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• Comfort vs. thermodynamics?

• Example systems

• What’s changing with residential construction?

Topics we’ll cover…
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• Retrofitting an AWHP to an existing system

• Poor perceptions of hydronic systems

• Why hydronics?

• What’s an air-to-water heat pump?
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• Electrification is coming - and FAST!



Electrification is happening - everywhere…

This trend represents a huge 
opportunity for the North 
American hydronics industry.

During 2020, utility-scale solar photovoltaic systems and 
utility-scale wind turbine systems accounted for more than 
75 percent of all new electrical generation in the U.S.



fuel leaking from buried tanks

Electrification in North America 

https://www.cesa.org/wp-
content/uploads/Advancing-
Toward-100.pdf

The “operative” word in 
these energy targets is 
ELECTRICITY…



fuel leaking from buried tanks

WESTCHESTER COUNTY, NY: National Grid has said it will not approve 
requests for new or upgraded gas service in its territory in New York City 
and Long Island until the state approves a $1 billion natural gas pipeline, 
arguing there will be a lack of adequate gas supply until it's built.

Westchester County, NY

HOLYOKE MA,— Holyoke Gas and Electric (HG&E) has imposed a 
moratorium on new natural gas connections for residential and 
business customers, citing no increases in pipeline capacity by 
Berkshire Gas and Columbia Gas of Massachusetts.

Moritoriums on fossil fuels - happening rapidly

Other locations where natural gas is being restricted 
(or banned in some instances)

SACRAMENTO

VANCOUVER

SEATTLE, WA -- As of Jan 1, 2022 multi-family building of 4 stories 
of less will no longer be permitted to use natural gas for heating or 
hot water.  Gas fireplaces, cooking appliances will still be permitted

SAN FRANSISCO
NEW YORK CITY

OAKLAND

BROOKLINE, MA



fuel leaking from buried tanks

Net-zero buildings are one of the fastest 
growing sectors of the construction market

The Global Zero Net 
Energy Building (NZEB) 
Market is expected to grow 
at a significant CAGR of 
15% by 2028.

The zero net energy (ZNE) homes market is just 
beginning to emerge, according to a recent 
report from Navigant Research called ZNE, 
Near-ZNE, and ZNE-Ready Homes: Market 
Drivers, Case Studies, and Forecast Data. 
Growth is expected to reach 27,000 total units by 
2025.

The Net-Zero Energy Coalition estimates the U.S. 
has only 5,000 net-zero energy single-family homes 
and over 7,000 net-zero multi-family homes. That 
number could expand in 2020 to over 100,000 net-
zero energy homes, based on the average annual 
new home constructions in California.



Poor perception
of hydronic systems

in low-energy 
residential applications 



tankless coil

Hydronic heating circa 1900

How did we get from this...



To this??



tankless coil

To this??



Is this what it takes to operate a hydronic heating system???

This is not the future of hydronics!



Simple is better

• Zoned space heating
• Single zone cooling
• Domestic hot water
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More on this later…



Adapting hydronics 
technology to evolving 
building requirements



Factors affecting residential building
• Energy codes (and energy prices) are forcing lower design heating loads 
(Pre-1990 houses design load where typically 25-40 Btu/hr/ft2)

(Modern low energy houses have typical design loads of 10-15 Btu/hr/ft2)

• Strong interest in “net zero” homes - all electric w/ solar PV electric systems
(Strong incentive for use of heat pumps)  

• Internal heat gains can have more significant impact on internal temperature
(Room-by-room zoning is important to control overheating)

• Large surface area radiant panels operate at low surface temperatures (71-75ºF) in low-energy homes. 
(Heated floors don’t get as warm as they used to - they don’t need to...)

• Strong consumer interest in sustainability, resiliency, and recyclable materials
(Well constructed hydronic systems can last for decades. Steel is highly recyclable)

• Discriminating interest in achieving superior comfort
(Significant % of homeowners dissatisfied with the comfort of their current HVAC system)

• Increasing interest in good interior environmental quality
(Limiting spread of interior odors, dust, microbes)

• More consumers want cooling in their home
(This has been a “missing piece of the hydronics puzzle” for decades - but it’s changing…)

?



It’s about COMFORT…

Not just matching BTU 
delivery to load…



historicshed.com

Common suggestion for net zero houses….
Install a ductless mini-split air-to-air heat pump, 
with 1 or 2 indoor wall cassettes, and leave the 
interior doors open for heat distribution.

from www.greenbuildingadvisor.com 

“Leave bedroom doors open during the day 
If you want to heat your house with a ductless minisplit 
located in a living room or hallway, you’ll need to leave your 
bedroom doors open during the day. When the bedroom 
doors are closed at night, bedroom temperatures may 
drop 5 F° between bedtime and morning.” 

“If family members don’t want to abide by this approach, or 
don’t want to accept occasional low bedroom temperatures 
during the winter, then supplemental electric resistance 
heaters should be installed in the bedrooms.”

Why is the “net zero” housing market seemingly defaulting 
to mini-split heat pumps rather than hydronics?

The “sub 0ºF” COPs of cold climate ductless 
mini-split heat pumps with inverter 
compressors,  are not publicized.

source: Revision Energy

This is certainly a compromise in comfort.



Indoor Environmental Quality (IEQ) is affected by many factors, including:

• Temperature of surrounding surfaces (mean radiant temperature)
• Air temperature stratification (variations from floor to ceiling)
• Relative humidity
• Air movement (drafts, or higher velocity air movement)
• Air cleanliness (dust & microbes suspended in air)
• Undesirable noises

Many people don’t understand what is possible regarding the comfort delivered 
by their heating system, and assume that they must accept what they have.

Why is this import?

Many (most?) people believe that air temperature is the 
sole “proxy” for human thermal comfort.

Thermal comfort is achieved when the 
surrounding environment allows heat 
loss from the body to balance metabolic 
heat production

courtesy of www.healthyheating.com

• Air temperature



It’s not just about delivering BTUs… It’s about delivering COMFORT

www.amazon.com

BTUs delivered - except during defrost…
historicshed.com

Comfort delivered

BTUs
out

BTUs
out

BTUs
out

BTUs
out

BTUs
out

BTUs
in

"BTUs in a box"
approach to heating

The “Btus in a box” 
approach to comfort 
is very incomplete…

When heat supply 
rate = heat loss rate, 
the thermodynamics 
necessary for stable 
interior temperature 
are satisfied…



Why hydronics?



Water vs. air: Use the advantage nature has provided…

courtesy of Dan Foley

A given volume of water can absorb almost 3500 
times as much heat as the same volume of air, 
when both undergo the same temperature change

1/2” PEX-AL-PEX 
tubing



Hydronics allows for minimally invasive installation

9" diam. duct
carrying air
45 ºF ∆T

7" x 10" duct
carrying air
45 ºF ∆T

1/2" PEX tube
carrying water

20 ºF ∆T

"Conduit" size required for 
12,000 Btu/hr heat transfer rate

floor framing



Modern hydronics is the 
“glue” holding together 
many thermally-based 
renewable energy systems.

Hydronics & Renewable Energy

Regardless of what solar collector, geothermal heat pump, or wood-fired boiler is selected, if the distribution 
system, controls, and heat emitters are not properly matched, that system will not perform well.



• Unsurpassed comfort
• Easy to adapt to wide range of renewable heat sources
• Low temp. operation (high heat source efficiency)
• Very high distribution efficiency
• Thermal storage potential
• No building filled with refrigerant tubing (e.g., no VRF)
• Easy integration with existing (now “auxiliary”) heat sources 
• Very easy to zone to reduce loads
• Potential for thermal metering (ASTM E3137 now in place)

Why hydronics enhances renewable heat sources



distribution efficiency=120,000 Btu/hr
340 watts

 = 353 Btu/hr
watt

 

High efficiency hydronic heating systems should minimize fuel usage 
as well as the electrical energy needed for heat distribution.

Why is this import?

distribution efficiency= rate of heat delivery 
rate of energy use by distribution equipment

 

Interpretation:  Each watt of electrical power supplied to the distribution system 
delivers 353 Btu/hr from the heat source to where it’s needed in the building.

Hydronics provide superior DISTRIBUTION EFFICIENCY

Example: Consider a system that delivers 120,000 Btu/hr at design load 
conditions using four circulators operating at 85 watts each.  The 
distribution efficiency of that system is:

each circulator
requires 80 watts

power input



So is a distribution efficiency of 353 Btu/hr/watt good or bad?
To answer this you need something to compare it to.

distribution efficiency= 80,000 Btu/hr
850 watts

 = 94 Btu/hr
watt

The previously assumed hydronic system had a distribution efficiency 
almost four times higher than the forced air system.

Water is vastly superior to air as a conveyor belt for heat.

With modern hydronic hardware and design methods (panel radiators, variable 
speed ECM circulator, homerun distribution system) the distribution efficiency has 
the potential to be MUCH higher…

Suppose a furnace blower operates at 850 watts while delivering 80,000 
Btu/hr through a duct system.  It delivery efficiency would be:



With good design and modern hardware it’s possible to 
design a homerun distribution system for panel radiators 
that can supply 30,800 Btu/hr design load using only 8.6 
watts of electrical power input to circulator!

What’s possible with modern hydronic design…

Taco 0018e
4-44 watts

(Bluetooth communication)

distribution efficiency =
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The distribution efficiency possible with a well-designed hydronic system 
far exceeds that attainable with forced air systems

distribution efficiency =
30,800 Btu

hr
8.6watt

=  3581Btu / hr
watt

distribution efficiency= 80,000 Btu/hr
850 watts

 = 94 Btu/hr
watt

In this comparison the hydronic system 
uses only 2.6% of the electrical energy 
required by the forced air system for equal 
heat transport (source to load).

94
3581

= 2.6%



What is an
air-to-water 
heat pump?



Heat pump “flavors”
“Ductless”, “mini-split”

air-to-air heat pump
water-to-water

heat pump

air is the 
source of 
the heat

water is the 
“conveyor belt” 
moving heat to 

the building

building

heat
flow

air-to-water
heat pump
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A recent issue of idronics dealt with air-to-water heat pumps

https://idronics.caleffi.com



Self-contained (“monobloc”) air-to-water heat pumps



Internals of a monobloc air-to-water heat pump
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Self-contained (“monobloc”) air-to-water heat pumps

• Pre-charged refrigeration system

• Some have internal circulator, 
others don’t

• Should have freeze protection in 
North American applications

Use 25-40% propylene glycol
in the entire system
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The use of a heat exchanger 
forces the HP to operate at higher 
condensing temperatures, and 
thus lower COP.

Requires 2 circulators & additional 
hardware / installation labor.



Split system air-to-water heat pump

Indoor unit

Heating mode:
1. condenser
2. circulator
3. expansion tank
4. aux element
5. controls

Cooling mode:
1. evaporator
2. circulator
3. expansion tank
4. controls

Outdoor unit
Heating mode:
1. compressor
2. evaporator
3. expansion device

Cooling mode:
1. compressor
2. condenser
3. expansion device
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The heating capacity of most AWHPs 
decreases with increasing condenser 
temperature.

Heating Performance
The COP also decreases 
with increasing condenser 
temperature.
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Use outdoor reset control for buffer tank temp. during heating season 
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Enhanced 
Vapor Injection (EVI) 

Systems
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• EVI cools the liquid refrigerant to lower temperature 
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New Concepts for
air-to-water
heat pumps



Bring your own condenser...
ThermAtlantic Energy Products, Inc.
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Interior air-to-water heat pump (corner)



Currently available air-to-water heat pumps:
Aermec 
(Residential & Commercial AWHPs)

Arctic heat pump 
(Residential / light commercial AWHPs)

Chiltrix 
(Residential / light commercial AWHPs)

Enertech Global 
(Residential / light commercial AWHPs)

Nordic 
(Residential / light commercial AWHPs)

SpacePak 
(Residential / light commercial AWHPs)

ThermAtlantic 
(Residential / light commercial AWHPs)

Multiaqua 
(Residential / light commercial AWHPs)

Electro Industries 
(Residential / light commercial AWHPs)

Anticipated products:

Mitsubishi
(Residential & Commercial AWHPs)

Taco
(Residential / light commercial AWHPs)

Stiebel Eltron
(Residential / light commercial AWHPs)

Emmeti 
(Residential / light commercial AWHPs)

Group Atlantic 
(Residential / light commercial AWHPs)

GREE
(Residential / light commercial AWHPs)



Why the
North American

air-to-water 
heat pump

market will grow



Global air-to-water heat pump market:

* Source:  JARN July 2020,

In July 2020, the Japanese HVAC publication JARN reported the pace of air-to-water heat 
pump adoption, globally, in 2019, increased at an annualized rate of 25.8%, reaching a 
demand of 3.42 million units.

China accounted for just over 2 million of these units. Around 600,000 units were attributed 
to the European market, lead by France, Germany and Italy.

Many of these heat pumps were installed as part of phase out plans for oil-fired boilers and 
low efficiency gas-fired boilers.

Asian manufacturers [Daikin, Mitsubishi, Fujitsu, Hitachi, Samsung, LG, Gree, Toshiba]
German manufacturers [Dimplex, Wolf, Viessmanm, Bosch,Vaillant] 
Canadian manufacturers [ThermAtlantic, Nordic, Arctic, Aermec]



1. Rapidly growing interest in Net Zero houses:  

Source: Zerohomes.org

Trends supporting an emerging market for air-to-water heat pumps in North America 

Source: Revision Energy

• North America held the largest market share for net-zero construction accounting for 79.1% in 2018. 
The North American market is projected to grow at a CAGR of 16.0% during the period 2019-2024.

• Net metering laws - where they exist - allow owners of photovoltaic systems to sell surplus electrical power 
back to the utility at full retail rate.  

• Typical net zero house has a low loss thermal envelope, and a sizable solar photovoltaic array.  



2. Decreasing heating loads: 
• Pre-1990 houses design load where typically 25-40 Btu/hr/ft2

• Modern low energy houses have typical design loads of 10-15 Btu/hr/ft2

Often difficult to find a boiler small 
enough to avoid oversizing, and short 
cycling under partial loads. 

gas-fired
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26,400
75,600
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(Btu/hr)
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HEAT 
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(Btu/hr)

boiler model

Trends supporting an emerging market for air-to-water heat pumps in North America 

Consider a 1800 ft2 house at 10 Btu/hr/ft2 design load = 18,000 Btu/hr (5.3kw) (at design!)



3. Eliminating gas eliminates the basic service charge for a gas meter
Trends supporting an emerging market for air-to-water heat pumps in North America 

In some low energy houses the 
basic service charge could exceed 
the cost of purchased natural gas.

A perfect case for hydronic heat metering



4. Safety / liability issues associated with fossil fuels

fuel leaking from buried tanks

corroded vent piping

CO leaks inside bldg. 

plugged boiler HX due to 
sustained flue gas 
condesnsation

Trends supporting an emerging market for air-to-water heat pumps in North America 



5.  The geothermal heat pump industry is highly dependent on subsidies:

Do you want to build 
your business model 
on the assumption 
that subsidies will 
always be there?

50% decline in US residential GHP shipments during 
2017, after original federal tax credit expired 12/31/16.

https://www.geoexchange.org/news/

This tax credit was reinstated in Feb 2018, retroactive to its 12/13/16 expiration.

Trends supporting an emerging market for air-to-water heat pumps in North America 

current credits



6. Air-to-water heat pumps are 
significantly less expensive to install 
compared to geothermal heat pumps:

This is especially true if vertical 
boreholes are required for the earth loop.  

In my area, these holes cost about 
$3,000+ per ton for drilling, pipe 
insertion, and grouting.  Additional cost is 
incurred for connecting multiple vertical 
piping loops, and routing piping back to 
the location of the heat pump.

geothermal heat pump
typical installed cost = $X

air-to-water heat pump
typical installed cost 
= $(30% to 50%)X

Trends supporting an emerging market for air-to-water heat pumps in North America 

In simplest terms: Air-to-water heat 
pumps eliminate the geothermal loop



7. Air-to-water heat pumps are 
significantly less disruptive to install 
compared to geothermal heat pumps: 

www.thegeoecchange.org

In my area, vertical earth loops cost about $3,000+ 
per ton for drilling, pipe insertion, and grouting.  
Additional cost is incurred for connecting multiple 
vertical piping loops, and routing piping back to the 
location of the heat pump.  The drill “tailings” usually 
have to be removed from the site.

Replacement of any 
affected pavements 
or landscaping also 
needs to be 
factored into the 
cost of installing a 
geothermal heat 
pump system.

Horizontal earth loops require large land areas and 
major excavation.  

Trends supporting an emerging market for air-to-water heat pumps in North America 



8.  As home space heating loads 
get smaller, the domestic water 
heating load becomes an 
increasingly higher percentage 
of the total annual heating 
energy requirement. 

A standard electric water heater providing domestic water heating in a 
situation where the heat pump cannot, delivers heat at a COP of 1.0.  If 
that energy was instead attained through an air-to-water heat pump, it 
could be delivered at a COP averaging perhaps 2.5 over the year.  For a 
family of 4, needing 60 gallons per day of water heated from 50 to 120 
ºF, and assuming electrical energy priced at $0.12 per KWHR, the 
difference in annual domestic water heating cost between these 
options is $270. 

Water heating COP = 2.5+

Water 
heating COP 

= 1.0

Some estimates put the DHW load at 25-30 percent of the 
total annual energy requirement in a well insulated 
modern home.   

Trends supporting an emerging market for air-to-water heat pumps in North America 

air-to-water heat pump

+

Most ductless mini-split heat pumps cannot provide 
domestic water heating, but a properly configured 
air-to-water heat pump can. 



9.  The high COP cited for some 
geothermal heat pumps doesn’t 
include the power required to move 
flow through the earth loop.

Example:  A specific water-to-water geothermal heat pump has the follow listed performance information:  
Earth loop entering temperature = 30ºF
Entering load water temperature = 100 ºF
Flow rate (both evaporator and condenser) = 9 gpm
Heating capacity = 27,700 Btu/hr
Electrical power input = 2370 watts

Example of a commercially available 
earth loop flow center.
4, UP26-150 circulators (370 watts 
each) = 1,480 watts pumping power 
input.

Based on a typical earth loop, the pumping requirement is 10.5 gpm at 35.5 feet of head.  This equates 
to an estimated pump input of 287 watts.

COPHP only =
27700 Btu

hr

2.37kw( )
3413Btu

hr
kw

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟

= 3.42

The high flow and head required in some geothermal earth loops requires substantial circulator power.

COPHP +loop pump =
27700 Btu

hr

2.37kw + 0.287kw( )
3413Btu

hr
kw

⎛

⎝

⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟

= 3.05

Nominal 11% drop in “net” COP

The ANSI 13256-2 standard for geo heat pump COP includes an estimate for the power required to move flow through 
the heat pump - BUT DOESN’T INCLUDE ANY ALLOWANCE FOR THE EARTH LOOP PUMPING POWER.

Several trends suggest that a growing market will emerge for air-to-water heat pumps. 



Example:  A house has a design heating load of 36,000 Btu/hr when the outdoor temperature is 0 ºF, and the indoor temperature is 70 
ºF.  The house is located in Syracuse, NY with 6,720 annual heating ºF•days.  The estimated annual space heating energy use is 49.7 
MMBtu.  Assume that one heat pump option has a seasonal average COP of 3.28.  The other heat pump has a seasonal COP of 2.8. 

S = load 1
COPL

− 1
COPH

⎡

⎣
⎢

⎤

⎦
⎥ = 49.7

1
2.8

− 1
3.28

⎡
⎣⎢

⎤
⎦⎥
= 2.6MMBtu / year

The cost savings associated with an energy savings of 2.6 MMBtu/hr depends on the cost of electricity.  For example, if electricity sells at a flat 
rate of $0.13 / KWHR, the cost savings would be:

Cost savings = 2.6MMBtu
year

292.997KWHR
1MMBtu

⎛
⎝⎜

⎞
⎠⎟

$0.13
KWHR

⎛
⎝⎜

⎞
⎠⎟ = $99 / year

Can the added cost of the higher COP heat pump be recovered in a reasonable time?

10.  The “COP gap” between geothermal and low ambient 
air source heat pumps is closing.

You don’t pay for COP! (you pay for kilowatt•hours)

Trends supporting an emerging market for air-to-water heat pumps in North America 



11.  Boilers don’t provide cooling
• This has long been an “Achilles heel” for hydronics

• Rather than tell prospective “heating” customers that they need an entirely separate 
system if the want cooling, heat pumps offer the opportunity to it in a single system.

• Existing hydronic systems can potentially be upgraded to include cooling.

• New hydronic systems can be designed to include cooling.
Several approaches:
• single zone cooling / multi-zone heating
• zoned air handlers
• zoned wall consoles / cassettes
• single coil with zoned fans
• radiant panel cooling

Myson iVector wall console SpacePak high wall cassette

air handler w/ chilled water coil

pre-insulated 3/4” PEX



Importance of low 
temperature 

distribution systems



Heat sources such as condensing boilers, geothermal & ATW heat pumps, 
and solar collectors all benefit from low water temperature operation.
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floor heating (bare slab)

wall heating
ceiling heating

panel radiators
fan-coils

traditional fin-tube baseboard
traditional cast-iron radiators

covered heated slab
thin slab

underfloor tube&plate
above floor tube&plate
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120 ºF, suggested maximum supply water temperature for modern systems

fan-assisted panel rads

fuel leaking from buried tanks

A suggested criteria:  Design all hydronic space heating systems so 
that they can deliver design heating load using a water temperature 
no higher than 120 ºF - even lower when practical.

This is well within the reasonable efficiency range of modern hydronic heat sources such as geothermal 
water-to-water heat pumps, air-to-water heat pumps, biomass boiler systems, and mod/con boilers

Don’t feel constrained to select heat emitters based on “traditional” supply water temperatures…

fan-assisted
panel radiator

microfans
1.5w each

This “Future-proofs” your hydronic distribution system



Slab-on-grade floor heating
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Is radiant floor heating always the answer? 

“Barefoot friendly” 
floors...



Consider a 2,000 square foot well insulated home with a design heat loss of 
18,000 Btu/hr.  Assume that 90 percent of the floor area in this house is heated 
(1800 square feet).  The required upward heat flux from the floor at design load 
conditions is:

heat flux= design load
floor area

= 18,000 Btu/hr
1,800 square feet

=10 Btu
hr•ft2

To deliver 10 Btu/hr/ft2 the floor only has 
to exceed the room temperature by 5 
degrees F.  Thus, for a room at 68 degrees 
F the average floor surface temperature is 
only about 73 degrees F. ?This is not going to deliver "barefoot 
friendly floors" - as so many ads for 
floor heating promote. 

Tf = average floor surface temperature  (ºF)
Tr= room air temperature (ºF)
q=heat flux (Btu/hr/ft2)

Is radiant floor heating always the answer? 



A comparison of THERMAL MASS 
for several heat emitters: All heat 
emitters sized to provide 1000 Btu/hr at 
110 ºF average water temperature, and 
70 ºF room temperature:

4” heated slab

cast iron radiator

tube & plate
floor heating

radiant ceiling heat

compact panel radiator

fan-assisted 
panel radiator

Low thermal mass heat emitters 
are generally preferred in low 
load  buildings - due to fast 
response characteristic



Site built radiant CEILINGS…

Thermal image of radiant ceiling in operation

Where:

Q = heat output of ceiling (Btu/hr/ft2)
Twater = average water temperature in panel (ºF)
Troom = room air temperature (ºF)

Heat output formula:
q = 0.71× (Twater −Troom )



Site built radiant WALLS… • completely out of sight
• low mass -fast response
• reasonable output at low water temperatures
• stronger than conventional drywall over studs
• don’t block with furniture

q = 0.8 × (Twater −Troom )
Where:

Q = heat output of wall (Btu/hr/ft2)
Twater = average water temperature in panel (ºF)
Troom = room air temperature (ºF)

Heat output formula (for above construction):



From setback to almost steady state in 4 minutes…

Panel Radiators respond quickly…

Hydronic heat emitters options for low energy use houses
Panel Radiators



•  Adjust heat output for 
operation at lower water 
temperatures.

 As an approximation, a panel radiator operating with an average water temperature 
of 110 ºF in a room room maintained at 68 ºF, provides approximately 27 percent of 
the heat output it yields at an average water temperature of 180 ºF.

Hydronic heat emitters options for low energy use houses
Panel Radiators



• Wider availability in Europe
• Designed to operate with 104 ºF water 
• Expect more offerings in North America

Fan-assisted Panel Radiators

Courtesy of Vogel  & Noot



What about retrofitting
existing hydronic systems
in buildings transitioning 

to electric HVAC?



A rational path toward electrification

Hydronics 
technology can 

enable a rational 
transition…

1. Can the utility grids handle rapid and extensive 
shift from all fossil fuels to electricity?

2. Should all existing hydronic heat sources 
operating on fossil fuel be immediately scrapped 
and replaced by heat pump?



The existing (or new) boiler can provide 4 
important functions:

Don’t write off existing (or new) boilers, in combination with air-to-water heat pumps

4. One of the biggest challenges to electric utility 
planners is how to meet peak winter loads if many 
buildings have air-source heat pumps with electric 
resistance backup.  Having a non-electric boiler in the 
system reduces this issue.  This “dual fuel” concept 
needs to be promoted, and hydronics is the perfect 
“media” to implement it.

3. Backup heat powered from a small generator 
during a utility outage (400 watts to operate 
boiler vs. 4000 watts to operate heat pump).

2. Backup heating if heat pump is down 
for servicing.

1. Supplemental heat during extreme 
cold weather.



These temperatures cannot be supplied by current 
generation heat pumps.

Existing hydronic distribution systems are usually designed for 
high temperature water (160 to 200 ºF at design load)

Air to water heat pumps can contribute the majority of space heating 
energy use during partial load conditions.  

75+ % of seasonal load can be met without extensive 
modification of the higher temperature distribution system.

However, the vast majority of space heating energy 
use does NOT occur at or near design load.



NYSERDA is current funding development of an air-to-water heat pump simulator

Simulates specific air-to-water 
heat pumps in a range of NYS 
climates.

Detailed models for heat pumps, 
hydronic heat emitters, and 
building loads.

Allows comparison with 
other heat pump options.

Allows input for domestic water 
heating load, as well as space 
heating and cooling loads.

Uses an “aggressive” model for 
derating capacity and COP based 
on defrosting.



Here are some results
location ALBANY BROOKLYN PLATTSBURG

design heating load (Btu/hr) 54,000 41,831 59,327

electric cost ($/kwhr) $0.12 $0.21 $0.05

cost of AWHP $15,000 $18,000 $15,000

cost of AAHP $9,500 $11,400 $9,500

assumed ave COP of AAHP 2 2.2 2.0

ave COP of AWHP 
(180ºF water @ design)

2.64 2.89 2.70

ave COP of AWHP
(140 ºF water @ design)

2.8 3.06 2.78

ave COP of AWHP
(30% load reduction allowing
147ºF water @ design load)

2.74 3.05 2.75

ave COP of AWHP (30% load 
reduction & 60 GPD DHW

2.79 3.08 2.76

% of space heat & DHW load 
covered by AWHP, no modification 
of hydronic system or load

84.2% 84.0% 81.0%

% of space heat & DHW load 
covered by AWHP (w/ 30% load 
reduction & 60 GPD DHW

96.3% 95.8% 97%

15 yr life cycle O&O cost of AWHP 
assuming 30% load reduction & 60 
GPD of DHW

$30,481 $37,356 $20,451

15 yr life cycle O&O cost of AAHP 
assuming 30% old reduction & 60 
GPD of DHW

$33,723 $43,294 $18,488

The air-to-water 
heat pump used
 was SpacePak 
LAHP  048

The design heating loads of 
the house were adjusted based 
on the outdoor design 
temperature so that the same 
thermal envelope is being 
simulated in all three 
locations. 

The house modeled was based on 1970s vintage thermal  envelope, 
1800 square foot house with design load of 30 Btu/hr/ft2.  

The hydronic distribution system 
was assumed to be fin-tube 
baseboard with a supply water 
temperature requirement of 180 
ºF at design load.



Based on these simulations…
location ALBANY BROOKLYN PLATTSBURG

design heating load (Btu/hr) 54,000 41,831 59,327

electric cost ($/kwhr) $0.12 $0.21 $0.05

cost of AWHP $15,000 $18,000 $15,000

cost of AAHP $9,500 $11,400 $9,500

assumed ave COP of AAHP 2 2.2 2.0

ave COP of AWHP 
(180ºF water @ design)

2.64 2.89 2.70

ave COP of AWHP
(140 ºF water @ design)

2.8 3.06 2.78

ave COP of AWHP
(30% load reduction allowing
147ºF water @ design load)

2.74 3.05 2.75

ave COP of AWHP (30% load 
reduction & 60 GPD DHW

2.79 3.08 2.76

% of space heat & DHW load 
covered by AWHP, no modification 
of hydronic system or load

84.2% 84.0% 81.0%

% of space heat & DHW load 
covered by AWHP (w/ 30% load 
reduction & 60 GPD DHW

96.3% 95.8% 97%

15 yr life cycle O&O cost of AWHP 
assuming 30% load reduction & 60 
GPD of DHW

$30,481 $37,356 $20,451

15 yr life cycle O&O cost of AAHP 
assuming 30% old reduction & 60 
GPD of DHW

$33,723 $43,294 $18,488

• Adding heat emitters to lower design load water temperature from 
180 ºF to 140 ºF improves seasonal COP about 6%.

• Reducing the design load by 30% through envelope improvements, 
which allows design load water temperature to drop from 180 to 147ºF 
improves seasonal COP 4-6%.

• Reducing the design load by 30%, which allows design load water 
temperature to drop from 180 to 147ºF and including 60 GPD of 
domestic water heating (50-120ºF) increases seasonal COP 5-7%

• The air-to-water heat pump is providing 84 to 97% of the 
seasonal space heating + DHW energy, even using an unmodified 
“high temperature” baseboard distribution system.

• 15 year life cycle total owning and operating cost of the air-to-water 
heat pump system is competitive with that of an air-to-air heat pump 
combined with electric resistance domestic water heating.

• Looking forward - using a low ambient air-to-water heat pump in 
a low energy building envelope is likely to show seasonal COPs 
of 3.0 or higher.



Lowering water 
temperatures in existing 

hydronic systems



Two ways to reduce the supply water temperature of any hydronic heating system:

1. Reduce the design load of the building envelope through improvements 
such as added insulation, better windows and reduced air leakage.

Combinations of these two approaches are also possible.

2. Add heat emitters to the existing system.



Common piping configurations for residential fin-tube 
baseboard systems.

Fin-tube typically sized based on supply water 
temperatures (180-200 ºF) at design load conditions.

Retrofitting existing high temperature distribution systems



Convert the series system to a parallel system
• Parallel piping of heat emitters is 
preferred over series piping 
because is eliminates sequential 
temperature drop from one heat 
emitter to another.

• Parallel piping also allows for 
easier zoning and flow balancing.

•Likely easier to “morph” 
distribution system from series to 
parallel using homerun circuits of 
1/2” PEX or PEX-AL-PEX.



Zoning each circuit using thermostatic radiator valves



Zoning each circuit using manifold valve actuators

existing baseboard

existing baseboard
added 
panel 
rad.

1/2" PEX pr PEX-AL-PEX
tubing (typical)

manifold 
station

3/4"C x 1/2"PEX
90º adapter

existing baseboard existing 
baseboard

existing baseboard existing 
baseboard

3/4" copper

3/4"C x 1/2"PEX
straight adapters

added 
panel 
rad.

added panel rad.

added 
panel 
rad.

multi-zone controller

manifold 
valve 

actuators

T-stat

T-stat

T-stat

T-stat



idronics #25 covers water temperature reduction in detail

existing baseboard

existing baseboard
added 
panel 
rad.

1/2" PEX pr PEX-AL-PEX
tubing (typical)

manifold 
station

3/4"C x 1/2"PEX
90º adapter

existing baseboard existing 
baseboard

existing baseboard existing 
baseboard

3/4" copper

3/4"C x 1/2"PEX
straight adapters

added 
panel 
rad.

added panel rad.

added 
panel 
rad.

multi-zone controller

manifold 
valve 

actuators

T-stat

T-stat

T-stat

T-stat



What about domestic hot water?



It’s natural to think that using an air-source heat pump 
for space heating, along with a heat pump water heater 
for domestic hot water is a good solution…

+



Using a low ambient air-to-water heat pump for both space heating & domestic hot water is 
likely more efficient than combining an air-to-air heat pump with a heat pump water heater.

Combining an air-to-air heat pump with a heat pump water heater

COP1

electric
energy
input 1

COP2

heat pump 1
(space heat)

electric
energy
input 2

QDHW

heat 
pump 2
(DHW)

(space heat)
free
heat COPnet =

COP1
COP1 −1

⎛
⎝⎜

⎞
⎠⎟

COP2
COP2 −1

⎛
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⎞
⎠⎟
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⎞
⎠⎟
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⎡

⎣
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⎤

⎦
⎥
⎥

Consider an installation where the heat pump that supplies 
space heating is operating at a COP1 of 4.0.  The heat pump 
water heater is operating at a COP2 of 3.0.  The net COP 
based on getting free heat into domestic water would be:

COPnet =

COP1
COP1 −1

⎛
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= 2.0

COPnet =
outdoor (free) heat delivered to domestic water

electrical energy required



Control strategy for DHW using air-to-water heat pump

PRV

flexible 
connectors

OU
TS

ID
E

IN
SI

DEoutdoor
temperature

sensor

variable-speed
pressure-regulated

circulator

electric water heater

ASSE 1017
anti-scald valve

DHW

CW

thermostatic
radiator valves
(TRV) on each

radiator

TRV

TRV

TRV

1/2" PEX, PE-RT or 
PEX-AL-PEX tubing

dual isolation valve on 
each panel radiator

spare
connections

motorized
diverter
valveAB

B

A

buffer tank

 air handler (cooling only)
 monobloc inverter

air-to-water heat pump

to / from
other

radiators

system operated on 30% 
propylene glycol antifreeze

P&TRV
air vent

co
ld

 w
at

er

electric
boiler

1.2 psi

1. During heating season the buffer 
tank temperature is maintained based 
on outdoor reset control.

2. During “non-heating” season the 
buffer tank temperature is 
maintained based on setpoint control 
(120-130 ºF) range. [warm outdoor 
temperatures = high COP, and high 
heating capacity]

3. During cooling season, a call for 
cooling takes priority over call for 
DHW.

4. temperature-based time delay 
on air handler blower startup to 
allow fluid to “chill” down to 70 ºF 
prior to air circulation.



• Multiple (staged) heat pumps
Air to water heat pumps can also provide commercial DHW

SS heat
exchanger

CW

variable
speed

circulator

motorized
valves

multiple air-to-water heat pumps

SS 
circulator

storage
tank

auxiliary 
heat

(if needed)

DHW

• Variable speed circulator automatically 
adjusts flow as heat pumps stage on & off

• Each heat pump can be isolated and 
serviced without system shut down.



What about ventilation?



Incorporate a heat recovery ventilator with the air handling system

ducted air handler 
(cooling + ventilation)

ducted supply air

blower motor runs at reduced speed 
needed for ventilation only mode

(balanced air flow rate with flow rate 
from  HRV or ERV)

partially warmed air 

cold air from 
outsideHRV or ERV

centerline 
baffle plate

cool exhaust air 
to outside

return 
air

Warm water flow to 
bring ventilation air to 
room air temperature 

modulating
motorized

valve

temperature sensor

source:  LifeBreath

thermostatic 
modulating
valve with 

remote bulb

 air handler 

temperature
sensor in

duct

B A

AB

partially warmed air 

cold air from 
outside HRV or ERV

centerline 
baffle plate

cool exhaust air 
to outside

return 
air

filter

3

1/2" PEX 
for buffer 

tank3/4"
pre-

insulated 
PEX

motorized
diverter
valve 2

chilled water
supply & return



Incorporate heat recovery ventilation

• A total solution for a low-
energy or net-zero project

• Single source for all 
installation work and service

• Air handler blower can be 
“programmed” for low speed 
operation (100-150 CFM)when 
in ventilation only mode.

(space heating, cooling,DHW, ventilation)

space
connection

flexible 
connectors

OU
TS

ID
E

IN
SI

DEoutdoor
temperature

sensor

Taco 0018e
variable-speed

pressure-regulated
circulator

electric water heater
(40 gallon / 4.5KW)

ASSE 1017
anti-scald valve

DHW

CW

motorized
diverter
valve 1

AB
B

A

75 gallon TurboMax tank 
SpacePak iLAHP

monobloc inverter
air-to-water heat pump

system operated on 30% 
propylene glycol antifreeze

P&TRV
air vent

cold 
water

 B&D air handler 

partially warmed air 

cold air from 
outside HRV or ERV

centerline 
baffle plate

cool exhaust air 
to outside

return 
air

filter

PRV
electric
boiler

TRV

TRV

1/2" PEX tubing

dual isolation valve on 
each panel radiator

vestibule
floor
circuit

to / from
other

radiators

12 circuit 
inverted manifold

3/4"
pre-insulated 
PEX

1.2 psi

3/4"

1"

1.5"

1"

EMB-9

thermostatic radiator valve
(typ. each radiator)

Caleffi 221 valve
& 472 actuator

• Air handler blower can go to 
high speed (400 CFM per ton 
of capacity) for cooling.



Example systems



Monobloc air-to-water heat pump

• Reverse indirect provide year round DHW

tankless electric
water heater

P&TRV

air vent

reverse indirect preheats 
domestic water, and buffers
space heating loads

PRV

DH
W CW

outdoor
reset

controller

isolation/
flushing
valves

thermostatic
radiator valves
(TRV) on each

radiator

TRV

TRV

TRV

TRV

1/2" PEX, PE-RT or 
PEX-AL-PEX tubing

dual isolation valve on 
each panel radiator

spare
connections

flexible 
connectors

OU
TS

ID
E

IN
SI

DE

 monobloc
air-to-water heat pump

System operates with propylene 
glycol antifreeze solution

outdoor
temperature

sensor spring-
loaded
check 
valve

(space heating & DHW)

• Tankless water heater provides 
boost when needed



• This system requires 
antifreeze

Variable speed monobloc air-to-water heat pump
(space heating, cooling & DHW)
• Buffer tank serves zoned space 
heating and provides DHW through 
brazed plate heat exchanger

• Cooling via single air handler.  
Capacity of heat pump reduces 
to maintain 45ºF chilled water 
temperature to air handler.

(H
X)

OU
TS

ID
E

IN
SI

DE

variable-capacity
(inverter compressor)
air to water heat pump

spring-loaded
check valves

DHW

single zone
air handler 

for
cooling

buffer
tank

diverter
valve

(P3)

(S1)

temp.
sensor

outdoor 
sensor

(FS1)

AB
A

B (D
V1

)

(AH1)

P&T

isolation and 
flushing valves 
for potable side
of HX

N.O.

N.C.

(S2)

(P1)

outdoor 
reset

controller
variable-speed

pressure-regulated
circulator

thermostatic
radiator valves
(TRV) on each

radiator

TRV

TRV

TRV

1/2" PEX, PE-RT or 
PEX-AL-PEX tubing

dual isolation valve on 
each panel radiator

spare
connections

remote
setting
dial

TRV with 
capillary 

tube

radiant ceilign panels
remote
setting
dial

• Homerun distribution 
system shows a mix of 
panel radiators and radiant 
panel circuits, all with 
individual thermostatic 
valves for room temperature 
control.



Split-system air-to-water heat pump

• No antifreeze required with 
a split system heat pump

• DHW preheat through 
external SS heat exchanger

• Heat pump cooling capacity 
adapts to air handler based on 
holding set 45-55ºF chilled 
water temperature.

• If used for cooling all chilled 
water piping & components 
would be insulated an vapor 
sealed.
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• Inverter compressor heat pump
• Multi-zone heating
• Single zone cooling
• Domestic water heating
• Single tank system

Courtesy of Thermo 2000
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Domestic hot water can be 
preheated with one of two types 
of “reverse” indirect buffer tanks, 
then “topped off” with an electric 
tankless or tank-style heater.
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One tank can provide 
DHW or DHW preheat, 
and buffer space 
heating loads.



Retain existing boiler as supplemental & backup heat source
• Heat pump provides majority of season 
space heating energy (75-95% depending 
on climate and heat emitters)

• Existing boiler serves as a 
supplemental and backup heat source. tankless electric
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• Tankless water heat provides a boost, 
when necessary, to domestic water 
that’s preheated by heat pump .



Some systems can be designed without a buffer tank.
Example:  Single zone high mass radiant floor heating.
Excellent for use in commercial slab-on-grade buildings such as 
garages, fire stations, aircraft hangers.
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New air-to-water system installed in Poestenkill, NY, June 2021
The house Existing system: 

propane-fired furnace and water heater

Existing house:
Space heating and domestic water heating supplied by propane-fired furnace and propane-fired  water heater.  300 gallon underground propane tank installed for previous owner, and owned 
by propane supplier, with exclusive filling rights.  Spring 2021 cost of propane: $3.62/gallon,(about $44/MMBtu delivered, assuming 89% combustion efficiency). House also has 
propane range and fireplace (latter is used very little). (September 2021 price was $4.40 / gallon)

Annual propane cost: approaching $4,000 (Invoices totaling $3585 between mid-Oct 2020 and June 2021). Estimate 90% for space heating & DHW.
Air-to-water heat pump:  Enertech “Advantage” air-to-water heat pump system, installed June 2021.  This heat pump provides space heating, chilled water cooling, and close to 100% of 
domestic hot water.  Heating and cooling supplied through existing forced air duct system.  9 KW (30,700 Btu/hr) electric auxiliary heat contained in indoor unit of heat pump,System includes 
hydronic manifold station allowing for future addition of panel radiators or areas of radiant floor heating.

Approximate installation cost: $23,000.
Installing Contractor:  The Radiant Store, Troy, NY (Terry Moag & Ben Melick)
Estimated annual COP of air-to-water heat pump: 2.5 (conservative estimate)
Average cost of thermal energy provided by heat pump, based on current National Grid rate of $0.125/kwhr, $14.65 / MMBtu delivered).

Estimated saving in heating /DHW cost using heat pump:  $2400/year



New air-to-water system installed in Poestenkill, NY, June 2021

air handler w/ chilled water coil (B&D manufacturing)

Enertech “Advantage” system
nominal 5-ton outdoor unit Indoor portion of system

high efficiency ECM circulator (Taco 0034e+)

Enertech indoor unit

DHW tank
(TurboMax)

future expansion of 
hydronic heating
(Caleffi manifold 
station)

Installed (unsubsidized) cost 
$23,000

Installed by The Radiant Store 
(Terry Moag), Troy, NY

System has thermal and electrical 
energy monitoring 
(Caleffi CONTECA Btu meter)



New air-to-water system installed in Poestenkill, NY, June 2021
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Reverse indirect tank allows future 
hydronic expansion  - such as panel 
radiators or towel warmers

Featured on 
“This Old House”

January 2022 (Season 20, episode 13)



Thanks for attending today’s presentation
please visit our website for more 
information and design tools…

www.hydronicpros.com

coming in APRIL 2022

QUESTIONS ?


