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Geographic scope: Europe and North America

— Less emphasis on other countries where heating is required,
including China and India

Types of fuel: Wood and coal

— Less emphasis on other solid fuels, such as peat, agricultural
waste, garbage

Type of heating: Single-home residential heating

— Less emphasis on district heating

Type of exposure: population-level exposure to ambient
air pollution from heating appliances

— Less emphasis on indoor (in-home) air pollution and emissions
from cooking with solid fuels



e Residential heating is an essential energy service required
by billions of people worldwide.

e Despite availability of electricity and natural gas, many
people in Europe/North America heat with wood, coal,
forestry/agricultural waste, garbage.

e High PM2.5 and CO emissions (per unit fuel) due to
incomplete combustion in the home.

e 3.7 million deaths (2012) from exposure to ambient
particulate air pollution (482,000 in Europe; 94,000 in
Canada/US) [GBD: 3.2 million deaths in 2010].

Source: WHO (2014) Frequently Asked Questions: Ambient and Household Air Pollution 3



1. Introduction and context

e Countries in North America and Europe actively

encouraging residential heating with wood/biomass
(climate change mitigation/energy security) with
subsidies.
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e Report addresses:

— Persistent levels of emissions from residential solid fuel
combustion for heating.

— Growing evidence of health effects from exposure to PM from
this source sector.

— Lack of regulation of solid fuel use for residential heating in many
places.

e Reportis a general policy-relevant overview of the issues,
not a systematic review of the literature.



e |mportant source of ambient air pollution that is expected

to persist, in part due to climate change policies.
— Also slow adoption of state-of-the-art combustion technologies
— Lack of incentives for exchange of current inefficient stoves

e Europe: 13-21% of PM2.5 emissions come from

residential heating with wood/coal.
— US and Canada: 10%
— Central Asia: 10%

e \Wood combustion is sometimes dominant source of

PM2.5, especially during heating season.
— Infiltration is sometimes a problem, especially when
temperatures are relatively higher (homes are not as tightly shut).
— High intake fractions often observed during heating season, due
to of population density, meteorology.



Location
Christchurch, NZ

Estimated % contribution to ambient PM

90% heating season PM, ¢ A

Estimated ambient woodsmoke PM, . (ng/m3)

Tasmania, AUS

77% annual PM, ¢ A

~20 (winter)

Armitage, AUS 200
San Jose, USA 42% heating season PM, A

Atlanta, USA 11% annual PM, ¢

Montana, USA 55 — 77% heating season PM, . >* 7.0-11
Rural New York, USA 4-22
Rochester, NY 17% winter PM, ¢ %A 3.2
Seattle, USA 7 —31% annual PM, ;5

Seattle, USA ~30% heating season PM, . A 4
Portland, USA 27% annual PM, ¢ A 7
Fairbanks, USA 60-80% winter PM, ¢ A ~25
Truckee, USA 11-15 winter PM, ;%A

Las Vegas, USA 11 - 215" annual PM, ¢

Vancouver, CANADA 8.8

Rural BC, CANADA

11 (heating season, 7-day average)

Austria

10 — 20% winter PM "

Southern GER

59% winter PM,,>*

Duisberg, GER

13% autumn PM, o 5A

14.7 (range: 6.3 — 28.7)

Prague, CZ 37% heating season PM, . A 29.6 (range: 9.5 - 53.4)
Amsterdam, NL 11% heating season PM, ;A 25.4 (range: 6.6 —53.9)
Helsinki, FI 18 - 29% urban sites; 1-3

Helsinki, FI 17% heating season A 11.9 (range: 6.9 -18.3)

Northern SWEDEN

36 -81% of winter PM >*




e Both short-term and long-term exposures to wood and
coal smoke are harmful to health.

— Contains cancer-causing compounds

— Wood/coal smoke appears to act on human health in same way
as PM from other sources (IARC: carcinogenic)

e Epidemiological studies: ambient levels of PM from wood
combustion linked to respiratory diseases. Short-term
exposure linked to cardiovascular health.

— Relatively few studies conducted in developed countries

— In developing countries, linked to pneumonia in children, chronic
obstructive pulmonary disease in women, lung cancer

— Some studies on other types of biomass combustion (forest fires,
agricultural waste burning) show eye irritation, respiratory
symptoms, hospitalizations (especially in vulnerable populations)



e Residential heating with wood/coal causes over 60,000
deaths each year in Europe, and 1 million DALYs
(disability-adjusted life years).

e Also about 10,000 deaths in Canada/US, and 160,000
DALYSs.

— This is due to ambient air pollution exposure alone (not indoor
exposure)
— Calculated using estimates from GAINS, TM5-FASST, Global
Burden of Disease
e Population-weighted annual average PM2.5 attributable
to household heating with wood/coal:

— 3.4 ug/m3in Central Europe, 1.7 in Western Europe, 1.4 in
Eastern Europe



Ambient air pollution (annual average PM2.5)
From heating with solid fuels (2010)
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Global deaths from heating (through AAP)
(by region, 2010)

“wheatdeath05

Global total all AAP: 3.2 million deaths

Source: Brauer et al. (2012) Envir. Science & Tech; Chafe et al. (in preparation) 11



Encouraging fuel switching and use of more efficient
heating technologies can reduce emissions from heating
devices, although results are inconsistent.

Common interventions encourage installation of certified
woodstoves or heaters or switching away from solid fuels.

— Sometimes combined with education campaigns

Limitations include high cost of new appliances, and long
life of existing appliances.

Studies included have been done in Australia, Canada,
Ireland, and US.

12



6. What regulatory/voluntary measures can reduce
emissions from wood heating in developed countries?

e Eco-design regulations and labels in EU: expected to lead
to significant PM2.5 emissions from space heaters.

s rk, Germany), US and Canada.

ment period for new woodstove

13



6. What regulatory/voluntary measures can reduce
emissions from wood heating in developed countries?

2050

W Stoves
Single house boilers

B Medium boilers

® Fireplaces

Figure 7 Impact of implementation of Eco-Design Directive on PM2.5 emissions
from domestic combustion in the European Union (Cofala and Klimont, 2012).
MTFR = Maximum Technically Feasible Reduction

MCE = Maximum Control Efforts
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7. What are some policy needs regarding future use of
biomass for heating and energy production?

e Need for better alignment between climate change
mitigation policies (especially that support wood
combustion) and local air pollution policies.

e Need for tight, but technically achievable, limits on
primary emissions from wood/coal heaters (to reduce
BC).

e Need for greater understanding and implementation of
regulations to encourage energy efficiency.

e Consider implementing “no-burn” areas and “no-burn”
days where appropriate.

e Need for information campaigns about best practices for
woodburning, proper upkeep of wood heaters, alternative
heating fuels/appliance options.



Co-benefits are “win-win” outcomes across sectors.

Reducing emissions from residential heating can help air
qguality, mitigate climate change, and lead to better
health, especially in the near-term.

Climate relevance: if carbon is burned and released as BC
or CH4, has major implications for climate.

UNEP and WMO report advocates for dissemination of
pellet stoves to replace current stoves/wood fuels.

— Replacement of wood logs with pellets in Europe: 15% greater
cooling in Arctic (0.1C)

16



e Will be difficult to tackle outdoor air pollution problems
in many parts of the world without reducing emissions
from household heating with wood/coal.

e To protect health, need for policy-makers to incentivize
switching from solid fuel heating to gas- or electricity-
based heating.

— Or greatly improve efficiency of home wood combustion devices
— Balance between climate implications of fossil fuel use and high
current emissions of BC and CH4 from wood heating

e Climate-oriented policies that advocate for wood
combustion should promote only best available (lowest
emission) technologies.

— Should consider local/regional air pollution implications

17



e May-June 2014: Solicit comments/edits from TFH
members, co-authors and selected reviewers

e July 2014: Prepare updated draft

e September 2014: Submit to UNECE for translation/
distribution at LRTAP Convention Exec Body meeting (Dec
2014)

e Late 2014/Early 2015: Submit to layout designer for
conversion to WHO brochure

18



e Comments/suggestions on content and format?

Please feel free to contact me after the meeting:
zoe.chafe@berkeley.edu

Image source: Brunekeef (Bulgaria 2009) 19



Method of calculating sector-specific burden from
ambient air pollution GBD estimates

Comparison of regional DALY's based on 3 methods with 95% uncertainty
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Global DALYs from heating (through AAP)
(by region, 2010)

340,000 — -  ~.410,000

- 5__
/ A
;

160,000 290,000

310,000

“%heatdaly05 Global total all AAP: 76 million DALYs

Source: Brauer et al. (2012) Envir. Science & Tech; Chafe et al. (in preparation) 22



% ambient PM, . from

heating
% residential PM, ¢ % ambient PM, . from
from heating household sources
4 ) ) 4 ) 4 )
PM, . heating
(fireplaces and bo||ers) PM25 hOUSEhOId Ambient PM25
emissions x x
PM, 5 household Ambient PM, . Burden of Disease
emissions
g J g J g J
GAINS TM5-FASST, MESSAGE GBD

(TMS5, SAT, MEASUREMENTS)

*District boilers (1-50MW) not included 23



Household fuel use correctly split between commercial and
home use.

Escape fraction assumed to be 100%.

All particulates attributed to household emissions are from local
households (no significant input from atmospheric transport).

Spatial misalignment is probable—using national emission
totals, but heating emissions are spatially heterogeneous.

Still much to be done to truly understand biomass fuel use at
the household level, especially for heating. Need for better data.

24



Main points (Recap)

Residential biomass combustion for space heating is a
major source of ambient PM2.5 and BC across Europe
(north and south) and in temperate forested countries
on other continents.

Household wood combustion for heating seems to be
increasing in some countries due to alternative energy
costs and perception as “green” option.

As emissions from other sources go down, residential
biomass combustion expected to gain prominence as a
source.

Will be hard to reach WHO AQG in some countries
(especially in winter) without addressing wood burning

Advanced “cleaner” stoves not yet widely used
25



Articles
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ALYs decreased

6—but large effects in north Africa and Middle
East. Household air pollution is an important con-
tributor to ambient particulate matter pollution; we
estimate that it accounted for 16% of the worldwide

burden from ambient particulate matter pollution in
2010. The effects of ambient ozone pollution, which
increases the risk of chronic obstructive pulmonary
disease, were smaller than those of household air
pollution from solid fuels or ambient particulate matter

pAS)



EU-27,
PM2.5 emissions,
baseline, Tg

I Residential-biomass

B Residential-fossil fuels

«+ 0 Residential combustion

Tt 3l

2000 2010 2020 2030 Source: GAINS model, IIASA

Source: GAINS model (IIASA); baseline energy scenario from the PRIMES model



Global
PM2.5 emissions,
baseline, Tg

i cooking - biomass
i cooking - fossil fuels
B heating - biomass
I heating - fossil fuels
====Domestic- heating

e s e e9e Domestic

TOtal

1990 2010 2020 2030 Source: GAINS model, IIASA
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