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<EPA Outdoor Hydronic Heaters

e Qutdoor residential wood-fired hydronic heaters (RWHHS) are
used as a alternative renewable energy source for home
heating predominately in wintertime

 Emissions from RWHHSs include air toxics VOCs and PM that
can worsen local air quality and contribute to negative health
Impacts on affected communities

* Few studies have characterized speciated emissions from
RWHHs, which can vary by fuel type and appliance design
and operation

Study objective: To fully characterize speciated

emissions from a pellet burning hydronic heater
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The European pellet-burning hydronic heater tested in
this study is capable of burning various biomass fuel
types, e.g. wood chips, straw, wood pellets, etc.

o 20 kW rated thermal output

* Single combustion chamber with two-pass upflow heat
exchanger, integral ash bin, and ash screw

 Flat-bottom fuel bin and auger dropping pellets onto a
reciprocating grate with both underfire and overfire air
supply

* |Induced draft fan in stack added to replace normal natural
draft operation
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PBHH Operating Conditions:

e Syracuse cycle: representing wintertime
conditions for a 232 m? home in Syracuse, NY

o Steady state conditions: min. load, full load

e Each test lasted 6 hours

Fuels:

 Hardwood pellets

o Switchgrass pellets
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Experimental Conditions
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Continuous Measurements:

« CEMS -CO2, CO, 02, NOx, THC

e FTIR-S02, CH4, VOCs

 ELPI — particle size distribution

« Magee AE-22 Aethelometer, DMT PAX — BC

o Sunset OC/EC Anaylzer — Semicontinuous OC/EC
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Class of Pollutant Method Analysis
Particulates ASTM Method E2515-11 Gravimetric
Elemental analysis EPA Method IO 3.3 XRF
OC/EC NIOSH Method 5040 TOT
SVOCs/PAHs EPA Method 0010 HRGC/LRMS
PCDD/Fs EPA Method 23 HRGC/HRMS
HCI EPA Method 26A lon chromatography
Carbonyls EPA Method TO-11A HPLC
VOCs EPA Method TO 15 GC/MS
Bottom ash Grab sampling AA & mass loss on heating
Particulate morphology Not applicable SEM/TEM
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Note: not corrected for dilution or mass fuel burned

VOC Profiles — Hardwood (HW)

Most abundant VOCs
Include carbonyls,
aromatics and other partial
combustion products

VOC profiles are
Influenced by heating load
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Highest total speciated VOC
concentrations were
observed for low load and
switchgrass/Syracuse cycle
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Future Work
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Next steps...

* Finalize emission factors for speciated emissions data on a heat and
mass basis

« Compare results with literature values on hydronic heater VOC emissions
(l.e. Aurell et al., 2012, Johansson et al., 2004)

« Unknowns analysis of VOC data to identify unspeciated VOCs and
Improve speciation profiles

e Publish emissions data

_ Office of Research and Development
National Risk Management Research Laboratory

15



<EPA Ackwnowledgements

States
ental Protection

o)
60pn
3
3

Funding for this study was provided by New York State Energy Research and
Development Authority (NYSERDA) (NYSERDA Agreement 32984) through a
Cooperative Research and Development Agreement (CRADA) 79514 with the U. S.
EPA.

Hydronic heater and switchgrass pellets were supplied by Dr. Jerry Cherney of

Cornell University who also provided technical support.

_ Office of Research and Development 16
National Risk Management Research Laboratory



<EPA

United States
Environmental Protection
Agency

Questions?
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