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• Wood is a very clean fuel; oxygen is plentiful 
and a match and newspaper can create initial 
heat.

• Then, why can’t humans figure out how to 
heat without lots of smoke?!

• Because with wood stoves, the fuel and the 
amount of oxygen is left up to the operator, 
and operators are constantly prone to error.

• The wood stove may be the only common 
combustion technology that is not automated.  
It should be. 



• Fuel, oxygen and heat makes a campfire 
or forest fire. 

• For a clean burn you also need Time, 
Temperature and Turbulence.



Seasoned firewood is THE most 
important piece of the puzzle 
these days.  Seasoned wood is a 
process:
Procuring it early enough
Cutting and splitting it down to 

size (optimum is 3-6 inches in 
diameter).
Storing it in a covered space 

with airflow.



 Stoves built in 70s and 80s were usually just a steel box, and maybe a baffle, as in right image.  If 
the heat can go straight up the chimney, as in the middle image, you can lose up to a quarter of 

the heat. The famous Franklin stove had more than a baffle.  The air went down a channel before 
going up, but it had no door, so its often called an ”improved fireplace.”



 EPA certified wood stoves have come a long 
way - and still have a long way to go.

 Any stove will smoke with wet wood and 
insufficient air.  Modern, EPA certified stoves 
cannot correct for that.

 Non-cat stoves are the simplest and most 
popular.  They rely on air injected in the top 
of the firebox for secondary combustion.

 Catalytic stoves re-combust smoke in a 
honeycombed chamber. They are cleaner 
and more efficient when they are used and 
maintained properly.

 Hybrid stoves have both a catalyst and 
secondary air tubes.



• Pellet stoves use sawdust compressed into a pellet.  
Pellets are 5-7% moisture, compared to wood which 
should be 15 – 20%, but is frequently up to 30% 
moisture.

• The air around us is made up of 21% oxygen.  But 
clean combustion requires less and should be 
around 10-12%.  This is achieved by allowing not 
too much, or too little, air to go through the 
combustion chamber.

• The main reason pellet stoves are not as efficient as 
they should be, is because oxygen is needed for the 
air wash to keep the window clean, resulting in 
excess oxygen, and decreased efficiency.



 Automation of the air supply in wood stoves with an 
oxygen or lambda sensor is probably the best hope to 
make stoves far cleaner.

 Combustion in a stove is exactly the same as an 
automobile and you need to get the fuel and oxygen 
mix just right, by taking continuous oxygen readings 
and sending them to an engine control unit (ECU).

• The technology is progressing faster in 
Europe, where they are even required in some 
cities.

• One of the biggest problems is that consumers 
don’t necessarily want them and they cost 
more.



 One of biggest and most confusing issues 
surrounding wood as fuel, is the science behind 
carbon calculations.

 Three points to keep in mind:
 How wood is procured matters.  Larger scale harvesting 

of whole trees has different carbon impacts than how 
homeowner usually get their wood.

 Efficiency matters: Making electricity at 30% efficiency 
or making heat at 75% efficiency has carbon impacts.

 What fuel is displaced matters: Displacing electric 
resistance heat is more beneficial than displacing heat 
from a modern heat pump. 

CONCLUSION: Beware of studies about carbon impacts of 
shipping pellets to Europe to make electricity.  A lot of 
educated folks read articles about this and conflate it with 
small scale heating.



Pellet stove emissions are predictable, consistent, 
modest and not visible to the eye.

Wood stove emissions are unpredictable, inconsistent 
and often very high and very visible.  A stove that hits 
1.5 grams in the lab, could easily average 3-8 grams in 
the hands of the average homeowner.

The EPA emissions regulations over time
1988: 7.5 grams
2015: 4.5 grams
2020: 2.0 grams

Some models are likely much cleaner but some stoves 
barely changed at all between 2015 and 2020.  Test lab 
techniques have got better and the new cord wood 
test method may be easier to pass.



 The next round of EPA regulations, which could 
formally begin in the next year or two is 
expected to focus on new test methods.

 New test methods are needed to approximate 
how homeowners use stoves, which involves 
reloading, for example.

 The primary method still uses 2x4s and 4x4s, 
known as “crib” wood.  There will be shift to 
using cordwood.
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Pellet deployment in VT

 Getting 5% of homes to heat with 
pellets is achievable in many 
northern states. 

 More policy frameworks,  incentives 
and leadership is needed. 

 For air quality, the percent of 
cordwood stoves needs to drop and 
the percent of pellet stoves to rise.

 A more robust installation and 
service infrastructure is needed.



1. Non-electric heat complements Solar
With Solar for electricity and pellets for heat, a 

home can drastically reduce its carbon footprint 
immediately

2. Complements air source heat pumps (ASHP)
Single, multi-one or whole home ASHP, having a 

pellet stove to keep the main living area extra 
warm is highly valued by many. 

3. Helps avoid winter peak electric loads
 ASHP and EVs will contribute to more winter-

peaking. Widespread use of pellet heat, like in 
Europe, avoids this.



 Forget what you learned in Boy and Girl Scouts.

 Put the big wood on the bottom and progressively 
smaller wood on top.

 Let wood combust when its ready and don’t try to 
burn the biggest pieces too quickly.

 The technique has been used for hundreds of 
years in Europe in masonry heaters.

 The result is far less smoke, more successful 
quicker starts.

 Use lots of kindling!
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