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System Requirements

• Right sized
• Energy Efficient
• Controls Humidity?
• Cooling?
• Ventilation for IAQ
• ELECTRIFIED

Heating

Cooling

Ventilation

Humidity 
Control

Energy 
Efficiency Electrification



ST
AN

D
AR

D
 B

U
IL

D
IN

G
PA

SS
IV

E 
BU

IL
D

IN
G

Passive House Concept



Refrigerants: Why do we care? 

Refrigerants are used in basically every type of cooling & dehumidification equipment, and 
in all heat pumps. New tech*

We are currently in the middle of a major refrigerant transition, with major impacts on the 
heat pump industry (all types). 

This is a very positive change for heat pumps, but the transition will cause hiccups, and 
there are new codes and standards to understand. 

Refrigerants impact the life cycle climate performance of a building (they can improve it if 
they are more efficient, they can worsen it if they have high GWPs and if there are leaks)



Quick History of HVAC refrigerants…

1930 1990 2025

Ammonia
Sulfur Dioxide

Ether

R-11
R-12 R-22 R-410A

R-134A
R-32

R-454B R-290

CFCs & HCFCs
“Freon” Era HFCs Low GWP 

HFCs

Safety 
(Toxicity)

Ozone Depletion 
(Chlorine)

Global Warming 
Potential
(Stability)

Stable. Non-Toxic. 
Low flammability. Efficient.

Zero ozone depletion 
(zero ODP)

Higher pressure.
Lower GWP

Slight increase in 
flammability.



https://www.epa.gov/system/files/documents/2023-10/technology-transitions-final-rule-fact-sheet-2023.pdf

2025 U.S. EPA HFC Phase Ruling (AIM Act)



Code Adoption for A2L refrigerants – MA & 10th Edition Code

• 10th Edition code carries 2021 I-Codes (IMC 2021) which does not have the latest language surrounding A2Ls. 

• Code change progress 

• MARCH 27 2024 : BBRS voted to adopt the first 2 of 8 proposals, updating the ASHRAE 15/34 referenced 

standard to 2022 and UL 60335-2-40

• JULY 9 2024 : BBRS voted to adopt the remaining 6 of 8. These are still going through the process. 

• NOV 12 2024 : BBRS issues advisory document allowing the use of ASHRAE 15 2022 to comply with 10th 

edition code 

*** Solves pipe shaft requirement issues, R-32 & R-454B classifications, proper formulas for 

volume calculations, use of safety shut off valves etc.***



Passive House buildings can accommodate various 
System Approaches

• Heating & Cooling
o Central vs. Decentralized
o Refrigerant vs. Hydronic

• Ventilation
o Central vs. Decentralized

• DHW
o Central vs. Decentralized
o Refrigerant Considerations
o Waste Water Heat Recovery
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VRF

System Approach

Advantages
• Less costly than hydronic
• Packaged control system
• Heat recovery during shoulder season
Disadvantages
• Requires refrigerant line-sets to be run 

throughout the building
• Potential refrigerant loss, with high global 

warming potential – refrigerant transition
• Maintenance costs

VRF CENTRAL 
PLANT



4-pipe or 2-pipe hydronic system

System Approach

Advantages
• High Efficiency
• Opportunities for heat recovery to 

domestic hot water in central DHW 
system

• Improving cold climate performance
• Existing buildings with hydronic piping

Disadvantages
• Cost of equipment and piping is high if 

not already there
• Water / glycol management
• Higher maintenance costs

HEAT PUMP 
CENTRAL PLANT



Air-to-Water Heat Pumps

• Where were we? 

• Modular: 120F HW at -4F ambient
• Unitary: 105F HW at 5F ambient

• Where are we in 2025?

• Modular: 120F HW at -15F ambient
• Unitary: 120F HW at -4F ambient

• Key considerations

• Heat pump or Heat Recovery 

• Low temp terminal units (very small capacities) 

• Integration with back-up heating (Gas or electric)

• High storage also creates thermal battery

Modular

Unitary



VRV driven, split, modular cold climate heat pump chiller
*** Up to 180˚F Water ***

VRV Outdoor 
Heat Pumps

VRV to Water 
Heat Exchangers

W2W HT Boost

180˚F Heating 
Water Supply

160˚F Heating Water Return

Refrigerant 
Piping



Water-source heat pumps

System Approach

Advantages
• Neutral water piped through the building. 

Can re-use existing heating water piping
• Can capture waste heat for domestic hot 

water heating in a central DHW plant
Disadvantages
• Compressor in every apartment
• Lower COP if using air-to-water heat pumps 

in central plant

HEAT PUMP 
CENTRAL PLANT



Ground-source heat pumps

System Approach

Advantages
• Very low energy use
• Can be integrated with solar
• Lower maintenance costs
• Heat recovery to DHW possible
Disadvantages
• Requires real estate for geothermal wells
• High cost, but lower now with tax credits 

available, that apply to full HVAC system
• Compressor in every apartment

Ground Loop 
Vertical Wells



  is a simultaneous system utilizing air or water-source outdoor 
units.  Hybrid BC Controllers with refrigerant-water heat exchangers supply 
variable chilled or hot water to hydronic indoor units

Hybrid Systems

HYBRID VRF BC CONTROLLER
HYDRONIC PIPING

HYBRID VRF INDOOR UNITS



System Approach

Apartment Level Solutions
• Ducted and ductless split heat 

pumps
PROs
• Inexpensive
• Less ductwork / site labor
• Redundancy
CONs
• More equipment to service
• Space requirements for  

outdoor units
• Poor filtration for ductless splits

Decentralized – Splits 



System Approach

Apartment Level Solutions
• Ventilation and Condenser Air 

From Facade
• Mechanical Pod 
• PTAC
• WSHP
PROs
• Less ductwork / site labor
• Redundancy
CONs
• More equipment to service
• Market not yet mature for All-in-

ones
• Often less efficient
• Poor cold temperature 

performance

Decentralized - Packaged



Interior 
Lighting, 
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Plug 
Loads, 

29%

Space Heating, 8%

Service 
Water 

Heating, 
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Typical MF Building in the NE

Hot Water in M ulti-Family in the N orth E ast



Reprinted from: Goldner, F.S., and Price, D.C. - 
Domestic Hot Water Loads, System Sizing and 
Selection for Multifamily Buildings

y = 0.1532x0.691

R² = 0.9947

0

10

20

30

40

50

60

70

80

90

100

0 200 400 600 800 1000 1200 1400 1600

ASHRAE Useage Profile Chart

HIGH

Adapted from ASHRAE Handbook

LO
W

M
ED



DHW  Design and Layout  



HW Consumption 
Measured Data

HW Consumption 
Study for 99 unit Senior 
Housing apartment 
building in NY.

Colonial I monitoring study.  Courtesy of P. Skinner & G. Klein.



• Integrated/Packaged
• Multi-pass
• Small single pass
• Large single pass
• Variable Refrigerant Flow
• Water source/ground source

2024-12-16

Types of Commercial Heat Pump Water 
Heaters



Single-Pass HPDWH Typical Layout

• Low flow, high lift
• Heats water in single pass
• Typically 100°F lift.
• High effective storage 80-90%
• Higher COP

2024-12-16

55°F

165°F

• Low flow, high lift
• Heats water in single pass
• Typically 100°F lift.
• High effective storage 80-

90%
• Higher COP



• Split approach – remote HP 
outdoors

• Commercial use - larger load 
capacity

• Generally serves 40-60 
residences, hotel rooms

• Single pass
• Larger footprint
• Capable of heating at lower 

ambient temperatures

Large Single Pass



Refrigerant to Water 
Cascade Unit

VRV/VRF Heat Pump Indirect DHW Tank
140F

Outdoors Indoors

*Simplified schematics – for conceptual discussion only – components and accessories missing

Cold climate VRV split modular domestic hot water heater

City Water
DHW Supply 

Refrigerant Gas
Refrigerant Liquid

Hot Water Return
Hot Water Supply
 

• Split setup so all water can remain indoors (avoids the need for glycol)
• High temp: up to 194F hot water heating loops (via a cascade boost unit)

NSF CERTIFIED HEAT EXCHANGER



Cold climate VRV split modular domestic hot water heater



*Simplified schematics – for conceptual discussion only – components and accessories missing

Water source / Geothermal domestic hot water heater

• Modular with single point electrical connection
• Low GWP refrigerant
• Double wall NSF rated heat exchanger 



Where else can we recover heat?

Wastewater outlet
Average Temp: 70F

Cold 
Water In

DHW 
Heater



Vent Wastewater
OVERFLOW

Wastewater IN

Domestic
Preheated Water

Cold Water IN

Hot Water OUT

Wastewater Holding Tank
With Solids Handling Pumps

Wastewater 
IN

Wastewater 
OUT

Domestic
Cold Water

Wastewater drain
OUT downstream of 
holding tank

Wastewater Heat Recovery 



CO2 HP HW Heater Central Plant

CO2 Heat Pumps

360 GALLONS OF 
STORAGE

HEAT PUMP HW 
HEATER – SWING 

TANKS

HW 
OUT

RE-
CIRC

CW IN

ELECTRIC 
BACK-UP HEAT

HEAT PUMP 
CAPACITY ~12% 

OF ORIGINAL GAS 
CAPACITY!



55 unit Apartment Building in Pittsburgh



Thank you!

Evan Bissonnette
Area Sales Manager – Commercial
Mitsubishi Electric Trane HVAC US
ebissonnette@hvac.mea.com 

Galen Staengl, PE, LEED AP, CPHC
Principal
Staengl Engineering
galen@staenglengineering.com 

JS Rancourt
Principal
HTS/DXS New England
Js.Rancourt@dxseng.com 
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