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ith energy costs skyrocketing
and low-emission wood-burn-
ing hearth products offering

the promise of reducing air pollution,
there has been lots of talk about effi-
ciency. High efficiency means less fuel
costs, less resources used and, if all
else is equal, less air pollution because
less fuel is burned. 

Unfortunately, efficiency values for
home heaters used for government pol-
icymaking and competitive product mar-
keting should not be taken at face value.
When reviewing efficiency values, a
quote from the very popular recent
movie “Pirates of the Caribbean”comes
to mind – “The code is more what you
would call guidelines than actual rules.” 

Simply put, if a specific appliance
or appliance category is claimed or
required to have an efficiency of, say,
75 percent, and another 65 percent,
without documentation and definitions,
nothing can be said about their relative
efficiencies. In fact, if an apples to
apples comparison were really made,
the specific appliance or appliance cat-
egory with 65 percent efficiency value
might be more efficient than the one
with 75 percent.

Basic Science
Let’s talk basic, fundamental science.
For efficiency to mean something it has
to be technically defensible and based
on the standard tenets of good science.
There is no such thing as a “number”
in science without three attributes. These
are: (1) a magnitude, (2) an uncertainty
and, (3) a validity. If a wood heater
carries an efficiency claim of 65 per-
cent, it has a magnitude, i.e., 65. The
uncertainty and the validity are where
the rub lies. Uncertainty, itself, has two
contributors – precision and accuracy.

Uncertainty
The contribution of precision to uncer-
tainty concerns the inherent errors that
a technician and the instruments make.
People and machines are only good to
a point. Efficiency, no matter what tech-
nique is used, requires multiple mea-
surements of multiple parameters, such
as temperatures, flow rates, gas con-

centrations, fuel mass, time periods, etc. 
Our best professional judgment, with-

out getting into fancy statistics, is that
precision for efficiency determinations,
when all is said and done, is good to
no more than plus or minus a few per-
centage units, i.e., the 65 percent num-
ber is really somewhere between 62
and 68 percent due to the uncertainty
from precision alone.

Accuracy is another way of saying
bias. If you measure the same para-
meter, say temperature, with two dif-
ferent pieces of equipment or two
different methods, you most likely will
get two different numbers.

At last count, we came up with nine
different proposed and credible ways
to measure efficiency, which have been
used. Because of their complexity, with
multiple measurements and assump-
tions, our best estimate is that the bias
between methods is easily plus or minus
several more percentage points. 

Different laboratories would also use
different equipment and, even when fol-
lowing the same protocols, they would use
slightly different procedures, both con-
tributing to bias. The bottom line is that
the claimed 65 percent efficiency value is
likely to be somewhere between 59 and
71 percent when the uncertainty contributed
by precision and accuracy are combined.

Validity
While the uncertainty in efficiency mea-
surements can make comparison of inde-
pendently derived efficiency values
difficult, the concept of validity, or lack
thereof, causes more confusion. Valid-
ity is somewhat nebulous to define, but
it relates to the representative-ness of
the measurement to what is really try-
ing to be assessed. In this case, if an
appliance has a claimed efficiency of
65 percent, does 65 percent of the fuel’s
energy really get turned into usable
home heat under real in-home usage?
Ignoring the problems with accuracy
and precision, the answer, the way it
now stands, is yes, no and maybe – it’s
all a matter of interpretation.

One reason that 65 percent efficiency
for a wood heater is misleading is that
the convention that has typically been
used to calculate efficiency in North
America uses the higher heating value
of wood fuel. It assumes that the energy
associated with water vapor condens-
ing to liquid water is part of the avail-
able heat content of wood. If water were
to condense in the wood heater chim-
ney, a considerable amount of creosote
ladened water would need to be col-
lected and a fan probably would be
needed to push the cool air out of the
chimney, as it would no longer rise
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under its own draft. 
Another convention to calculate effi-

ciency assumes that the water does not
condense but exits the stack as a vapor
– which it does. This latter convention
is used in Europe. A wood stove with
a 65 percent efficiency reported by the
North American convention, burning
wood with a moisture content of about
20 percent, would have an efficiency
reported by the European convention
of about 72 percent. Strong arguments
certainly can be made for both effi-
ciency reporting conventions. 

One thing, however, can be said
with certainty; these different conven-
tions do create confusion when com-
paring efficiency data. To further
complicate the issue, there are other
reporting conventions that also have
been used. In most cases, the conven-
tion used is not specifically noted when
an appliance is claimed or required to
have a given efficiency.

The more significant issues relating
to validity are the concepts of net effi-
ciency and energy return on investment
(EROI), which can be well illustrated
by comparing electric home heaters with
cordwood heaters. It has been claimed
that electric home heaters are nearly
100 percent efficient. This may be so,
but typical electrical transmission line
losses are 12 percent, most electricity
originates from coal-fired power plants
which are about 33 percent efficient,
and considerable energy is involved in
extracting, transporting, processing and
distributing coal. 

In contrast, cordwood fuel acquisi-
tion generally entails a chain saw and
a small truck. The EROI’s are lower
for cordwood than for electricity, with
the direct use of fossil fuels and pel-
lets in homes for space heating falling
in between. When comparing efficien-
cies between appliance categories, such
as between pellet stoves and cordwood
stoves, their respective EROI need to
be taken into consideration to provide
a fair comparison.

History
The current status of efficiency report-
ing for wood heaters is based on his-
tory and regulations, not technology,
and has nothing to do with how well
or how poorly the heater performs.
When the RegNeg committee negoti-
ated the NSPS standard for the EPA
certification of wood heaters, efficiency
was considered. Appendix J (40 CFR
60.534) was even reserved as a place-

holder for an efficiency method in the
Code of Federal Regulations. An effi-
ciency protocol was published in the
Federal Register in 1990. 

Because there was little interest in
actually measuring efficiency, either by
the regulatory community or the hearth
industry members who participated in
negotiations, the efficiency protocol
published in the Federal Register was
ignored, Appendix J is still empty today,
and all wood heaters are required to
report estimated efficiencies. These are
63 percent for non-catalyst-equipped
wood heaters, 72 percent for catalyst-
equipped wood heaters, and 78 percent
for models designed to burn wood pel-
lets (40 CFR 60.536). These are the
numbers shown on showroom hangtags. 

Adding to the confusion is EPA’s
guidance document known as AP-42,
which is routinely used nationally by air
quality regulators; it lists the efficiency
of certified non-catalytic, certified cat-
alytic and certified pellet stoves all with
the same efficiency of 68 percent.

There also were provisions in the
NSPS designed to exclude fireplaces
from the wood heater certification
requirements. One of these was having
a low burn-rate air-to-fuel ratio over
35:1. Because pellet stoves can be made

to operate with low burn-rates in excess
of 35:1, many manufacturers have
avoided the costly and time-consuming
certification process by designing them
to operate in excess of a 35:1 air-to-
fuel ratio. The problem with this strat-
egy is that, if all else is equal, exhausting
more heated air out the chimney inher-
ently lowers efficiency. The efficiency
of exempt pellet stoves is listed in EPA’s
AP-42 as 56 percent as compared to
68 percent for certified pellet stoves.

The Future
A number of good and well thought-
out efficiency test methods exist for
cordwood and pellet heaters. In fact,
too many exist. They simply need to
be reviewed and one needs to selected,
perhaps revised, and then promulgated,
or at least formalized, by the hearth
industry. A standardized reporting con-
vention needs to be agreed upon. An
evaluation of the differences in energy
requirements for the acquisition of fuel
is needed to compare the real efficien-
cies of pellet and cordwood heaters. In
summary, it is to the hearth industry’s
interest to have an even playing field
to promote fair competition, to encour-
age continued product improvement and
to widen wood heater acceptance.

Chemical Energy Loss Up chimney (smoke)

Chemical Energy Efficiency Flow Diagram Modern Certified Cordwood Stove
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There are two aspects controlling the overall energy efficiency of a wood heater. First
there is the combustion efficiency, i.e., how much of the wood fuel actually goes to the
carbon dioxide and water end products of complete combustion rather than making
smoke and creosote. Second is the heat transfer efficiency to the home of the energy
that is produced by combustion.  

The combustion efficiency of a modern certified wood heater is on the order of 90
percent. The overall efficiency, including both combustion efficiency and heat transfer
efficiency, is on the order of 75 percent if we acknowledge the fact that water exits the
stack as a vapor and the energy produced by its condensation back into liquid is not
available for heat.
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