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Bio-radiant heating
A simple but sophisticated approach to superior comfort.
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here always will be fringe markets for
products that use renewable energy to
provide marginal heating comfort. These
markets survive based on “early adopters” or
carbon minimalists who willingly sacrifice superior comfort as the perceived “price” for using
renewable energy.
One of my assertions, learned over 40 years
of working with a range of renewable energybased heating systems, is that they will only
gain mainstream acceptance if they provide
comfort that’s as good if not better than conventional systems. The typical North American consumer will not knowingly sacrifice comfort just
to shift the source of their heating energy from
conventional to renewable sources.
I also maintain that widespread use of
renewable energy-based systems requires that
they be economically sustainable without government subsidies and serviceable by any reasonably competent HVAC technician.
Time and again our industry has witnessed
attempts at developing renewable energy
approaches to central space heating that did
not meet one or more of these conditions.
Nearly all of them eventually failed to generate a “sustainable” solution that’s as likely
to be used in a typical suburban home as it
is to stir reader passion in the latest issue of
Mother Earth News.
There is no silver bullet solution to these
requisite issues of comfort, affordability and
reliability. Instead, there are constant refinements of the techniques and hardware we
use. The industry must keep striving for solutions that are:
• sophisticated but simple;
• renewable yet reliable;
• ecologically sound and economically sustainable; and
• refined as well as repeatable.
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> Figure 2.
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Progress with pellets
Over the last few years I’ve worked on
many projects involving wood-pellet boilers. I’ve seen very successful applications as
well as situations where the owner eventually just gives up and tells whoever is
responsible to “get that thing out of my
basement.” Many lessons learned have led
to significant improvements and progress
toward designs that meet all the bullet
points listed above.
I’m presenting a concept for a system that
embodies many simple but salient details
based on these experiences. This system

is intended to supply space heating and
domestic hot water to residential or lightcommercial buildings using a pellet boiler as
the renewable energy heat source, and radiant panels as the comfort delivery method. It
makes use of contemporary hydronics technology such as variable-speed circulators,
stratified thermal storage, hydraulic separation, injection mixing and “on-demand”
domestic water heating. It creates conditions
that complement rather than compromise
the desirable operating characteristics of
the pellet boiler and those of the balanceof-system components.

A piping schematic for the system is shown
in Figure 1 (on page 8). An electrical control
diagram is shown in Figure 2.
Please consider both these schematics
“starting points.” They are not meant to represent complete system designs. Although they
show the majority of the required hardware,
designers using them still are responsible
for adding specific safety- or code-required
devices such as a manual reset high limit on
both boilers if the system is used as a commercial application.

System anatomy
This system assumes the use of radiant
floor, wall or ceiling panels that can provide
design load output using a supply water temperature of 120º F or less. The distribution
system has multiple zones, each controlled
by a standard zone valve. A variable speed
pressure-regulated circulator (P5), operating in
constant differential pressure mode, provides
consistent flow through each zone regardless
of which zones are operating. The fewer the
number of active zone circuits, the lower the
power demand of the circulator. That’s stateof-the-art “cruise control” for distribution system flow rate along with significant electrical
energy savings.
The primary heat source is a modern woodpellet boiler. It’s combined with a thermal storage tank having a nominal 2 gal. of volume
per 1,000 Btu/h of pellet boiler capacity. This
tank lets the pellet boiler operate with long
on-cycles followed by long off-cycles, which
allows the boiler to achieve high thermal efficiency with minimal emissions. A suggested
operating scenario is one that provides an
average run cycle length of three hours per
start. Modern pellet boilers internally log both
run time and number of starts so that the boiler’s performance can be verified.
The pellet boiler operates completely independent of calls for heat from zone thermostats. This method of control is obviously different from what the hydronic heating industry
is used to. To achieve long on-cycles, the pellet
boiler is turned on and off based on the temperatures at two sensors in the thermal storage tank. A single controller (T152) monitors
both sensors and allows independent open/
close settings for each of its two relay outputs.
The pellet boiler is turned on when the upper
pmengineer.com

9

Renewable Heating Design
tank sensor (S3) detects a temperature of 128º
or less. The boiler continues to fire until the
lower tank sensor (S4) reaches 175º. This
operating logic provides a wide swing in
tank temperature during each boiler cycle.
Wide temperature swings in thermal storage encourage those desired long on-cycles.
These temperature set points also maintain
the upper portion of the thermal storage tank
hot enough to supply domestic hot water
whenever it’s needed.
Heat transfer from thermal storage to the
distribution system is regulated by a variablespeed injection circulator (P2) with a standard PSC (permanent split capacitor) motor.
Heat input varies based on keeping the supply water temperature at sensor (S1) at or
very close to a “target” temperature that’s
continuously calculated by outdoor reset control logic. Circulator speed control and outdoor reset logic are provided by the (T356)
controller.
This system also uses a differential pressure bypass valve (Delta-P valve) set for 1.5
psi to prevent flow through the pellet boiler
when it and its associated circulator (P1) are
off. This is important since pellet boilers do
not use motorized flue dampers to limit offcycle convective losses up the chimney. The
Delta-P valve also prevents reverse thermosiphoning from the thermal storage tank
through the boiler and associated piping. It
replaces the need for a check valve between
the pellet boiler and thermal storage tank.
The pellet boiler is protected against sustained flue gas condensation by a loading
unit, which combines a circulator with a
thermostatic mixing valve. That valve’s cold
port is completely closed when the boiler
starts from room temperature. This prevents
heated water from flowing to the load or
thermal storage tank. Instead, the heated
water remains in the boiler loop to bring the
boiler’s heat exchanger above the dewpoint
temperature of the flue gases as quickly as
possible. As the water temperature from the
loading unit to the pellet boiler climbs above
115º the cold port of the valve begins to open,
while the bypass port (at the top of loading
unit) begins to close. The cold port will be
fully open and the bypass port completely
closed when the water temperature leaving
the loading unit reaches 133º or higher.
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Backup
The pellet boiler, operating as described
above, could provide year-round heat for
both space heating and domestic hot water.
However, just like any boiler, it could also
be down for service when heat is needed
or it could be intentionally turned off during
warmer weather.
It’s also possible that the pellet boiler
would not be sized for the full design heating load. Although that might seem heretical
to most boiler specifiers, it’s an acceptable
and sometimes required practice with pellet
boilers. The underlying objective again is to

mod/con boiler’s minimum modulation rate.
An example would be a small towel warmer
radiator, operating in the master bathroom, on
a cool fall morning.
Under normal operating conditions, the pellet boiler should maintain a temperature no
lower than 128º at the top of the thermal storage tank. However, if it can’t, the mod/con
boiler comes to the rescue when the upper
tank temperature drops to 125º or lower. Maintaining the hot water reserve at the top of the
tank is critical for the on-demand domestic
water-heating subsystem, as well as expedient delivery of heat to space-heating zones.

Under normal operating conditions the
pellet boiler should maintain a temperature
no lower than 128º at the top of the
thermal storage tank.
keep the boiler operating with long on-cycles
for high efficiency and low emissions. Boilers
that are undersized relative to design load
should, in theory, operate essentially 100%
of the time during design load conditions.
The only time that an undersized pellet boiler
should turn off under design load conditions
is for automatic cleaning cycles, which typically occur every four to six hours and only
last a few minutes. Interestingly, a pellet
boiler sized for 75% of a building’s design
heating load, in a typical upstate N.Y. climate,
should, on average, supply about 96% of that
building’s seasonal space-heating energy
requirement.
To cover these possibilities, the system
includes an auxiliary modulating/condensing
boiler. That boiler is piped across the upper
portion of the thermal storage tank. This
allows it to “exercise” the thermal mass in
the upper 10-20% of the tank as a deterrent
against short cycling. Temperature stratification in combination with tank piping limits
the amount of tank water the auxiliary boiler
interacts with. Auxiliary boiler buffering is
very important when the distribution system is
divided into many zones, some of which may
have heating requirements well below the

Upon request
Domestic hot water is provided “ondemand” by combining the hot water reserve
at the top of the thermal storage tank with a
stainless steel heat exchanger mounted outside that tank.
Having the heat exchanger outside the tank
allows full servicing or even replacement if
necessary. This is not possible with most indirect water heaters using internal coil heat
exchangers. An external heat exchanger also
can be sized to fully heat cold domestic water
to its final delivery temperature when the
water temperature at the top of the thermal
storage tank is only about 10º higher than that
delivery temperature. This allows the mod/
con boiler to operate within its condensing
range while providing domestic water heating.
Contrast that with situations where a mod/
con boiler is forced to operate at much higher
(non-condensing) water temperatures to compensate for marginal heat transfer through a
small internal coil heat exchanger in many
indirect water heaters.
A flow switch (FS) in the cold domestic
water piping closes whenever the building’s
demand for domestic hot water exceeds 0.6
gpm. This turns on circulator (P4) via a relay.
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Hot water from the top of the thermal storage tank immediately flows through the primary side of
the stainless steel heat exchanger (HX1) as cold domestic water flows through the other side. The
temperature response time of a brazed-plate heat exchanger is incredibly fast due to its high internal surface area to volume ratio. Fully heated water should be available from the outlet of the heat
exchanger three to four seconds after the flow switch closes. The stainless steel brazed plate heat
exchanger should be sized to fully heat the domestic water to a minimum 115º delivery temperature based on 125º water available from the top of the tank.
Given the temperature control logic used by the pellet boiler, there will be times when the
water temperature in the upper portion of the tank is well above 125º. It could be as high as
190º. Because of this, it’s crucial to provide an ASSE 1017 rated anti-scald valve between the
outlet of the domestic water heat exchanger (HX1) and the hot water plumbing system.
Combination isolation/flushing valves are provided so that the domestic side of the brazed-plate
heat exchangers can be acid-washed to clean away scale accumulation. The DHW subsystem also
includes a pressure-relief valve on the heat exchanger side of the isolation/flushing valves.
Heat migration from the thermal storage tank is minimized by a Delta-P valve between the tank
and pellet boiler, a spring-check valve inside circulator (P2) and a spring-check valve in the auxiliary boiler piping.
Next month I’ll provide a full description of operation for this system along with suggested controller settings.

John Siegenthaler, P.E., is principal of Appropriate Designs, in Holland
Patent, N.Y., and author of the text “Modern Hydronic Heating.” He teaches
two, 10-week, design-focused online courses: Mastering Hydronic System
Design and Hydronic-Based Biomass Heating Systems.
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BY JOHN SIEGENTHALER AND BNP MEDIA
The Hydronics Know How II DVD contains all the columns and articles John Siegenthaler has written for
Plumbing & Mechanical and PM Engineer, from the very
first in July 1996 through December 2008. That’s over
200 articles and columns covering everything from
heat loss to hydraulic separation.
This digital collection is a virtual encyclopedia on
modern hydronic systems. No more cutting up magazines
– This DVD makes it easy to access all of “siggy’s” articles
and columns. Better yet, all the information is searchable.
Just type in a key word or phase and Adobe Acrobat® will
instantly search all the columns and articles for you. Good
designers know that it never hurts to go back and review
what you thought you completely understood a few years
ago. Sometimes a small bit of new information can yield
major benefits when applied repeatedly in future systems.
The information on this DVD will help you transform
hundreds of individual components into smoothly operating hydronic systems. Systems that consistently deliver
what their owners expect. In addition to the columns and
articles, the Hydronics Know How II DVD contains the latest
information on products, design and installation methods
from several leading manufacturers.
We are confident you’ll find details that will further enhance the systems you design and install. If you don’t, we
will refund you in full.
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CoMing next month

Issue Theme: Water Quality
pme will cover the latest in water quality for the plumbing
and mechanical engineering market.
Radiant cooling trends
What are the latest trends in radiant cooling that plumbing
and mechanical engineers should know? pme will give
them the full story in March.
Product focus: Emergency Fixtures
In March, pme will feature emergency fixture products. If
you’re a manufacturer of these important units and would
like to have a product feature, please email a 75-100 word
roundup and a high-resolution photo to pme Editor John
McNally at mcnallyjp@bnpmedia.com.
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TWO WAYS TO ORDER
1 // ONLINE at www.pmmag.com/products
2 // CALL Katie at 248/244.1275

Visit www.pmmag.com/products to
place your order or to view our entire
selection of technical resources.
CALL KATIE @ 248/244.1275 WITH
ANY QUESTIONS.

pmengineer.com
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