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The geothermal heat pump market is headed for another strong 
year in 2019. The 30% uncapped federal income tax credit on 
EnergyStar-rated geothermal heat pumps remains in full effect. 

Additional incentives are available from some state-level programs and 
electric utilities.

Interest in using solar photovoltaic systems to supply electrical energy 
to homes is also strong and looks to remain that way. In 2018, California 
become the first state to mandate use of solar PV systems in all new 
homes by 2020. Several state and federal incentive programs also gen-
erously support PV installations.

A geothermal comfort solution
Hydronic details that enhance a geothermal heat pump.

Note: The views expressed here are strictly those of the author and do not necessarily represent pme or BNP Media.
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Younger homebuyers show increasing 
interest in the concept of “net zero” homes, 
which requires electricity sourced from either 
an onsite solar PV system, or buy-in to a 
cooperative “community level” PV system. A 
recent study by Deloitte finds “64% of mil-
lennial consumers say increasing the use of 
solar power” is their No. 1 priority.” And mil-
lennials are currently making up the largest 
percentage of homebuyers, that according 
ECHOtape’s 2019 housing and construction 
market trends to watch.

There’s a conspicuous convergence in all 
of this. The combination of geothermal heat 
pumps operating on renewably-sourced elec-
tricity, especially at a time when both are sig-
nificantly incentivized, is sure to be of interest 
in the new-home construction market.

Although both geothermal heat pumps and 
solar PV systems will eventually have to com-
pete in an unsubsidized market, as they should, 
our politicians currently have put “money on 
the table” for the taking. Why not leverage this 
opportunity to increase the market value of a 
home, or qualify that home for a “green” mort-
gage with more favorable rates?

Reality check: It’s easy to get caught up in 
the current buzz surrounding geothermal heat 
pumps. They currently are a “darling” within 
the HVAC industry, as well as with energy 
policymakers, politicians, and prospective buy-
ers interested in reduced carbon footprints or 
other altruistic priorities. That’s all fine to savor, 
but as you do, never forget that your customers 
still want to be comfortable, and they expect 
you, as a comfort professional, to keep them 
comfortable. 

I’m a strong advocate for responsible use of 
renewable energy for heating and cooling, but 
I’m also a realist. My take is that systems using 
renewably-sourced energy for heating and 
cooling  must deliver comfort that’s equal to 
or better than conventional energy systems in 
order to gain broad acceptance in an unsub-
sidized or otherwise un-manipulated market.  

Most of the geothermal heat pumps installed 
in the North America are water-to-air heat 
pumps.  They extract heat from a buried earth 
loop — using hydronics technology, but deliver 
heating and cooling through a ducted forced-
air system.  

Although ducted forced-air distribution sys-
tems are widely accepted for cooling, they are 

hard-pressed to deliver comfort comparable to 
that provided by a well-designed and properly 
installed hydronic heating distribution system.  

So why not “marry” the thermal perfor-
mance and renewably-sourced energy avail-
able from geothermal heat pumps with the 
superior comfort of hydronic heating?

It’s very doable: Figure 1 on Page 18 
shows a residential system that uses a water-
to-water geothermally-sourced heat pump in 
combination with hydronics technology to pro-
vide heating and domestic hot water. It also 
combines chilled water produced by the heat 
pump with forced-air distribution for cooling.  

The 2-speed heat pump provides a nominal 
44,000 Btu/h heating output, and about 36,000 
Btu/h chilling capacity. In heating mode, it’s 
sourced from a horizontal earth loop consisting 
of 4 parallel circuits of 1-inch SDR-11, PE4710, 
200 psi HDPE pipe, each about 1,000 feet long.  
This piping is buried in a 4-foot-wide hori-
zontal trench as a “4 over 4” arrangement, as 
shown in Figure 2.

Four pipes are buried 6 feet below the sur-
face. They do a U-turn at the end of the trench, 
and return to the building at the 4-foot level. 
This loop design is specific to the heat pump’s 
capacity, the building location (upstate New 
York), and the soil type (heavy, wet clay). Differ-
ent circumstances could require different loop 
field designs.

The piping enters the home’s basement 
through eight 3-inch diameter holes cast (or 
bored) into the poured concrete wall. Each 
pipe penetration is equipped with a LinkSeal 
expanding collar to provide a watertight seal, 
as illustrated in Figure 3.  

The four circuits are manifolded together in 
the basement mechanical room. Each circuit 
begins and ends with a full-port ball valve. 
These valves allow for individual purging, rath-
er than simultaneous purging of the parallel 
loops. The flow rate required for individual loop 
purging is only 1/4 that required if all the loops 
had to be simultaneously purged. This allows 
a relatively small purging pump to do the job, 
compared to a nominal 2-HP purging pump 
that would be required if all four loops had to 
be purged simultaneously. This earth loop con-
figuration also eliminates any need for fusion 
joints in the HDPE piping.

The earth loop is filled and purged through 
two full-port ball valves. Their placement, in 
combination with isolation flanges on the earth 
loop circulator, allows the earth loop to be 
flushed without passing flow (and possible 
debris) through the heat pump.

The earth loop subsystem has an expansion 
tank. This detail is sometimes omitted from 
“traditional” earth loop designs. The rationale 
is that the earth loop piping can expand and 
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contract sufficiently to accommodate the expan-
sion and contraction of the fluid it contains. 
However, the HDPE piping and fluid expand 
and contract at different rates, which causes 
significant pressure variations over the course 
of a year (higher pressures in winter and low-
er pressures in summer). The presence of an 
expansion tank greatly reduces these pressure 
fluctuations.  

A combination air/dirt separator with a mag-
netic collar is used to reduce the dissolved 
air content of the earth loop, and capture any 
residual dirt particles not removed with the 
initial fill and flush. The magnetic collar allows 
the lower bowl of the separator to capture fer-
rous metal particles that could be present. In 

my opinion, this feature should be included in 
any system using circulators with ECM (e.g., 
permanent magnet) circulators. 

Always watching: The heat pump is turned 
on and off based on the temperature at sensor 
(STU) in the upper portion of the 119-gallon 
buffer tank. The heat pump and circulator (P2) 
are turned on when the temperature at (STU) 
drops to 105º F or lower. The heat pump con-
tinues to run until the temperature at (STU) is 
at or above 115º. This on/off control action is 
independent of any demand for heating from 
the load circuits. It’s based on maintaining suf-
ficiently warm water in the upper portion of the 
tank for domestic water preheating whenever 
there’s a demand from a hot-water fixture.

Domestic water preheating takes place in a 
generously sized stainless steel heat exchanger.  
Circulator (PDHW) provides flow through the 
primary side of this heat exchanger whenev-
er DHW demand reaches or exceeds 0.6 gpm, 
which is verified by the flow switch (FS1). Cold 
domestic water passes in counterflow through 
the secondary side of the heat exchanger. The 
domestic water leaving the heat exchanger 
should be no more than 5º lower than the tem-
perature at the top of the thermal storage tank.

Combination isolation /flushing valves are 
provided on the heat exchanger’s domestic 
water inlet and outlet. They allow that side to be 
isolated and flushed with a mild acid solution to 
remove potential scaling.
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The preheated domestic water leaving the 
heat exchanger passes into a 30-gallon electric 
water heater for a temperature “top off,” if nec-
essary. This tank also provides full DHW backup 
if the heat pump is down for servicing. An ASSE 
1017 anti-scald valve ensures that water deliv-
ery temperature doesn’t exceed 120º.

A 12KW electric boiler and its associated 
circulator are piped to the buffer tank in parallel 
with the heat pump. That boiler and circulator 
operate if the tank temperature drops to 100º 
or less.  During normal system operation, this 
boiler should see minimal operation. It’s primar-
ily a backup heat source.

Space heating is provided by a combination 
of panel radiators and floor heating. The panel 
rads and selected areas of floor heating under 
tile floors on the homes main level are sized to 
operate with an average water temperature of 
110º under design load conditions. Embedded 
tube circuits in the basement slab are supplied 
through a motorized mixing valve. This allows 
constant circulation in combination with outdoor 
reset control of supply water temperature. The 
basement is controlled as a single zone by a 
dedicated thermostat.

The main floor is divided into two zones. 
Zone 1 handles the kitchen, dining and living 
room.   Zone 2 handles the bedrooms and bath-
rooms. Figure 4 show the layout of the heating 
distribution system for the home’s main floor.

A single thermostat turns on circulator (P5), 
which operates in a constant differential pres-
sure mode, allowing simultaneous flow through 
the panel radiators and floor circuits in Zone 1. 
The panel radiators and floor circuits in Zone 2 
are all equipped with non-electric thermostatic 
valves, which are used to adjust temperatures 
on a room-by-room basis.

The home’s attached garage slab is also 
heated by embedded tubing. These circuits are 
supplied through a brazed-plate heat exchang-
er, and operate with a 30% solution of inhibited 
propylene glycol. This allows garage heating to 

be completely turned off, if desired, without risk 
of freezing. Because this portion of the system 
is isolated by the heat exchanger, it requires an 
expansion tank, pressure relief valve and fill/
purge valves.

Thermal priorities: When high-mass and 
low-mass heat emitters are used in the same 
system there’s always a possibility for the high-
mass emitters to “gobble up” heat at a high rate 
when coming out of a setback condition. This 
will temporarily depress the water temperature 
supplied to the low-mass emitters, possibly to 
the point of creating discomfort in the zones 
served by the low-mass emitters. In this system 
that possibility is all but eliminated by having 
the 12 KW electric boiler ready to operate as a 
second-stage heat input. If this boiler were not 
present, a control strategy that temporarily lim-
its heat input to the high-mass emitters when 
the temperature in the upper portion of the buf-
fer tank drops a few degrees below the lower 
setpoint is a good idea. 

Chilling out: Cooling is provided by a single 
chilled-water air handler that supplies a trunk 
and branch duct system. The home is cooled 
as a single zone. A call for cooling initiates 
a controller that checks the buffer tank tem-
perature at sensor (STM). If that temperature 
is above 60º, the heat pump turns on in cool-
ing mode along with circulators (P1) and (P2). 
Chilled water is routed to the air handler’s coil 
by circulator (PC). The flow rate of chilled water 
from the heat pump is slightly higher than the 
flow rate through the air-handler coil. The dif-
ference between these flow rates goes into 
the buffer tank. Water returning from the air 
handler passes through the lower portion of 
the buffer tank. This ensures that some of the 
tank’s thermal mass is always “engaged” dur-
ing cooling mode operation. The 2-speed heat 
pump operates on low speed during cooling, 
with a capacity well-matched to the air handler 
and system load. When the cooling thermostat 
is satisfied, circulator (PC) turns off, but the heat 

pump and circulator (P2) continue to operate 
until the temperature at (STM) drops to 50º. 
This helps prevent heat pump short-cycling. It 
also parks some chilled water in the buffer tank 
that’s ready to flow to the air handler as soon 
as the next call for cooling occurs. The piping 
supplying chilled water to the air handler tees 
into the upper tank header very close to the 
tank. This allows the tank to provide hydraulic 
separation of circulators (P2) and (PC). All piping 
carrying chilled water is insulated and vapor-
sealed to prevent condensation.

The flow switch for on-demand domestic 
water preheating is disabled during cooling 
mode.  Domestic water is heated by “free” heat 
from the heat pump’s desuperheater whenever 
the heat pump is operating in cooling.  Any nec-
essary temperature “top off” is handled by the 
elements in the 30-gallon electric water heater.

Have it your way: There are several pos-
sible variations on this system. For example, the 
distribution system could be all radiant panel or, 
for that matter, all panel radiators. The cooling 
distribution subsystem could be divided into 
zones on either the water side or air side. The 
entire system could operate with an antifreeze 
solution to eliminate the brazed-plate heat 
exchanger for the garage zone. Multiple heat 
pumps could be used in a stage configuration 
for large loads. All of these configurations lever-
age the superior comfort of low-temperature 
hydronic heating.

 

John Siegenthaler, P.E., has been writing for BNP Media since 1996. He’s authored over 340 
columns and feature articles in Plumbing & Mechanical, PM Engineer and Supply House Times. 
To better serve our readers, BNP has compiled all that information into a series of five FREE 
e-books. The first was released on Dec. 11, 2018, and deals with a wide range of hydronic 
heat sources. The columns and articles in Volume 1 cover a wide range of heat sources from 
conventional boilers to solar thermal collectors, heat pumps, and even biomass boilers. You can 
view Volume 1 of the eBook series, at no cost, at the following link. https://bit.ly/2rMxztB  

Watch for additional volumes throughout 2019.

Modern 
Hydronics 
Done Right  

e-book, Volume 1
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