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Key points
1. Water is far superior to air for moving heat (or cooling effect).

2. The North American hydronics industry is NOT taking full advantage of #1.

3. The “distribution efficiency” of a well-planned hydronic system is MUCH 
HIGHER than that of an equivalent forced air system.

5. The concept of high distribution efficiency is a powerful but very 
underutilized topic for marketing modern hydronic systems.

6. There are many professional demographics who have no idea of this 
benefit, but would be very interested in learning about it.

4. The thermal efficiency of the heat source should not be the sole 
measure of system performance.

7. Walls filled with circulators can destroy the potential for high distribution 
efficiency.

Distribution Efficiency: 
The Often Overlook advantage of Hydronics Technology



Water vs. air: It’s hardly fair...
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Water is vastly superior to air for conveying heat

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



The North American Hydronics market has many “high efficiency” boilers

It may appear there isn’t room for improving 
the efficiency of hydronic systems…

At least that’s what people who focus solely 
on the boiler might conclude

For decades our industry has focused on incremental 
improvements in the thermal efficiency of heat sources.  

At the same time we’ve largely ignored the hydraulic 
efficiency of the distribution system.

Those seeking high efficiency hydronic systems have to 
understand “Its not always about the boiler!”

In the right applications these boilers have 
efficiencies in the 95+ range:



An award winning project…



Here’s another example…

Great “craftsmanship” - Wrong “concept”



Is switching to a wall full of ECM circulators the solution?

34 ECM circulators, large residential (mansion) installation…



Just to be fair to the pump guys – 
there is such a thing as overzoning with zone valves…



Although as an industry we pride ourselves on ultra high efficiency and 
“eco-friendly” heat sources, we…

Must look beyond the efficiency of only the heat source.  

We need to look at the overall SYSTEM efficiency.  

This includes the thermal efficiency of converting fuel in heated 
water AND the distribution efficiency of moving that water 
through the building.  

This is important
So is this!



Defining DISTRIBUTION EFFICIENCY

Efficiency = desired OUTPUT quantity
necessary INPUT quantity

Distribution efficiency for a space heating system.

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:

distribution efficiency=120,000 Btu/hr
340 watts

 = 353 Btu/hr
watt

 

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

 



So is a distribution efficiency of 353 Btu/hr/watt good or bad?

To answer this you need something to compare it to.

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

distribution efficiency= 80,000 Btu/hr
850 watts

 = 94 Btu/hr
watt

The hydronic system in this comparison has a distribution 
efficiency almost four times higher than the forced air 
system.

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



Room for Improvement…

A few years ago I inspected a malfunctioning hydronic heating system in a 10,000 square 
foot house that contained 40 circulators.

Assume the average circulator wattage is 90 watts.
The design heating load is 400,000 Btu/hr
The distribution efficiency of this system at design load is:

distribution efficiency= 400,000 Btu/hr
40 × (90 watts)

 = 111 Btu/hr
watt

Not much better than the previous forced air system at 94 Btu/hr/watt



Don’t throw it away…

Walls lined with 
circulators destroy 
distribution 
efficiency…

These images do NOT represent state-of-the art 
hydronic systems…



Water Watts… 
It’s hard to say if the wattage of past or current generation circulators is “where it 
needs to be” without knowing the mechanical power needed to move fluid through 
a specific circuit.

wm = 0.4344× f ×∆P
Where:
Wm = mechanical power required to maintain flow in circuit (watts)
f= flow rate in circuit (gpm)
∆P = pressure drop along circuit (psi)
0.4344 = units conversion factor



Example:  How much mechanical power is necessary to sustain a flow of 180 ºF 
water flows at 5 gpm through a circuit of 3/4” copper tubing having an equivalent 
length of 200 feet?

Solution:  The pressure drop associated with this head loss is 3.83 psi.  

wm = 0.4344× f ×∆P = 0.4344× 5× 3.83= 8.3watts

That’s quite a bit lower than the electrical wattage of even the smallest currently-
available PSC wet-rotor circulator. Why?

Because it’s only the mechanical wattage required (power dissipation 
by the fluid) - not the electrical input wattage to the circulator’s motor.

Putting these numbers into the formula yields:
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If you take operating data for a typical 1/25 hp fixed-speed wet rotor circulator 
and plug it into this formula the efficiency curve looks as follows:



The electrical wattage needed by the circulator is:

we =
0.4344× f ×∆P

nw/w

we =
0.4344× f ×∆P

nw/w

= 0.4344× 5× 3.83
0.25

= 33.2watts

If we put the data from previous example into this formula we get the 
electrical wattage required to maintain flow in the circuit.

A wet-rotor circulator with a PSC motor has a maximum wire-to-
water efficiency in the range of 25 percent. 
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Consider that a flow of 5 gpm in a circuit with a 20 ºF temperature drop is moving about 
50,000 Btu/hr, and the electrical power to “run the conveyor belt” according to the last 
calculation is 33.2 watts.  The distribution efficiency of such a circuit is:

Compare this to a 4-ton rated geothermal water-to-air heat pump delivering 48,000 Btu/
hr using a blower operating on 1080 watts.  The distribution efficiency of this delivery 
system is:

nd =
Q
we

= 50,000Btu / hr
33.2watt

=1506 Btu / hr
watt

nd =
Q
we

= 48,000Btu / hr
1080watt

= 44.4 Btu / hr
watt

These numbers mean that the hydronic system delivers heat to the building using 
only 2.9 percent (e.g. 44.4/1506) of the electrical power required by the forced air 
delivery system.

With good design it’s possible to achieve distribution 
efficiencies > 3000 Btu/hr/watt



Consider a design heating load of 30,000 Btu/hr
• Assuming a common ∆T of 20 ºF across the heat emitters f = Q

500(∆ T )
= 30,000

500(20)
= 3gpm

• Each panel rad is 24” x 72” x 4” operating w/ average 
water temperature of 110 ºF,  (120 ºF supply & 100 ºF 
return) yielding output of 3,850 Btu/hr each, total system 
heat output of 30,800 Btu/hr

• Flow rate per panel radiator is 3/8 = 0.38 gpm

• Head loss of each panel radiator (balance 
valve partially closed) at this flow rate is 3.38 ft.

• Assume each homerun circuit is 120 ft of 
1/2” PEX at 0.38 gpm, head loss = 0.8 ft.

• Add 10% safety factor to head 
loss for a total of 4.6 ft.

• Circulator requirement is 3.0 gpm at 4.6 ft.

• Even with an ECM circulator that’s 30% w/w 
efficient, this requires an input of about 8.6 watts

we =
0.4344 × f ×∆ P

ncirculator
=

0.4344 × 3.0 × 4.6 0.43( )
0.3

= 8.6watt

distribution efficiency =
30,800 Btu

hr
8.6watt

=  3581Btu / hr
watt

• Assume a homerun distribution system to 8 identical panel radiators
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Why are we leaving our “best cards” on the table?

distribution efficiency =
30,800 Btu

hr
8.6watt

=  3581Btu / hr
watt
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94
3581

= 2.6%
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).

distribution efficiency= 80,000 Btu/hr
850 watts

 = 94 Btu/hr
watt



• Hydronic heating professionals…
• Potential clients interested in energy efficiency & low total operating cost 
• Potential clients interested in renewable energy systems  

(especially “off-grid” systems)

Who should know about the advantage of high distribution 
efficiency using hydronic systems?

• Energy auditors trying to reduce overall building energy use 
• Energy services companies (ESCOs) 
• Government agencies developing energy conservation programs 
• Politicians voting on energy conservation legislation

• Architects, engineers, future owners developing “net zero”  buildings



Why is the commercial VRF market growing much faster than the 
commercial hydronics market?

 Cunniff, Greg, P.E., Hydronics offers a cool, comfortable advantage, PM Engineer, July 2013.
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It’s definitely NOT due to superior distribution efficiency…



Which hydronic heat sources can take advantage of high distribution efficiency?

Conventional energy heat sources:
gas boilers
oil-fired boilers
propane boilers
electric boilers

Renewable energy heat sources:
solar thermal systems
geothermal heat pumps
air-to-water heat pumps
biomass boilers
combined heat and power systems

Other heat sources:
off-peak electric thermal storage systems
combined heat and power systems
energy recovery systems

ALL OF THEM! Distribution efficiency 
has nothing to do with 
creating heat - it’s all 
about getting that heat 
from where it’s created 
to where it’s needed.

The superior distribution 
efficiency of hydronic 
systems can be 
promoted regardless of 
the fuel or heat source.



Design guidelines for achieving high distribution efficiency

• Use valve-based zoning
• Use high efficiency (ECM) circulators
 • Use parallel distribution systems 
• Use “short / fat” headers

• Evaluate life-cycle cost of using one size larger piping

• Avoid components with high head loss

• Don’t use high concentrations of glycol-based antifreeze 
unless it’s necessary

• Avoid series distribution systems 
• Avoid wall-full-of-circulators approach 

• Use low head loss heat sources
• Use high ∆T to reduce flow requirements



Change from zoning with 60-85 watt PSC-motor circulators
to valve based zoning in combination with ECM circulators:

electric zone valves

electric manifold 
valve operators

thermostatic
zone valves



Small ECM circulators now available in North America

Grundfos Alpha:  
constant and 
proportional 
differential 
pressure & 3 
fixed speed 
settings.  6-50 
watt input.  

Wilo Stratos ECO 
16F:  Provide 
constant and 
proportional 
differential 
pressure.  5.8-59 
watt electrical 
input.  

Bell & Gossett 
ECOCIRC, Provides 
manual adjustable 
speed setting 
(VARIO model), and 
proportional 
differential pressure 
(AUTO model).  
5-60 watt electrical 
input.  

Armstrong 
COMPASS
Provides constant 
and proportional 
differential 
pressure and three 
fixed speed 
settings.  3-45watt 
electrical input. 

Taco Viridian VT1816
9-44 watts

Taco VT2218
Temperature based 
speed control.  

AquaMotion:



Grundfos MAGNA Wilo STRATOS circulators

Larger ECM circulators now available in US

Taco Viridian

high efficiency ECM Circulators
Circulators

B&G ECO XL

Armstrong Compass R



TRV

TRV

TRV

TRV

TRV

TRV

thermal 
storage 

tank

thermostatic radiator valves!
on each panel radiator

pressure-regulated!
variable speed 

circulator
1/2" PEX or 

PEX-AL-PEX tubing

panel radiator

manifold station

Supplying a homerun distribution system… 

homerun piping
thermostatic radiator valves
pressure regulated circulator
thermal mass @ heat source

“hydronics heaven”
+



Estimated pumping power for a series baseboard system
5 baseboards in series, 10,000 Btu/hr load each
5 gpm flow based on 50,000 Btu/hr with 20 ºF ∆T
280 feet of 3/4” copper equivalent circuit length

10,000 Btu/hr
17 ft fin-tube

10,000 Btu/hr
18 ft fin-tube

10,000 Btu/hr
19 ft fin-tube

10,000 Btu/hr
20 ft fin-tube

10,000 Btu/hr
22 ft fin-tube

180 ºF

160 ºF

5.0 gpm

280 ft x 3/4" copper
total equivalent length

  5.51 psi 
∆P at 

5.0 gpm

we =
0.4344× f ×∆P

nw/w

= 0.4344× 5.0× 5.51
0.22

= 54.4watts
we = electrical wattage
f = flow rate (gpm)
∆P = differential pressure (psi)
nw/w = wire-to water efficiency of circulator

distribution efficiency =
50,000 Btu

hr
54.4watt

=  919 Btu / hr
watt



Estimated pumping power for 
HOMERUN baseboard system

5 baseboards in PARALLEL, 
10,000 Btu/hr load each

5 gpm flow based on 
50,000 Btu/hr with 20 ºF ∆T

each branch = 120 feet 
x 1/2” PEX equivalent + 
10 ft x 1” common pipe

The difference in wattage would 
save$19.85 / yr, assuming 3500 
hr/yr operation & $0.15 / kWh

$533 saving over 20 years 
assuming 3% per year increase 
in electrical energy cost.

180 ºF

160 ºF

180 ºF

160 ºF

differential 
pressure

bypass valve
(closed at 

design load)

10,000 Btu/hr
20 ft fin-tube

10,000 Btu/hr
20 ft fin-tube

10,000 Btu/hr
20 ft fin-tube

10,000 Btu/hr
20 ft fin-tube

10,000 Btu/hr
20 ft fin-tube

5.0 gpm

each branch is equivalent 
to 120 ft x 1/2" PEX

common piping
is 10 ft x 1" 

copper

we =
0.4344 5.0( ) 1.68( )

0.22
=16.6watt

fixed speed 
circulator

  1.68 psi ∆P 
at 5.0 gpm

distribution efficiency =
50,000 Btu

hr
16.6watt

=  3012 Btu / hr
watt

328% improvement over series system



Low head loss heat sources

Eliminate dedicated boiler circulator when possible.

Consider high water content, low head loss (direct flow 
through) heat sources.

• High thermal mass also allows the heat source to be “self-
buffering” in many systems.



Relationship between flow rate and ∆T

Heat output changes quickly at low flow rates, 
but much less quickly at high flow rates.

Trying to 
boost heat 
output by 
operating at 
very high 
flow rates 
provides 
very 
diminishing 
returns.

Experiment:  
Maintain 180 ºF supply 
water temperature but 
vary the flow rate from 
0.5 to 8 gpm



Consider higher ∆T when possible

Radiant floor circuits: 
•  “barefoot friendly” applications:  10-15 ºF ∆T 
•  industrial applications: 20-25 ºF ∆T 

Panel radiators: 20-30 ºF ∆T 
Fan-coils: 20-30 ºF ∆T 
Fin-tube baseboard (parallel circuits) 20 ºF ∆T

f = Q
500(∆ T )

flow rate (gpm) is inversely 
proportional to ∆T

Higher ∆T implies lower required flow rate



Zoning with high-efficiency VS circulator and valves:



Judicious Use Of Antifreeze:

Consider a circuit of 200 feet of 3/4” copper tubing.  Assume the circuit operates with a 
water flow rate of 5 gpm, an average water temperature of 140 ºF, and a ∆T of 20 ºF.  
Thus it conveys 50,000 Btu/hr.  Assume the circulator is a standard wet rotor unit with 
22% wire-to-water efficiency.  The head loss of this circuit is 11.45 ft.  The corresponding 
circuit pressure drop is 4.87 psi.

The circulator power required for this is: we =
0.4344× f ×∆P

nw/w

= 0.4344× 5× 4.87
0.22

= 48watts

we =
0.4344× f ×∆P

nw/w

= 0.4344× 5.62× 7.19
0.22

= 79.8watts

A 66% increase in circulator wattage 
due to the use of the antifreeze solution.

If this same circuit were operated with a 50% solution of propylene glycol, and is to maintain a 
heat delivery rate of 50,000 Btu/hr, the flow rate must increase to 5.62 gpm due to the lower 
specific heat of the antifreeze.  The increases flow rate, in combination with increased viscosity 
and density, increases head loss to 16.3 feet, and pressure drop to 7.19 psi.

The circulator power required for this is:

"The only good thing about antifreeze is that it doesn't freeze."



System 
Examples



The European “combi” approach for small loads...

APPLIANCE!
for space heating!

and DHW

panel radiator TRV

cold 

DHW

Combined space heating & DHW from single appliance.

ACV Rotex

Key concepts:
1. Low head loss
2. Self-buffering
3. Condensing capable
4. Low mass combustion system 



OU
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DE

flexible 
connectors

entire system filled with
propylene glycol

 antifreeze solution

air-to-water heat pump

buffer tank

temperature
sensors

(S1)

(SPC)

(ORC)
(S2)

(S3)

HEATING MODE varaible speed
high efficiency

circulator

Air-to-water heat pump system
Zoned radiant panel heating
Zoned chilled water cooling



make up water

thermal storage tank

DHW

(FS1)

mod/con boiler

(P3)

(P5)

outdoor!
temperature!

sensor

(MV1)

(S3)

(S4)

swing!
check!
valve

(H
X1

)

(S1)

air vent

PEX, or !
PEX-AL-PEX tubing

dual isolation valve

thermostatic operator

TRV

towel 
warmer 
radiator

air vent

manifold 
station

hydronic!
wood stove

(P2)

(P4)

(S0)

(P1)

PRV

120 VAC

(UPS)

aquastat!
(close at 135 ºF)!
(open at 125 ºF)
(AQ1)

relay

master!
thermostat

(T1)

thermal!
trap

Small hydronic wood stove application

Tonwerk



SUMMARY:
1.  High distribution efficiency is a distinct benefit of well-
planned hydronic heating and cooling systems.

2.  High distribution efficiency is also a very underutilized 
concepts when comparing hydronic systems to alternatives.

5. Use the simple formula (design load / watts) to assess the 
distribution efficiency of your systems.

3. Don’t just promote thermal efficiency of heat sources.

4. Promote the superior distribution efficiency of hydronics 
to “energy conscious” people.  They will listen.

6. If I’m ever a judge for a contest on superior hydronic 
systems, and you send in an entry with 34 high efficiency 
circulators along a wall, don’t expect my vote!



QUESTIONS ?

Thank you for attending this session.
Sponsored by:


