/62.1 | 2586 2,586 6,108 1,842 428 60.7 5,789 ° F ( : | l ' t < : I ( : I
FCU-7 FXMQLSPBVIU| 76.4/62.8 | 11,045 | 11,045 | 12755 9,621 428 60.7 11,048 an OI nl OO Ing OI
FCU-8 FXMQ48PBVIU| 76.8/629 | 32,008 | 32,008 | 41,181 | 27,147 428 58.8 32,678 .
FCU-9 FXMIQABPBVIU| 77.0/630 | 37,782 | 37,782 | 41,352 | 28228 428 583 32,818 ° ( : d S R d d
FCU-CC1A |FXAQ1BPVIU | 780/635 | 12,000 | 14,422 | 15781 | 12,000 428 56.1 12,593 On enser |Ze e Uce
FCU-CCIB [FxaQisPviU | 78.0/635 | 12000 | 14422 | 15781 | 12,000 428 56.1 12,593 S
FCU-CCIC [FxaQi8PvIU | 78.0/635 | 12,000 | 14422 | 15781 | 12,000 428 56.1 12,593
| | | e S Humidity Load Reduced
FCU-10  |Fxmaiseeviu| 76.2/628 | 11,214 | 11,214 | 12,791 8,072 428 63.1 10,924 ace U I I Oa e Uce
FCU-14  |PxmQzepeviu| 75.7/624 | 15339 | 15,339 | 20,143 | 12,238 428 59.5 16,964
FCU-15  [FxM048PBVIU| 767/629 | 32,324 | 32,324 | 41,062 | 27,121 42.8 58.7 32,630 R d d C I C d t
FCU-17  [Fxmo3oreviu| 76.0/626 | 20732 | 20732 | 25350 | 16,156 428 626 21,428 O e Uce OI On ensa |On
FCU-19  [Fumaaseeviu| 766/62.8 | 32504 | 32504 | 40,894 | 27.797 428 58.2 32,584
FCU-20 FXMOABPBVIL| 76.7/62.9 | 32,324 32,324 41,062 27,121 42.8 58.7 32,630 : M
Feo31 Joorcsrou] rcejors | Srabs | asavs | ansoa | 2777 [ szo | ses | orse » Space Humidity Control
FCU-CCAA_|FRAQIBPVIU | 78.0/635 | 12,000 | 14422 | 15781 | 12,000 428 56.1 12,593
FCU-CCAB |FXAQIBPVIU | 78.0/635 | 12,000 | 14,422 | 15781 | 12,000 428 56.1 12,593
383,313
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Condenser Sizing and Energy Savings Review

Total Condenser

Diversity

Capacity - Peak Load

VRV System

VRV System

VRV System

WWh

Percentage

Design# Design Type Condenser Tag | Total Peak Load | Condenser Model # Nominal Tonnage Factor (Tons) (Caoling: KWh) Heating: KWh) Fans: (Total: kih) Total: kWh) |T|;1::iin:rgy Savings
#1 Untempered O5A CU-1A REYQ2BBAAYDA —
CU-18 80.56 REVQ288RAYDA 105.6 BO% 392 76,751 919 30,424 108,084 0.00%
CU-2 REYQ480AAYDA
DOAS with ERW @
i 53,43 F Dew Ppoint ot 80.56 REYQIIZAAYDA 53,447 485 34,040 87,972 20,112 19.00%
CU-2 REYQ312AAYDA 74.4 B80% -6.16
DOAS with ERW @
#3__| 48.8F Dew Ppoint 2] 8056 REYQ3G0AAYDA 0,833 551 34,720 80,104 27,980 26.00%
Cu-2 REYQ28.8AAYDA 64.8 80% -15.76

« Design VRV Condenser Sizing: Nominal Tonnage Review:
« Design #1: Untempered Mixed-Air: 105.6 Tons

* Design #2: 100% OSA DOAS: 53.32F Dew Point Supply Air: 74.4 Tons

« Design #3: 100% OSA DOAS: 48.8F Dew Point Supply Air: 64.8 Tons

V VvARITEC"




 Design Condenser Sizing: Nominal Tons:
* Design #1: Untempered Mixed-Air: Condensers Sized for 105.6 Tons
* Design #2: 100% OSA DOAS: 53.32F DP Supply Air: Reduced 31.2 Tons
* Design #3: 100% OSA DOAS: 48.8F Dew Point Supply Air: Reduced 40.8 Tons

Supplying 48.8F Dew Point OSA:

* VRV System Predominantly a Sensible Cooling System
 Reduced Condensate, If Any, In Drain Pans

e Reduced Bio-Mass Growth @ Coil & Drain Pan

* Improved IEQ

V vAaRITEC"



« Design #1: Untempered Mixed-Air: VRV System Total Energy — 108,084 k\W/h
» Design #2: 100% OSA DOAS: 53.32F DP SA: VRV Total Energy — 87,972 kW/h
* Design #3: 100% OSA DOAS: 48.8F DP SA: VRV Total Energy — 80,104 kW/h

1005 s o Percentage of Energy Savings:
ey - Design #1: Base Line Design — 0.0%
e = « Design #2: Energy Savings = 19%
Daki VRY Syt oo « Design #3: Energy Savings = 26%

and Outdoor Units

« Deliver the cooling or
heating as required by
the space

V VvARITEC"



Equipment First Cost & Payback Review
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Total Budget CoSt: .....ccovviiiiiiiiiieee $239,875.00
o Daikin Rebel DOAS Budget Cost: ............ $0.00 NA
» Total System Equipment Cost: ...... $239,875.00

IR L T Hl

 Design Considerations:
* 100% building dehumidification at VRV fan coil units
« Larger condenser sizing and heavier
« Larger mechanical foot print
» Drain pans fill with condensate; building humidity source
« OSA validation to building not validated

**Payback would vary between local utility rates, climate zone, regional market values, contractor installation

costs...etc. \, VA RclT E:m



al Budget Cost: ....ovvviiiiiii e $184,090.00

o Daikin Rebel DOAS Budget Cost: ............. $73,055.00 NA
= Total System Equipment Cost: ........ $257,145.00
= Total Premium: ...cocvveieiiiiieiiiiennns +$17,270.00
» Projected Payback: ......cceevivinnnnnn. 5-10 Years**

« Owner Benefits:
« Better Building Humidity Control
 Enhanced System Energy Efficiency
* Reduced condensation
 Qutdoor air delivered to each zone & validated for IEQ

**Payback would vary between local utility rates, climate zone, regional market values, contractor installation

costs...etc. \, VA RclT E:m



nser Layout with untempered outsi e air:

Total Budget Cost: ................. $173,051.00
o Daikin Rebel DOAS Budget Cost: ............ $93,280.00 NA
= Total System Equipment Cost: ..... $266,331.00
= Total Premium: ...........cccoevnineenn. +$26,456.00
» Projected Payback: ..................... 6-11 Years**

 Owner Benefits:
* Building Humidity Control at Industry Recommended
levels (40-60% RH)
* Premium System Energy Efficiency
« Significantly Reduced Risk of Building Condensation
* OQutdoor Air Delivered to Each Zone & Validated for IEQ

**Payback would vary between local utility rates, climate zone, regional market values, contractor installation
costs...etc.
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Concluding Remarks
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ness: The Risk of Infection in Built Environments
* Importance of Building IEQ: Global Movement
e CDC, EPA and ASHRAE Positions
- . . What’s Next for ®
 Ventilation & Indoor air quality  standard 90.1
 Net-Zero Initiatives o
 AIA 2030 Commitment
« Carbon Leadership Forum

o e,
7“1 Carbon
' 7,“ | Leadership
gl | Forum
Eea-. - - e conme B
== )
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panning the Divide:
RRA R’ « Enhanced Energy Efficiency:

A Hybrid VRV / OSA System approach
 Enhanced IEQ:

« Qutside air supplied directly to each zone

e Qutside air supplied monitored and validated
* Building humidity control
« Premium Energy Efficiency Goals:
« Decarbonization
« Electrification

V vAaRITEC"
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