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Modern “Vapor Compression” heat pumps consist of:
* “Electronic” Expansion Valve
* Reversing Valve
 Compressor (two types shown)
* Low side sump/High side sump
* 2 Heat exchangers (“high” side and “low” side)

* CERV2 (and 3) heat exchangers are “aluminum
microchannels” for high heat transfer, low
corrosion, low refrigerant charge

e CERV2 (with low side sump compressor)
components are shown

* CERV3 uses same architecture with double heat
exchanger size and larger capacity, high side sump
compressor

.lfl'

Heat Pumps :

VFD (Variable Frequency Drive, aka, inverter or frequency
drive) with electronic expansion valves paved the way for
low ambient heat pumps that efficiently operate over
broad temperature ranges

, Cohjpreé"sp’tr (2 types



Minisplit Heat Pumps

1 ton Senville ODU (Outdoor Unit) components; the
other heat exchanger is in the IDU (Indoor - | ‘ " \nn
Unit).....operates to -22F; $1450 & free shipping! ol \3] NP |




Cold Temperature Heat Pumps

Cold climate heat pumps evolved ~20 years ago due to two
developments:
- Motor speed control (VFDs, ECM)
- Pumps, fans, compressors, EVs
- Electronic controls (microprocessors, sensors,
expansion valves, hot gas valves, suction gas valves,
EVI, etc)

Why is Speed Control Important?

* “Refrigerants” are fluids operating between liquid and vapor states

* Cold temperatures (heating) lower refrigerant vapor density,
requiring higher compressor speeds to move more refrigerant

* Warm temperatures (cooling) increase vapor density, requiring “Northeast Kingdom” Hardwick VT
lower compressor speeds experienced sustained temperatures

* Refrigerant flow must be modulated to keep heat exchangers below -20F during January 2018
satisfied and avoid flooding/starving compressor of refrigerant

* Old “bang-bang” (on/off) constant speed compressors with crude
refrigerant flow control (TXV) restricted operation leading to
persistent myth that heat pumps cannot operate at cold
temperatures



Heat Pump Energy Recovery — Why?

Inside Temperature & CERV2 Supply Temperature Difference

Fresh air
from outside
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Fresh air
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Heat Pump Development |

Developing a heat pump requires testing! e
Laboratory test facilities provide
controlled (steady and transient)
conditions. Field testing is essential. No
indoor testing can replicate real weather!

10 outdoor temperatures
* 5indoortemperatures

- W

* 3indoor humidities Q%\@atgl@
» 3 outdoor humidities o ) N IS .. catorifipter &
» 4 indoor air flows P \ Y (S
* 4 outdoor air flows . J f;‘;\\
* 6compressor speeds CERV online monitoring provides Build
* 6refrigerant charges Equinox with real world operating data.
* 6 expansion valve positions OTA (over-the-air) provides seamless
« ~1,500,000 tests to try every combination upgrading and algorithm improvements
» Design of experiments and observation to reduce tests Datais never sold!

CERYV units do not require online operation

* And then, UL listing, various certifications.....



3 Generations of CERV

Conditioning Energy Recovery Ventilator
CERYV; Pronounced “serve”

....its purpose is to serve you!

Prototype circa 2007; initial data at 2008 Duluth
North American Passive House Conf

Primary Purpose: Maintain a healthy indoor
environment in an energy efficient manner

Supply
Air

IAQ& |
Comfort

High occupant density
1000cfm fresh air
3 tons low temp heat pump 1t Gen -2010 to 2017 3rd Gen - 2026!



Indoor Environment Has Changed!

Residential air exchange
rates since 1894 from LBNL
As homes have become
better sealed (even today’s
poorly sealed conventional
homes are much better
sealed than past homes)

Air conditioning has closed
homes during the summer,
and high efficiency
furnaces with sealed
combustion air have sealed
homes in the winter
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Constant Flow Ventilation - Inefficient & Ineffective

Ventilation airflow subdivided without
recirculation, comfort conditioning and zone
control:

Poor air quality in occupied areas
Wasted fresh air in unoccupied areas
No indoor particulate filtering

Poor comfort control

* Rooms without conditioned air are
pulled away from comfort

* Exiting airflow prevents conditioned
airflow from entering rooms



RECIRCULATION
HEATING

Q

Heat pump adds
Conditioning & mixes
air

RECIRCULATION
COOLING

Q

Heat pump adds
Conditioning & mixes
air

CERV2/3 Operation Modes

RECIRCULATION
COOLING

VENTILATION
HEATING

—_
-

Heat pump exchanges
eno;%& adds
conditioning

VENTILATION
SETPOINT

e
3
Heat pump is off

No conditioning
is needed

VENTILATION
COOLING

OFF/ASSESS

o)

Heat pump is off
Asseses periodically

RECIRCULATION
HEATING

VENTILATION

HEATING

Want to open a window or door?

Go ahead, the CERV2/3 will
sense and adjust

When itis “nice” outside, the
CERV2/3 brings in fresh air
automatically

Optional wireless, battery free
window & door sensors allow
CERV2/3 control comfort
system operation (and to
monitor status of door/window
openings)



Insufficient ventilation when

Certified Passive House

occupied . Ll
b __voc with constant flow ventilation

2000

High Efficiency ERV (95%Sens; 75% Lat)
No Recirculation
ASHRAE “Acceptable” ventilation

co2

1500 - Excessive

, unoccupied
1000 ALY T | ventilation

Comparison of PH

Residence with Constant
Ventilation and
CERV Smart Ventilation

2500
Smart ventilates CERV Smart IAQ Ventilation
2000 when needed

Ventilation

500

CO2 (ppm) and VOC ("CO2 equivalent" ppm)

8/8/2016 0:00
8/13/2016 0:00
8/18/2016 0:00
8/23/2016 0:00
8/28/2016 0:00

9/2/2016 0:00

9/7/2016 0:00

PPM 1500 co2 . .
voc With today’s sensors, automatic fresh
1000 air control improves our health and
- energy efficiency; allowing us to do the

things we enjoy and not worry about IAQ

0
10/23 12AM 10/26 12AM  10/29 12AM  11/01 12AM  11/04 12AM  11/06 11PM 11709 11PM 11/12 11PM 11/15 11PM



Free Cool - Montreal "
':‘. Qe B

July 19, 2026 - July 22, 2026 N ﬁ 67° F 522 504

75% PPM PPM

"0
Free Cool
Free COO'. Temperature

Inside ~O)- Outside Last Updated: 7/22/2026, 2:20:53 PM

(no compressor)

When outside is “nice” relative to

. | | indoors, CERV2 “free cools”
. - . * Automated window
w 65 opening....whether you’re awake

or asleep, home or away
Unlike opening a window, fresh air
is filtered!
: : : : : : . 7 |
12.70/ng 12.70/623&/1 12.7(3/%»1 12%621;\M 12.70/[521PM 12:00 AM 1200 PM Fresh air can be “stored”!

60

55

7/22 7/22

....delaying or eliminating venting

’ bl ' —— . ' when not-so-nice outside
Cerv (I "




Vent Cool - Habitat Home Vermont

@ D % B

July 19, 2026 - July 22, 2026 /\\4 ﬂ 71 °F 78°F 654 1 1 1 2

Plot Export 52% 57% R i

1 "8
| N | -
UL Recirc Cool

Vent Cool Temperature

( Last Updated: 7/22/2026, 2:54:02 PM
compressor Inside O~ Outside
augmented)

When outside is “nicer” than

indoors, CERV2 “vent cools”

* Vent cool occurs when indoor
temperature deviates from

thermostat setting, requiring
higher cooling capacity

Outdoor air more energy efficient
to cool than indoor air

R e - * House pollutants lowered
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12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM 12:00 AM 12:00 PM
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Vent & Free Cool - Colorado

A B

Plot Export

July 19, 2026 - July 22, 2026

Inside ()~ Outside

Temperature

Vent Cool

(compressor Free Cool

augmented) (no compressor)

50
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CeRv L (1 (ML N Hnmmm e {] [N |

VOC

69°F 548 455
50% PPM PPM

"8
Vent Cool

Last Updated: 7/22/2026, 3:26:19 PM

CERV2 moves seamlessly and

automatically from one mode to
another mode




Energy Comparison RecoupAerator®200DX

Energy Recovery Ventilator

Stanton Home: Owner’s Manual
Architect: Katrin Klingenberg &
Built 2009 Installation Guide

East of Urbana Illinois

Owner replacing ductless
minisplit head every other
year
Ultimate Air ERV with
geoloop heat exchanger

* 95% sensible

* 75% latent
Early certified North
American Passive House

Ultimate Air ] % . '

’ ‘Ebi' ooil « UltimateAir®

A
3 Specifications

| fl‘i "%
/ 4 ) b

RecoupAerator 200DX Energy Recovery Ventilator (ERV). Includes pre-filters,

Model .
patented energy transfer/filtration material, fans, controls, and motors.

Airflow Capacity ~70 - 210 CFM
Sensible Apparent Efficiency 95%
Heat Exchange Type Patented rotary random matrix polymer

Energy transfer/filtration material 95% effective at 1.8 microns (MERV 12),

Filtration p
replaceable, with washable aluminum pre-filter




January 16-31, 2026 CO2 and VOCs

Stanton Home
CERV2 November 2025

— G2 —

{ppm)
L

CO2 and Correlated VOCs

Temperature (F) and Relative Humidity (%)

1114 116 118 120 1722 174 1726 128 1730




Homeowner Comments

Gregory Fri, Jan9,11115AM % @ €

tome =

Hi, this is Greg Stanton. First | want to say how glad | am that we installed the Cerv2. Considering it has already been tested in subzero
weather and outperformed the old system - better distribution of heat, steady maintenance of set temperature and, greater efficiency/lower
energy costs based on kWh comparison of the same time period between last year and this one. (Although | still want to see another
months comparison to be sure).

Greg Sat, Feb 28, 11:48 AM
tome »

| did a comparison of the power bills from the last three months and the

year before (all billing periods the same) and we have conserved KWh

each month since CERV2 was installed even though two months were 2 and 5
degrees colder (I'm sure there was some benefit from the solar hot water
system too which has been running for past two months). So, that's the

good news. The bad news is that my electrical bills have increased $21,

$27, $17 from a year ago. Good deeds are punishable and | worry about

the possibility of hidden demands from large Data Center Power Sponges




CERV2: Less Energy, Better Air Quality

100

. 2016 ©2015 2014 ©2013

CERV2~10-12% more energy 90 | 2012 2011 2010 ® 2009
efficient with better air quality than ® 2024 ©2025 (J-0) OCERV2 2025/26

95% efficient ERV 80

* Champaign-Urbana IL winter ~6000
F-days (approximately 60% of year
in heating mode with average

temperature of 40F)

70

60

e Stanton home annual energy
~11,000kWh/year

» Before CERV2, winter ~6460kWh
(adjusting DD from 65F to 60F
reference)

 After CERV2, winter ~5640kWh

* Annual savings ~800kWhly ....

About 3000 miles of EV driving! 0
0 20 40 60 80 100

Outdoor temperature (F)

30

20

Monthly Average Daily Energy (kWh/day)
3

10



CERV3 - Smart Air Quality & Comfort Management
— CERV3 is designed for all climates now and

future climate changes

6sqgsft floor area

Manages HPWH (heat pump water heater)
conditioning

Individually meter each residence utilities
Online administrative & maintenance
dashboard included for monitoring,
control & diagnostics

c E R V 3 waQbBuiiji!:ll;qu!ig%om

MADE IN AMERICA

SOLAR POWERED BUSINESS



CERV3 Physical Parameters (¥R

Hermetically sealed heat
pump (hominal 342 ton

Y, @ns e N .
)&4 — o / % L~ @ comfort capacity)
“ ® (13 ”»
Cold Climate Fresh Air Air Pollutant Dust & Allergen Ultraviolet Indoor Air Quality Low GWP R32” low GWP (glObal
Heat Pump Ventilation Removal Defense Germ Shield Monitoring Refrigerant warmi ng potentia l)
ey Duct [8'] Duct [8"] .

Input Power 120 VAC 60hz (15A) T T _ - No refrigerant
Dimensions 34" x 22" x 34" ( ) "C{,\ ) connections or remote
Weight 140 Ibs = = condensers
Max Airfl 300 cf MERV14 | 0 00 q

Ll = Fresh A | | Fresh Al Online administration
Filter Size 10"x20"x 1" Filter oo/ [P (87 d int
Filter Type MERVIA. | RN Nl e and maintenance
Duct Openings 8" Round - ‘Q O dashboard included (no
Drain Outlet 3/4" PVC ] pictie service fees)
Warranty 5Years yeuyszs pans ony Standard 10”x20” low

cost MERV14 filters




CERV3 Performance

Recirculation Heating & Cooling Fan Performance

Cold ambient operation

Outdoor T Capacity Efficiency 400 . : :
% 95°F (35°C) R S (con) Hot and humid cooling with
%% 82°F (28°C) 10,100 BTU/h 3.5 (COP) high latent
(§ 47°F (8°C) 10,200 BTU/h 3.0 (COP) : (dehumidification) capacity
ggz 35°F (-2°C) 8,000 BTU/h 2.6 (COP) 3 Seamless electric backup
17°F (-8°C) 7,200 BTU/h 2.0 (COP) s
§§ s5°F(-15°C) 6,100 BTU/h 1.76 (COP) (3kW duct heater)
Heating and cooling capacity relative to indoor conditions

300cfm air flow capacity for
pollutant management

Excludes variable speed fan power.

Dehumidification 0 01 02 03 04 05 06 07 08 09

External Static Pressure ("WG)

Indoor T Indoor RH Capacity Efficiency 140 Efficient energy recovery
& 74°F (23°C) 50% 28.0L/Day 1.54 L/kWh . during cold and hot weather
& 74°F(23°C) 60% 37.3L/Day @ 2.02L/kWh s “Free” conditioning when
outdoor s “nicer” than
Outdoor T Indoor T Airflow Efficiency E . indoor
# 95°F (35°C) 75°F(24°C) 100CFM  1.0TRE 5 40

§§ 32°F(0°C) 68°F(20°C) 100CFM  1.1SRE 20_____/

Meets and exceeds Energy Star Cold Climate requirements. 30 40 50 60 70 80 90 100
May qualify for state or utility rebates for purchase Fan Speed (%)
and installation costs.

® Desired Desian Paint




Cold ambient operation
CERV3 IAQ Management c E R V 3 Hot and humid cooling with

high latent (dehumidification)
PP capacity

Seamless integration of aux

components, sensors &

actuators; eg, electric backup,
voc bath vent switches, remote

Setpoint

Outside Heating/Cooling

Setpoints Indoor
Temperature/RH p

PM/PC

Operation l§:
Status 76

Inside
Temperature/RH

71F 48% 26292

2o

Inside CO2 800

CO2

Setpoint  Inside VOC TIRHICOZ, humidifier, etC

300cfm air flow capacity for
pollutant management

CERV-UV Efficient energy recovery

ULTRAVIOLET AIR PURI during cold and hot weather
“Free” conditioning when
outdoor is “nicer” than indoor

oo MADE IN AMERICA

PARTICULATE SOLAR POWERED BUSINESS
DEFENSE



CERV3 IAQ & HPWH & Backup Electric Configuration

Pairing a heat pump water heater (HPWH) with

CERV3 provides efficient water heating coupled
with HPWH
| g '

HPWH can be placed in a confined space with

CERV3; return air keeps HPWH operating
1 efficiently

HPWH and CERV3 can share condensate drain
; HPWH adds to dehumidification

|

Adjustable |

vent for |
HPWH

In-residence ventilation, comfort conditioning

and water heating allow apartment utility and
' water usage metering

Backup electric duct heater (3kW) seamlessly
controlled by CERV3

Approximately 10sqft required for CERV3 (6sqft)
and HPWH (4sqft)

CERV3 fresh air and exhaust ducts ~8” to 10”

diameter. Inlet & exhaust can be adjacent (single
opening)



Moisture What is a CERV3?

Heat pump...yes
Dehumidifier....yes
Energy recovery....yes

How should it be rated?
Whole house IAQ, comfort &
energy

This proud, old Brooklyn building (1013 Grand St)
was the first air conditioned building in the
world. Willis Carrier designed the air
conditioning system in 1906. The AC system
was needed for humidity control, not cooling! :

The SackettWilhelms Lithography company had Coffee shop in Amherst MA

been unable to operate printing machines during “Drip” coffee!
NYC’s humid summers.



CERV3 Dehumidification (@LRE

VUL

55

50

old’

45

40

A
oo 20

0 |

|

°< 73F 60%rh
1

N

4

-
o
%
o
=
! o
<
[ >
()
%
o
&

/

1y Aiq #/191epn sdge;g

High Eff Dehum
65 pint/day
150cfm @ 103F
EF =2.4L/kWh
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CERV3 300cfm outdoor fan; 56W fan; 0.3”esp

100cfm (9W fan) 48pt/d; EF=1.83; 5100Btuh; COP=2.91; SHR=0.59
200cfm (45W fan) 46pt/d; EF=1.54; 6500Btuh; COP=3.22; SHR=0.69

300cfm (56W fan) 41pt/day; EF=1.31; 7300Btuh COP—3 49 SHR—O 76

e

~—

RN

Cooling Dehum Air
73F; EF =1.28L/kWh
55F; EF = 0.94L/kWh

RTaviR)

SN

.

Drybulb Temperature (F)



Energy Exchange (Warm Humid)

2 occupants; 12hour/day occupancy
1200sqgft; 2 bedroom ~65cfm per 62.2

CERV3 =100-300cfm;
40cfm/occupant (800ppm CO,)

Fresh Air Mode =40%-13.3% <

CERV3 100-300cfm
Fresh Air Mode
~10,500Btu/h
~40-100pts/day latent

CERV3 operating at higher air flow

(300cfm = 13.3% vent time)

* Reduces pollutant levels faster

* Decreases time inventing

* Increasestimein recirculation &
conditioning

70 35
30
25

ARE

CERV3 Exhaust Recirc ~120-130F)

|
— — — — —

ERV 65cfm
74% Sens/63% Lat

eSS ST

DTN PR

LA, "{ Indoor iCERV3 Exhaust Fresh ~120-130F)
3 ~<| 75F 65%rh \ '
55 | 0. &
> ' \ \\O ] 60
CERV3 Recirc 3 S
Mode ~7500Btu/h °§, <
R Y % -8
T N >IN = S STt 9
2 ] £
20% 9
<
o RELATIVE HUMIDITY -

SRS

V4 A7AVARBVARV AN GARD ANV

Linric Company Psychrometric Chart, www._linric.com

Drybulb Temperature (F)



Yellow Tags - Inhibiting Innovation & Performance?

EseeSensor Heat pump
* 3D i-see Sensor
Compressor Speed Inverter Technology * Built-in Auxiliary Heater Control
.. t : = a Deodorzing Filter + Varisble Compressor Speed Inverter Technol BT T =
f i rlly R-410A Refrigorant + Nano Platinum Al Fltration System i
| szreomaen sz Effiient - Up 1o 26 SEER = Ozone:Friendly R 4104 Refrigerant ; NSLERIBINN = oo o 4014
i i Over between Cooling & Heating « Energy Efficient - Up to 30.5 SEER i
| | @ e i + Auto Change Over between Cooling & Hed A
- - Same heat pump with same N ;
— i pe i
VC§1 ~ components tuned to VGSI
P : . . o | —
o .??‘I'\ueve higher yellow tag

UT.!’ 30-5 sEER Optianal accessaries availsble.

Visit www.mrslim.ca for more information.

726 SEER

Model

VISIT WWW MPsim.(a Tor more ntormation.

Indoor Unit MSZ-FHOINA 7 MSZ-FH12NA 7 MSZ-FH1SNA -7

Outdoor Unit MUZ-FHO9NAH MUZ-FH12NAH MUZ-FH1SNAH
Bl 12,000 15,000

Indoor Unit MSZ-FEO9NA-8 7 MSZ-FE12NA-8
Outdoor Unit MUZ-FEOINAH MUZ-FE12NAH

Capacity (Rated}

Capacity (Ratedd) Cacling

Capacity (Min. - Ma) Coaling Capacity (Min - Max) stuh 1,700 - 12,000 2,500 - 13,600 6,450 - 19,000
Capaity (Rated) Heating®@ a7F Hestirg@47F Btwh 10,900 13,600 18,000
Capacity (Min. ~ Mac.} Btuwh 1,600 ~ 18,000 3700 - 21,000 5,150 ~ 24,000
Capacity (Rated) Heating® 1 7% : Btuh 6,700 8,000 11,00
cew:g Mac) i ! i Heatig@17T  oh 12,200 13600 18,000
Capacity (Mac} Heating@ 5% Btuh 10,900 | 12.500 [ 21600 Capanty (Max) Heating®SF Btuh 10,500 13600 18,000
Puwr Consurption Cooling w 580 (160 ~ 650) 930 (160 - 960) 1,270 (570 - 2.280) Power Consumption Coling v 560 (100 ~ 1,000} 870 (170 ~ 1,150) 1,200 (410 ~ 2,200
Rated (Min ~ Max) Heating @ 47F w 710{150 ~ 2,250) 60150 ~ 2,250 1,540 (520 ~ 2.420) Rated {Min - Max) Heatng @ 47F v 70110 - 1,470} 950 (280 ~ 2,300) 1,300 (430 ~ 3,3600)
Rated (Mae) Heating@ 1 7F v 650 {1.730) | 800 {1,780} [ 1,240 (2,180) Rated (Max) Heating® 17F w 600 (1,440} 720 (1,900} 1,020 {2,480
EER Coolng 155 | 129 12 R Cooling 161 138 125
SEER Coaling 26.0 | 3.0 202 SEER Cooling 305 26.1 220
HS#F V) Heating 100 | 106 103 HSPF (V) Heating 125 15 1.0
Capacity Contrel Variable Speed Compeessor Capaoty Contral Variable Speed Compressor
: R4104 Redrigerant R4104

v ) . y QE 5 208230 1L ED
mm :ﬁ-& 21 | Eﬂg—.ﬁﬂ 27 1 I Moisture Remcns’ | Pinl 06 19 40

Manufacturers design to “yellow tag” rather than actual need, reducing latent capacity for SEER gain

9000Btu/h  2.1pt/h (50pt/day) reduced to 0.9pt/h (22pt/day)
12000Btu/h  2.9pt/h (70pt/day) reduced to 1.9pt/h (46pt/day)



Yellow Tags

« 1 ton Mitsu and Fujitsu ducted — r (

minisplits with similar yellow tag
performance

* Temperatures below 5F (lowest AHRI
test point for Energy Star), Mitsu
drops to low stage with half hour
defrosting

* Note: “smart” defrosting becomes
less frequent at cold temperatures
(see CERV defrost cycle)

Temperaure (F)

Residential Humidity Contral

Ducted Heat Pump vs.
Multisplit Heat Pump

OY NELSON FUNO, PRD, NENEER ASHAAE; NANDJ BHANDAR; JASON LERDY MEMBER ASYRAE

Although ducted systems remain prevalent in North America, ductless multisplit

systems are emerging as an option. For hot-humid and mixed-humid climate zones,

humidity control is as important for comfort as space temperature control. We
present results of the comparison of a zoned traditional ducted variable speed heat
pump and a multisplit heat pump in a test home located in U.S. Climate Zone 3.

115
110
105

100

85
80
75
70
65
60
55
50
a5
40
35
30
25
20
15
10

-10
14:24

Build Equinox Laboratory Mitsubishi & Fujitsu Units; February 4-5, 2022 Urbana lllinois

Daytime - Active
5 Ton Geothermal

—Fujitsu outlet ——Mitsu outlet
——CERV2 outlet ——Indoor Temp
——Qutside Temp

Outside ~ OF

S —
| outside ~0r|

19:12

14:24

19:12

ASHRAE J, July 2024

Two heat pumps with same yellow tags tested in same
house during Tyler Texas cooling season. Traditional
“split system” heat pump used 30% less energy with

much better humidity control than multi-head minisplit



Multi-Family CERV3 IAQ & Comfort Control

Administrative dashboard for monitoring
* Remote diagnostics
* Maintenance checks
* Filter & UVGI bulb replacement scheduling

Administrative
Dashboard

Online control by management & residents
OTA (Over-the-Air) Upgrading
Coordinated control

» Utility time-of-day scheduling

* Building peak demand control possible
Convenient, remote new tenant ID reset

CERV operation independent of WiFi

AlLIAQ & comfort (temperature & humidity) data
archived

CERV3 - 3™ generation smart HVAC:

* Provides comfort conditioning, displacing
need for separate heat pump

* Low GWP refrigerant (R32)

CERV3




Multi-Family Ventllatlon & C

Conventional “One-n-Done”
ERV/HRYV Ventilation Setup

OUTDOOR UNIT

DUCTLESS OR DUCTED
MINIPLIT HEAT PUMP
Annual Head Washing

& Poorly filtere“a‘cassette
heads must be cleaned!

ERV PER APARTMENT OR ONE ERV
SERVING MULTIPLE APARTMENTS

Central unit balancing difficult

Unable to match IAQ needs

omfort Control

Refrigerant leakage due to
cassette head corrosion

FRESH
AIR

=N =N

E COMFORT KITCHEN BATHROOM FRESH

‘ ‘ ‘ CONDITIONING VENTILATION VENTILATION AIR

Aol

ERV

CJ000

AN

Y

@S
]

3000

D"-

B —
O

COMFORT
CJ| CONDITIONING

o,
[
N
|
;




Multi-Family Ventilation & Comfort Control
Frees Roof for additional solar PV for @

utility cost reduction

Build Equinox CERV3 Smart [AQ &
NO OUTDOOR UNIT
Comfort Management

CERV3 PER APARTMENT

CERV3 < half minisplit refrigerant charge (PACKAGED UNIT)

Corrosion resistant design; MERV14 filtered

Integrated IAQ and Comfort Management
No head cleaning
Provides recirculation filtering

air, all aluminum xchanger & ducting
Can detect leaks (VOCs) and ventilate

A Y
FRESH AIR & KITCHEN BATHROOM FRESH AIR &
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CERV3 Fleld Demonstration-White Rlvecht Vermont

2024-2025 CERV3field
demonstration
1200sqft Vermod
'. | manufactured home
i located in White River Jct VT
CERV3 3 occupants

\' " (CERV2 CERV3, 3kW backup duct
I housing) N = heater (CERV3 controlled)

)
==

and HPWH
Winter & Summer data




1200sqft Manufactured Home — White River Junction VT

-Winter Temperatures

®
February 12, 2025 to March 6, 2025 A ] ( E R V 3
Plot Export
Temperature
nside [ Steey | Outside [ St
00
30
« CERV3 maintained
:‘D .
’ comfort through winter
40 extremes
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PPM

1200sqft Manufactured Home — White River Junction VT
-Winter Indoor Air Quality (CO, & VOCs) @E

February 12, 2025 to March 6, 2025 N ﬁ

Plot Export 3 OCCUpantS

CERV3 does not
sacrifice air quality and
occupant health during
Indoor Air Quality winter extremes
e i Yeaton 800ppm CO2 indicates
very healthy air with
more than twice today’s
inadequate ventilation
standard
Green bars indicate
fresh air venting
400 Recirculation during
- non-venting periods
removes particulates
‘_:‘5:\ D _\,‘g g ,v;: (\\5} .(\55 ;55 A A A S _\,‘S" 59 29 3‘.9 ‘A \9 {\,\;\5 & _\,@ Y \,‘;9 and mana ge S comfo rt




1200sqgft Manufactured Home — White River Junction VT
-Winter Electric Power

February 12,2025 to March 6, 2025 N ﬁ
Plot Export
Compressor Power Energy efficient, low
Power I Romive power heat pump
Each residence in
multifamily can be
metered individually for
energy consumption
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1200sqft Manufactured Home — White River Junction VT

-Summer Temperatures

August 1, 2025 to August 31, 2025 o ﬁ
Plot Export

Temperature
Inside | S¢eey I Outside [ &=t
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y 3 person | V Vo[
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40 H |
occupancy unoccupied
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CERY 33

Family preferred very
cool summer indoor
temperatures (<65F)
Occupied and
unoccupied periods
show impact of
occupancy on indoor

temperature levels
Unoccupied maintained
steady at 60F...74F more
typical of summer
indoor temperature
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1200sqft Manufactured Home — White River Junction VT

-Summer Humidity

August 1, 2025 to August 31, 2025

Relative Humidity
RH Inside [l RH Outside [ ~+Seeey I RHExroest

110

100

10N i

80

60

unoccupied

20

7
7

65F&70%rh =
74F&41%rh

LV e

aRE

CERV3 incorporates
high dehumidification
capacity

Note that 65F and 70%rh
is very low humidity.....if
indoor air warmed to
74F, indoor humidity
would be 41%rh
Outdoor humidity is
consistently high

Note
Admin&Maintenance
can remotely monitor
vacant residences to
ensure humidity/mold
problems not
developing




1200sqft Manufactured Home — White River Junction VT
-Summer Indoor Air Quality (CO, & VOCs) .
August 1, 2025 to August 31, 2025 N n

Plot Export e CERV3 automatically

vents when pollutants
8 (CO2/VOCs/PM/PC)
exceed setpoints

Indoor Air Quality Ventilation

€02 voc CLE \/OC peaks from daytime

1,600

automatically reduced

solar heatin
: during unoccupied

o period

Unoccupied periods
may experience
elevated pollutant such
as VOCs released from

1,000

800

PPM

600

400

. materials by daytime
solar heating




1200sqft Manufactured Home — White River Junction VT
-Summer Electric Power

August 1, 2025 to August 31, 2025 N Q

* Very efficient, low

Compressor Power powered cooling and
Power [ Rerive
600 dehumidification
s 500Watts electrical
. power for occupied
o cooling &
s dehumidification =
200 12.5kWh per day
- ~$2.50/day with
$0.20/kWh electricity
100
B L o A o L R b o o o
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“..our tools are better than we are, and grow better faster
than we do. They suffice to crack the atom, to command
the tides. But they do not suffice for the oldest task in
human history: to live on a piece of land without spoiling it.”

Professor Aldo Leopold
University of Wisconsin
1938 speech



