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Can biomass be burned cleanly enough to qualify as a
renewable energy in the post fossil fuel era?

Climate
Health « CO2
. PM «« PM=BC/OC
*« Methane
oo CO
e¢ Air toxics o INZE
«« CO

What is “clean enough” to protect urban health?
What is “clean enough” to protect climate?



Biomass and health

e Aprovecho used an EPA Air Quality model to predict the needed emission factors,

especially PM2.5, to protect health including variables such as population density,
wind patterns, current levels of pollution, etc.

® An outside air emissions model was built by The Lane Regional Air Pollution Authority
(LRAPA) to estimate the air pollution that the small town of Oakridge, Oregon would
experience if residential biomass heating stoves were less polluting.

e The model estimated that air quality would meet WHO Standards if the 1,006 wood

burning heating stoves in the low density mountain town emitted a PM2.5 emissions
rate of 2.0g/hr.

e When population density rises, etc. the emission factors estimated by the model to

@ protect air quality and health are decreased.



Protecting health

Accurate air quality models are site specific
Using the Oak Ridge air pollution model a
PM2.5 emission rate of 0.79 g/hr has been
estimated to protect health when 15% of the
population density of New York City switches
from natural gas to pellet biomass heating
stoves.

Existing pellet stoves are currently achieving
similar PM2.5 emission factors

The ARC modified US Stove pellet stove
emitted 0.08 g/hr PM2.5
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Oakridge, OR people/km2g/hr  ug/m3
Measured worse case day
of all sources in the valley 512 9.18 4
Hypothetical all 2020
heating stoves with
background sources 512 2.00 1
Hypothetical all EPA 2020
heating stoves, NYC
population density 11313 2.00 81
Hypothetical heating stoves
to meet WHO Standard,
NYC population density 11313 0.79 3




Biomass and Climate

There is @ lot of uncertainty around the
Global Warming Potential of Black Carbon
(BC) and Organic Carbon (white), which
varies geographically.

On the other hand, estimates can be
valuable when comparing stoves.

In the IPCC table, CO2 has a Global
Warming Potential of 1. For example, by
weight, BC has an estimated 2421 times

more Global Warming Potential compared
to CO2.
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BC 2421

oC -244

co 5.9

VOCs 14

CH4 81

SO« -141

NOx 289
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Species Global Warming Potential

@20 years (IPCC, 2013) 1 Q&: P 4 v?r
g |

PM: Black Carbon 2421 :
PM: Organic Carbon (white) -244 B& . )

CO 5.9
VOCs 14
CH4 34
S$0,2%-141
NOx 289

Lowering the Black Carbon fraction in e
smoke has the potential to effectively
reduce the Global Warming Potential

@Negative GWP is not impossible?
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CO2e emissions from natural gas vs ARC pellet stove
ARC Improved Pellet Breckwell Stove

34.4 million BTU heat per year per USA

household (7,12) o e ) VXEightEd Vxeighted
- ig edium ow verage verage
117 1o CO2/million BTU natural gas (8) Test cycle Power Power Power |(ASTME2515) (ASTM E2515)
2% leakage rate of CH4 well to user (9, Heating Stove Metrics
10,11) CO2 emissions rate  g/hr CO2e, CO2 0
PM emissions rate g/hr
Natural BC emissions rate  g/hr CO2e, BC 13.5
Gas OC emissions rate g/hr CO2e, OC -19.2
CO2e 20 yr ton/year 5.27 CO emissions rate  g/hr CO2e, CO 10.0|hrs/year
cO2 ton/year 2.01 VOC emissions rate  g/hr CO2e, VOC 16.8 2190
CO2e from CH4 ton/year 3.26 CH4 emissions rate  g/hr CO2e, CH4 6.8|total
Nox emissions rate  g/hr CO2e, Nox 295.4{ton/year
PIC CO2e g/hr CO2e, PIC 3233 0.161
CO2, PM, BC, OC, CO, VOC from 2190 hr/year assumes
ARC testing 6 months, 12 hr/day

CH4 NOx from Brookhaven testing



Pellet stoves are known to have low Black Carbon ratios.

Biomass and
H e alth /CI | m at e Decreasing the Black Carbon fraction seemed to reduce the

Global Warming Potential.

Combining EPA Outdoor Air Modelling and the IPCC Global
——— \‘f; s;il] ?TT 19) ; ——— Warming Potential estimates provide ARC with a framework
- ‘Y@r .\{Y@ - ot to create biomass stoves that better address urban health
and climate when including the GWP pollutants in the
emission testing.

Can biomass be burned cleanly enough to protect health and
climate and join solar, wind, hydro, thermal as a renewable
energy resource in the post fossil fuel era?

Yes, it seems to be quite possible.




References

1. Champion, Wyatt M., et al. “Cookstove Emissions and Performance Evaluation Using a New ISO Protocol and
Comparison of Results with Previous Test Protocols.” Environmental Science & Technology, 2021, 55, (22), 15333-15342.
DOI: 10.1021/acs.est.1c03390

2. CDM. CDM: CDM-Home. www.cdm.unfccc.int/. Accessed 10/26/2023

3. Gold Standard. Quantification of climate related emissions reductions of Black Carbon and Co-emitted Species due to
the replacement of less efficient cookstoves with improved efficiency cookstoves. Version 1.1, Gold Standard for the

Global Goals, August 2017,
https://dlobalgoals.goldstandard.org/412-ics-slcp-black-carbon-and-co-emitted-species-due-to-the-replacement-of-less-

efficient-cookstoves-with-improved-efficiency-cookstoves/

4. Gold Standard. The Gold Standard. www.goldstandard.org/. Accessed 10/26/2023

5. Verra. Home - Verra. www.verra.org/. Accessed 10/26/2023.



http://www.cdm.unfccc.int/
https://globalgoals.goldstandard.org/412-ics-slcp-black-carbon-and-co-emitted-species-due-to-the-replacement-of-less-efficient-cookstoves-with-improved-efficiency-cookstoves/
https://globalgoals.goldstandard.org/412-ics-slcp-black-carbon-and-co-emitted-species-due-to-the-replacement-of-less-efficient-cookstoves-with-improved-efficiency-cookstoves/
http://www.goldstandard.org/
http://www.verra.org/

References

6. Verra. VMRO006 Energy Efficiency and Fuel Switch Measures in Thermal Applications. Version 1.2, Verra, July 2023,
https://verra.org/wp-content/uploads/2023/07/VMR0006-v1.2 PDF.pdf

7. https://www.eia.gov/todayinenergy/detail.php?id=37433 Accessed 11/13/2023
8. https://wcec.ucdavis.edu/wp-content/uploads/GHG-Emissions-from-Residential-Heating-Technologies-091520.pdf

9. https://www.edf.org/sites/default/files/US-Natural-Gas-L eakage-Model-User-Guide.pdf

10, Deborah Gordon et al 2023 Environ. Res. Lett. 18 084008

11. https://www.nbcnews.com/science/environment/un-climate-cop28-methane-leak-agreement-rcna127496.
Accessed 1.22.24

12. https://experience.arcgis.com/experience/cbf6875974554a74823232f84f563253. accessed 1.22.24

10


https://verra.org/wp-content/uploads/2023/07/VMR0006-v1.2_PDF.pdf
https://www.eia.gov/todayinenergy/detail.php?id=37433
https://wcec.ucdavis.edu/wp-content/uploads/GHG-Emissions-from-Residential-Heating-Technologies-091520.pdf
https://www.edf.org/sites/default/files/US-Natural-Gas-Leakage-Model-User-Guide.pdf
https://www.nbcnews.com/science/environment/un-climate-cop28-methane-leak-agreement-rcna127496

