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Requirements for Burning Wood

• Temperature:  At least 1000 degrees F
• Air (oxygen) in the right amounts
• Fuel-Air mixing
• Time for the gases to burn



Phases of Wood Burning

• Driving off the moisture
• Volatilization phase
• Charcoal phase



Wood Moisture

• Green wood contains roughly 50% water 
depending on the species and time of 
cutting

• A 34 lb load of green wood may contain 
roughly 17 lbs (about 2 gallons) of water

• Dried to 25% moisture, this same load of 
wood weighs roughly 23 lbs and contains 
about 5.6 lbs of water



Heat Loss Due to Moisture



Volatilization Phase

• When heated to a certain temperature, 
much of the wood content vaporizes.

• Most of the vapors are combustible and 
will burn given the proper amounts of 
oxygen and high temperatures.

• Unburned gases are emitted as white or 
bluish smoke.

• Characterized by flames.



Volatilization Phase



Volatilization Phase



Charcoal Phase

• Charcoal remains after the volatiles are 
driven off

• The charcoal is mostly carbon which is 
converted into carbon dioxide under good 
conditions, or carbon monoxide under air 
starved conditions

• Characterized by red coals and little if any 
flame



Charcoal Phase



Wood Burning Devices
for Home Heating

• Woodstoves—Catalytic and non-catalytic
• Wood pellet stoves
• Gas stoves (NG or propane)
• Fireplace inserts—EPA Certified
• New “exempt” wood stoves (not subject to 

EPA standards)
• Wood-fired boilers and furnaces



USEPA  Indoor Woodstove 
Standards

• Standards apply at the manufacturing 
level.

• These standards also apply to indoor 
wood pellet stoves and fireplace inserts.

• Models must be tested and labeled 
• Particle Standards:

– Catalytic Stoves:  4.1 grams/hr
– NonCatalytic Stoves:  7.5 grams/hr



US EPA Woodstove Website
http://www.epa.gov/woodstoves/index.html



List of EPA Certified Woodstoves
(one page of 110 Pages)



Woodstove “Change-out” Programs

• Old, dirtier woodstoves are still far more 
common that new, cleaner certified units

• Woodstove change-out programs provide 
for financial incentives to replace old 
woodstoves with new cleaner units

• Ask your local woodstove dealer about the 
availability of change-out programs

• Vermont’s change-out program is focused 
on Rutland City, but may be available 
elsewhere



Choosing a Wood Heating Device
Wood and Pellet Stoves

• Choose the smallest unit for the job—it will burn 
hotter and more efficiently.

• Clean burning and efficient units are best. Check 
the emission data on certification labels.

• Consider convenience:  Pellets are cleaner and 
easier to handle, but cordwood may be cheaper.

• Consider the use—something pretty for the living 
room, or a less decorative but perhaps less 
expensive unit.



Choosing a Wood Heating Device
Wood and Pellet Stoves

• Loading may be a factor for cordwood
– Front loading
– Side loading—left or right side
– Top loading

• Always choose a unit certified to burn 
cleanly and efficiently.

• Have a lot of power outages?  
Woodstoves work without power, but 
pellet stoves require power for operation.



Choosing a Wood Heating Device
Other Heating Devices

• Traditional fireplaces—”recreational”
– Not considered heating devices because most of the 

heat goes up the chimney
• Fireplace inserts (EPA certified)

– These are just as efficient as certified woodstoves 
and are far better than traditional fireplaces

• New “exempt” woodstoves
– Cheap, but these act more like fireplaces because 

most of the heat goes up the chimney
• Indoor/outdoor boilers and furnaces

– Major investment, but may be cost effective if you cut 
your own wood



Outdoor Wood-fired Boilers  

Outdoor Wood-fired Boilers (OWBs), a.k.a.:

Waterstoves
Outdoor Wood-fired Furnaces
Outdoor Wood-fired Hydronic Heaters   

(OWHH)
Outdoor Wood-fired Hydronic Heating 

Appliances



Outdoor Wood-Fired Boilers









What are they & how do they work?

An OWB is basically a wood-fired boiler in a 
small insulated shed some distance from the 
house.  Water pipes run underground to transfer 
heat for both space heat and domestic hot 
water.  They are used primarily for residential 
heating and hot water, but can be used in 
commercial applications.
Size range:  115,000 to 3.2 MM BTU/hr;  most 
common size is 500,000 BTU/hr [Wood stoves 
range from 35 to 75,000 BTU/hr]





Why are Vermont and other States 
concerned?

Citizen complaints:  Vt has received >60 complaints 
about >48 OWBs since 1995 from neighbors affected by 
smoke and odors.  Other NE and mid-west states have 
also received complaints.
Some complaints allege serious health or other effects 
(asthma, forced to sell house).

Air quality impacts: Residential wood combustion is 
one of the largest sources of PM2.5 emissions to the 
atmosphere in North America, and old style OWBs emit 
10 to 20 times more PM2.5 than wood stoves.  Other air 
pollutants emitted:  VOCs (benzene), PAHs (benzo(a) 
pyrene), CO, Nox, etc.



Why are Vermont and other States 
concerned?

Sales trends:  OWB sales are increasing 
dramatically:

Over 155,000 units nationwide since 1990
Sales growing at 30-128% annually
NESCAUM estimates 500,000 units by 2010, 
if trend continues
Sales concentrated in nineteen NE and 
midwest states (95% of sales)



Aren’t OWBs just big, outside wood 
stoves?

NO!NO!
OWBs have unique design features 

and operational issues --



1. Primitive combustion design

Cold combustion chamber (water jacket)
Little or no secondary combustion
Combustion air dampers are automatic: 
full open or full closed only
Oversized firebox



2. Cyclic operation

Air damper opens/closes based on 
temperature in water jacket – no manual 
adjustments (Hi set point ~180°)
On idle: low temps, O2 starved; heavy 
creosote deposits on cold walls
When damper opens & fire restarts, 
organics volatilize         high emissions







3. Poor energy efficiency

Low combustion efficiency
Heat losses from underground pipes

August 2005 NYS Attorney General’s 
report collected efficiency data (next page) 
[Note: This slide is from the New York State Attorney 
General’s Report:  “Smoke Gets In Your Lungs: Outdoor 
Wood Boilers in New York State”.]





i The results from Intertek and Omni Laboratories were provided to the OAG by the 
manufacturers. Note that due to the current lack of an established test methodology, 
the tests used may have differed. Thus, the results should be considered as a whole; 
comparisons between boilers may not be appropriate. For this reason,manufacturers’
names are omitted.
ii Valenti, J. and Clayton, R., Emissions from Outdoor Wood-Burning Residential 
Hot Water Furnaces, EPA-600/R- 98-017 (February 1998); names of OWB 
manufacturer ‘A’ and ‘B’ not provided in report.
iii Intertek Laboratories 2004.
iv Omni Laboratories 2004.
v Intertek Laboratories 2004. Data provided on behalf of ASTM Committee to
develop testing methods, using old ‘nameless’ OWB; data excluded from 
calculation of average.
vi Average of OWB units A through J; data excluded for OWB units K and L.

Footnotes for Appendix B from NYS AG’s Report:



4.Short stacks and low stack temps

Most OWBs come with stub stacks (8 to 
10 feet above ground)
Stack temps typically run from 130° (in idle 
mode) to 600° F
Result:  smoke often stays near ground 
and “fumigates” neighbors











5. Year Round Operation

OWBs provide hot water for space heat in 
winter
Also, heat water for domestic use, 
swimming pools, hot tubs, etc. in the 
summer (unlike wood stoves)
Many complaints received re: summer 
OWB operation, when windows open and 
dispersion poor.





What do we know about OWB 
emissions?

Particulate matter (mostly PM 2.5)
Carbon monoxide
Nitrogen oxides
VOCs (e.g., benzene, toluene)
PAHs (e.g., benzo(a)pyrene)
Dioxins and furans

>>>  LIMITED TEST DATA  <<<



Particulate emissions

This and the following slide are from the New York State Attorney General’s 
Report:  “Smoke Gets In Your Lungs: Outdoor Wood Boilers in New York 
State”.





From EPA’s 
“Compilation 
of Air Pollutant 
Emission 
Factors”, AP-
42



Emissions Testing

• EPA Method 28 modified for OWBs
– A modification of woodstove certification test
– A complex laboratory method

• ASTM draft test method similar to EPA 
method

• EPA Method 5 field stack test
• New field test methods under development











NESCAUM “In-Use” OWB Test
(Vermont - June 2005)

Pilot testing: to help design future tests
Two days & several operating cycles
Moderate heat load in field conditions
2 PM test methods:

Continuous stack concentrations of PM2.5 
with DataRAM nephelometer
Modified Method 17 – short duration 
gravimetric filter samples



Stack Sampling In Progress



Test Filter



RESULTS: NESCAUM “In-Use” OWB Test

DataRam
Mean DataRAM PM emission rate was 161 g/h. 

[3.5 hour average including both high and low fire 
modes; mean particle size: 0.1 to 1 µm+]

Modified Method 17 filter
Mean idle fire PM emission rate was 64 g/h with a 

range of 13 to 148 g/h. 
Mean full fire PM emission rate was 93 g/h with a 

range of 13 to 237 g/h.  Probable significant low 
bias due to high stack and filter temperature.



What are the States doing?

Vermont – 1997 Rule (Section 5-204):

Not allowed to install OWB within 200 feet of 
neighbor’s residence
If OWB is within 500 feet of a neighbor’s 
residence, the stack must be higher than the 
peak of the roof of the OWB owner’s house
Dealers must notify OWB buyers of the rule and 
have them sign a form which must be sent to the 
Air Division



What are the States doing?
Vermont – 2007 Rule (Section 5-205):

Prohibits the sale or distribution of OWBs after 
March 31, 2008 unless they comply with a 
particulate standard of 0.44 lb/mmBTU of heat 
input.
Manufacturers are responsible for having the 
OWB models tested and for informing the 
dealers which models may be sold for use in 
Vermont.



What are the States doing?
Vermont – 2007 Rule (Section 5-205):

Units certified for sale in Vermont are not 
required to have taller stacks.
Requires that the ANR propose a lower Phase II 
standard by March 31, 2008.
The likely Phase II standard is 0.32 lb/mmBTU
of heat output.



What are the States doing?

Connecticut:
Act passed in 2005 includes 200 foot set back and stack height 
requirements for new OWBs (similar to Vt’s rule)

Massachusetts:
Funded March 2006 NESCAUM report: “Assessment of Outdoor 
Wood-Fired Boilers”
DEP and local Health Boards have investigated several 
complaints & taken enforcement action in some cases requiring 
units to meet opacity or other limits, or not operate in summer.
Drafted regulation based on the NESCAUM Model Rule.



What are the States doing?

Maine:
Legislation and emergency regulation passed including a Phase 
I particulate standard of 0.60 lb/mmBTU input (effective 4/1/08) 
and a Phase II standard of 0.32 lb/mmBTU output (effective in 
2010).
Regulations are being adopted to implement the legislation.

New York State:
Complaints to DEC about OWBs are being handled under 
nuisance and opacity regulations; some enforcement actions 
have been taken [no summer operation; no waste burning]
Many towns have adopted ordinances banning or controlling 
installation of OWBs



What are the States doing?
OWB report issued by AG in August 2005 recommends adoption 
of state or federal regs to control OWBs
August 2005 petition to EPA from NYS AG and other NE states 
asks EPA to adopt emission standards (NSPS) for OWBs.  No 
response yet from EPA.

Ohio:
Taking comments on draft regulations until March 7, 2008.
Regulations include a Phase I standard of 0.44 lb/mmBTU input 
and a Phase II standard of 0.32 lb/mmBTU output.
The draft regulations also address existing OWBs.



What are the States doing?

New Hampshire:
Legislative hearings on house bill held in January 
2008.

Other states:
Washington imposes 4.5 g/hr PM limit on OWBs.
Wisconsin DNR – model OWB ordinance & public 
education
Indiana DEM is holding public meetings to discuss 
options for regulating OWBs.



What are the States doing?
Rulemaking petitions to USEPA in 2005:
The petition initiated by NYS, or a similar letter, asking EPA to adopt 
a NSPS for OWBs were signed by New York, Connecticut, 
Maryland, Massachusetts, Michigan, New Jersey, Vermont, Maine, 
and NESCAUM.

ASTM test method development:
A number of NE and midwest states and NESCAUM have been 
working with OWB manufacturers and EPA to develop method
ASTM Subcommittee formed in June 2004
Lab method to measure particulate emissions and heating 
efficiency
Test method is now in draft form; likely to be adopted in 2008.



What Is the US EPA Doing?

• Worked with OWB manufacturers, states 
and NESCAUM on ASTM Committee

• Developed an OWB laboratory test 
method similar to the EPA woodstove test 
method.

• Has implemented a voluntary program that 
establishes emission targets for OWBs 
and promotes cleaner burning units.

• Includes a labeling program for OWBs.



US EPA Voluntary Program

• Phase I EPA guideline is 0.60 lb/mmBTU
of heat input.

• The Phase II guideline will likely be 0.32 
lb/mmBTU of heat output, the same as the 
NESCAUM Model Rule and some state 
rules.

• Numerous OWBs being tested and at least 
one unit already meets Phase II limit.



From the EPA Hydronic Heater Website







Can Any Boilers Meet the New Standards?

• YES, technologies to meet standards are 
available and in use.

• Five “cleaner burning” OWBs are now 
listed on the EPA website (“Year Round”)

• Most common technologies include down 
draft gasification, mass storage or a 
combination of the two. 

• Other innovative designs are being 
developed.



Table of Converted Standards

0.320.23  (@ 72% effic.)0.137 g/MJ outputCSA >5.3 kg/hr

See AAACSA ≤5.3 kg/hr

0.7    (@ 63% effic.)0.444.5 g/hrWA All Others

0.34  (@ 72% effic.)0.242.5 g/hr*WA catalytic

0.55  (@ 72% effic.)0.404.1 g/hrAAA Catalytic

1.16  (@ 63% effic.)0.737.5 g/hrAAA Non Catalytic

0.61  (@ 72% effic.)0.4360.2 gr/dscfVermont Proposed

Lb/mmBTU outputLbs/mmBTU InputStandard limitsStandard













http://www.anr.state.vt.us/air/Website:

Vermont Air Pollution Control Division 
Department of Environmental Conservation
Agency of Natural Resources
103 South Main Street, 3 South
Waterbury, VT 05671-0402

Address
:

802-241-2590Fax:

Toll Free (within VT): 888-520-4879 
OR 802-241-3840

Phone:

Air Pollution Control Division
Phil Etter, Environmental Analyst
phil.etter@state.vt.us
Chris Jones, Air Pollution Compliance Chief
christian.jones@state.vt.us
Richard A. Valentinetti, Director APCD
dick.valentinetti@state.vt.us
Harold Garabedian, Deputy Director of 
APCD
harold.garabedian@state.vt.us

Email:


