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Executive Summary
For many years, Kraków has experienced significant problems with air quality, and in particular with
concentrations of particulates (PM10 and PM2.5 ) and Benzo(a)pyrene (BAP). Concentrations of these
pollutants significantly exceed national and European air quality standards, as well as the standards set
by the World Health Organization (WHO). The high concentration of these pollutants in the air has direct
negative impacts on public health and on economic productivity. Moreover, it harms Kraków’s  
attractiveness as a tourist destination. While Kraków and the Małopolska region have implemented a
number of programs to reduce air pollution, the City continues to struggle with unhealthy air quality. 1
This report focuses on the main source of particulate and BAP emissions in Kraków: the burning of
residential solid fuel for heat, particularly coal combustion. While there are other significant sources of
pollution such as transport, pollution from areas outside of Kraków, and industrial emissions, coal stoves
are the most significant contributor to PM and BAP emissions in the City, accounting for 42% of annual
PM emissions and 68% of BAP.2 Addressing pollution from coal stoves, therefore, is essential to bringing
the City into compliance with air quality standards, improving the health and quality of life of its
residents, and retaining its draw for visitors.
This report aims to provide the City and the Małopolska Regional government with information to help it
design a solution to the pollution problem. The report is organized as follows:
The first section provides the context on which RAP has based its recommendations regarding potential
ways that Kraków may want to address air quality. It discusses the reasons for regulating air emissions,
including compliance with environmental standards, and health and economic effects of air pollution.
The health and economic effects of air pollution are discussed in some detail. Next, it compares
Kraków’s  air  quality to other jurisdictions internationally. Lastly, it discusses international best practices
for addressing air pollution from solid fuel-burning stoves.
The second section focuses on potential solutions. RAP proposes a package of measures in order to
address the various dimensions of the problem. These solutions include:
a. Compiling an inventory of coal-fired stoves in Kraków;
b. Phasing out coal burning on a reasonable time scale;
c. Financing the transition to cleaner burning fuels;
d. Addressing the higher cost of alternative heat sources – particularly for low-income
residents; and,
e. Monitoring air quality to both understand the scope of the problem and to track
progress transparently.
The recommendations included in this report are a preliminary set of ideas, rather than a rigid recipe for
addressing air quality in Kraków. Ultimately, it is up to local experts to determine the proper solution for
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This report has been prepared by the Regulatory Assistance Project (RAP) in response to the request from the
Kraków City government for ideas on how to improve air quality in the City. This work is the product of
conversations with the City of Kraków (City) and other stakeholders, and fulfills the assistance RAP agreed to
provide in the Letter of Intention, signed between RAP and the City on July 30, 2013.
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Kraków. As such, this paper represents the beginning rather than the end of a dialogue with the City and
Region on how best to address air pollution. We welcome comments and questions, and look forward to
a productive discussion.
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1. Significance of Air Quality to Public Health and the Economy
In addition to meeting regulatory standards, ensuring good air quality is also an important issue from a
public health and economic perspective. The following section provides an overview of the importance
of air quality to public health and the economy, and demonstrates where Kraków falls within accepted
norms for ambient levels of three key air pollutants: PM2.5 , PM10 , and BAP.

1.1. Health Effects of High Ambient Concentrations of PM and BAP
The primary reason to regulate air quality is the negative impact air pollution has on public health. The
most problematic pollutants in Kraków – particulate matter (PM) and BAP – are recognized globally to
have a significant and well-documented deleterious impact on human health. Air quality agencies
worldwide recognize that fine particles are responsible for a significant portion of negative health
effects caused by air pollution. Pollutants that produce particulates include: sulfates, nitrates, metals
(such as neurotoxic mercury), and many other toxic compounds.3 Fine particles containing these
pollutants are inhaled deep into human lungs, and even cross the lung-blood barrier, spreading their
effects throughout the entire human body. Exposure to particle pollution is linked to a number of
human health impacts including premature death, cardiovascular effects, asthma and other lung
diseases. Particle pollution also harms public welfare, including causing haze in cities. In the last year,
environmental departments in the United States, Europe, and Asia have either tightened PM2.5
standards, proposed to tighten them, or have established new standards for the first time.4
BAP is a product of the incomplete combustion of organic materials, including coal, wood and cigarettes.
BAP is considered to be a mutagenic toxin, an agent that increases the frequency or extent of genetic
mutation, by the EU and US Environmental Protection Agency (EPA). Exposure to BAP is linked to several
human health impacts, which include: immune system suppression, decreased fertility, decreased birth
weight, red cell blood damage, and fetal death.5 BAP is regulated as an air toxin by the US EPA, and the
EU has developed a target ambient value of 1 ug/m3.
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Although not the focus here, mercury is also emitted in the combustion of coal. It is a potent, bioaccumulative
neurotoxicant that exists at dangerously high environmental levels in many regions of the world. It can impair
neurological development in fetuses and children, leading to reduced IQ and other effects. A body of evidence also
indicates elevated risk for cardiovascular disease, and in severe exposures, the risk of reproductive and immune
system effects, and even premature death. (Sundseth et al, Economic benefits from decreased mercury emissions:
Projections for 2020, Journal of Cleaner Production, 2010.)
4
3
The US EPA established an annual PM2.5 standard of 12 ug/m , the EU is deliberating in 2013 on whether to
tighten its standard, and China established a PM2.5 standard for the first time. The World Health Organization
3
(WHO) recommends an annual standard of 10 ug/m .
5
U.S.  EPA  Toxicity  and  Exposure  Assessment  for  Children’s  Health  (2007),  
http://www.epa.gov/teach/chem_summ/BaP_summary.pdf
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Air pollution affects human health in several ways:


Air Pollution is One of the Leading Causes of Mortality
The latest Global Burden of Disease (GBD) report found that air pollution is a top-ten leading
cause of death and contributes to 3.2 million deaths each year. 6 Individual country breakouts of
this global figure reflect that – for Poland – air pollution is contributing to 79,470–106,015
deaths each year.7



Air Pollution Morbidity Also Affects Quality of Life
The GBD report also found that air pollution disables people and profoundly influences their
quality of life. Many people are afflicted with disabilities such as chronic obstructive pulmonary
disease, cardiovascular diseases, and neurological impairments. These diseases impede  people’s  
ability to work productively, enjoy life, and contribute to society. Clearly there is increased
societal cost as a result of these negative health effects.



Health Findings Relative to Air Pollution in Kraków
Recent public health studies in Kraków have reached several important conclusions on the
health effects of fine particles. Kraków’s  Dr.  Jędrychowski has conducted or contributed to much
of this research, especially with respect to the effects of fine particles on children in the womb
and young children. Significant health effects from fine particles include:
–
–
–
–
–

Each 10 ug/m3 increase in annual PM10 has same cognitive effect as aging 2 years.8
Each 100 ug/m3 increase in annual PM10 shortens life by 3 years.9
Loss of intelligence (IQ): several point decrease proportional to PM exposure.10
Exposure  in  the  womb  increases  risk  factors  for  developing  Alzheimers  and  Parkinson’s  
disease.11
Exposure to PM may also be a risk factor for developing autism.

1.2. Economic Consequences of Air Pollution
Air pollution reduces economic welfare as it adversely affects the environment, human health, quality of
life, cultural heritage, and businesses (in particular tourism). Most impact studies are focused on human
health, especially in the context of fine particulates. As noted above, there is a large body of scientific
evidence showing a strong (negative) relationship between concentration of fine particulates and
increased probability of premature mortality or incidences of various illnesses. These data are used to
estimate the number of working years lost of all inhabitants due to a shorter statistical life or illnesses.
In order to obtain monetary assessment of benefits resulting from reduced concentration of pollutants,
scientists apply the concept of the value of a statistical life (VOSL) and disability-adjusted life years
6

Institute for Health Metrics and Evaluation (2012).
http://www.healthmetricsandevaluation.org/gbd/publications/policy-report/global-burden-disease-generatingevidence-guiding-policy
7
Id.
8
Ritz  (2013).  Dr.  Ritz  cites  the  work  of  Dr.  Jędrychowski.
9
Chen, et al. (2013).
10
Franco Suglia, et al. (2008).
11
Ritz (2013).
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(DALY). The health benefits are calculated by multiplying appropriate numbers of years by VOSL and
DALY.
A report from the Aphekom project12,a very comprehensive study of 25 European cities with a total
population of 38.7m people, assessed the economic benefits arising from improved public health as a
result of reducing PM2.5 concentration by 5 uq/m3. They estimated that it would bring annual benefits
for the whole population at the level of 14.5 billion euros. Bucharest, with high average PM2.5
concentration and a population of 1.9 million, would gain 1.1 billion euros per year, while La Havre with
moderate PM2.5 concentration and a population of 245,000 would gain 200 million euros per year.
Valencia, which has a similar number of inhabitants as Kraków but lower average PM2.5 concentration, is
estimated to gain 298 million euros per year.
It is not possible to give an economic benefit estimate for Kraków without a detailed scientific study.
However, taking into account evidence regarding increased mortality and morbidity incidence in
Kraków, it is likely that benefits to the society are very high in monetary terms. On top of this, important
additional benefits arise from avoiding negative impacts on tourism revenues (i.e., high pollution may
discourage prospective tourists) and reducing damage to historical buildings (one of Kraków’s  key  
cultural assets).
In conclusion, studies such as the Aphekom project detailed above indicate that there is little doubt that
Kraków’s  economy  will  benefit  from  improved  air  quality.  A  detailed  and  robust  Cost-Benefit Analysis
would help determine the best way for Kraków to improve air quality. The results of this analysis will
facilitate decision-making in Kraków as well as other Polish cities facing similar air quality challenges.
Ability to attract and maintain the best and brightest employees
Extended periods of high pollution also create difficulties for businesses seeking to hire and retain
employees. China has faced challenges attracting employees as a result of air pollution problems.
China’s  fine  particle  emissions  levels  are  higher  on  average  than  those found in Kraków, and foreign
companies who have established bases in China are finding many employees unwilling to accept even
very generous employment offers, or many qualified workers are cutting short their stays.13 The China
experience offers lessons for Kraków and  other  cities  with  serious  pollution  problems:  in  today’s  global  
economy, qualified, experienced workers highly value a positive quality of life and will turn down offers
to work in cities they feel are polluted, even if the offer is more generous than their current salary. On
the positive side, cities with clean air can market this attribute to potential workers as one reason to
locate or relocate to that city.

1.3. Air Quality in Kraków
The air quality in Kraków falls well below Polish, EU, and other international standards for air quality
relating to PM2.5 , PM10 and BAP. There are several reasons for this. During the winter months, the
residential heating emissions increase fine particles and BAP emissions (more granular data are not yet
available). Kraków’s  meteorology  and  location  often  lead  to  limited  atmospheric mixing, and winter
12

Pascal M., M. Corso, O. Chanel, C. Declercq, C. Badaloni, G. Cesaroni, S. Henschel, K. Meister, D. Haluza, P.
Martin-Olmedo, S. Medina (2013), Assessing the public health impacts of urban air pollution in 25 European cities,
Science of the Total Environment, vol. 449, p. 390-400, Elsevier.
13
Burkitt & Spegele (2013).
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inversions allow pollutant concentrations to build up over several days. The high winter pollutant levels
significantly contribute to Kraków’s  exceedances  of  the  annual  averages for each of the three main
pollutants (PM2.5 , PM10 , and BAP). While Kraków has undertaken significant steps to limit pollution
levels, a combination of geography, climate, and the low cost of heating with coal continue to pose a
challenge.
Kraków has three monitoring sites that record concentrations of PM2.5 , PM10 and BAP. The table below
displays annual averages of these pollutants for 2012. All three were significantly higher than the
current European Union (EU) standards for these pollutants. Monitoring data for PM10 reflect that
pollutant levels are highest during the winter months. During the winter of 2012-13, PM10
concentrations averaged over 100 ug/m3 during January and were 70 ug/m3 or greater for each month
from November through January. Daily average concentrations of fine particles exceeded 100 ug/m3 for
28 days from November 2011 to March 2012, and for 41 days from November 2012 to March 2013. For
the same two time periods, daily concentrations exceeded 200 ug/m3 for five and three days,
respectively. An average daily concentration of 314 ug/m3 was measured on December 9, 2012.14
Table 1 compares annual and seasonal concentrations of these three pollutants in Kraków with EU
standards.

Table 1 Annual and Seasonal Concentrations of PM2.5 , PM10 and BAP

PM2.5
PM10
BAP

2012 Averages,
Kraków

Winter Average,
2012-13, Kraków

EU Standard

37 ug/m3
62 ug/m3
11 ug/m3

49-110 ug/m3
70-100 ug/m3

28 ug/m3 15
40 ug/m3
1 ug/m3

Difference
between Kraków
average and EU
standard
132%
155%
1100%

The chief emissions sources responsible for ambient concentrations of fine particles and BAP are16:

Table 2 Chief Emissions Sources for fine particles and BAP
Residential heating
Traffic
Local industry
Sources outside Kraków

PM2.5
34%
13%
17%
36%

PM10
42%
16%
23%
19%

BAP
68%
3%
29%

As Table 2 above illustrates, residential heating is the primary source of PM10 and BAP concentrations in
Kraków, and is the second greatest contributor to PM2.5 concentrations.

14

Małopolska  Environment  Department,  air  quality  data  web  page.  http://213.17.128.227/iseo/
3
3
Note that the European PM2.5 standard will be lowered to 25 ug/m in 2015 and to 20 ug/m in 2020.
16
Meeting  notes,  RAP  and  Małopolska  Environment Department, July 29, 2013
15

7

Table 3 Comparison of PM2.5 Standards and Kraków’s  Ambient  Concentrations
PM2.5 Standards
(ug/m3)
Annual

Europe

United States

China

Kraków Level

2617*

12

35

37

2. International Experience and Best Practices
In considering solutions to the air pollution in Kraków, it is useful to look at how other countries and
regions around the world have addressed the problem. While Kraków’s  situation  may  be  different  in  
certain respects, it is possible to extract valuable lessons from international experience that could be
applied in Kraków.
As a result of differences in both historical causes of pollution and of political and legal context, different
countries and regions have come up with somewhat different approaches to addressing air pollution.
The following table summarizes the approaches taken in the US, UK, and China.

Table 4 Addressing Regional Air Pollution
Country

USA

UK

Period of Most
Serious Air
Pollution and
Geographic
Coverage
Late 1970s
through early
2000s. Western
cities and
towns

Late 1940s late 1960s;
large cities
(especially

Air Law Structure

Pollution Sources

Main Approach

National law with
minimum
pollution
reduction
requirements.
Implemented by
states and cities;
Flexible approach
as long as air
quality improves
per state plan;
States and cities
can and have
promulgated
more stringent
standards.
National law.

Solid fuel is a localized
issue. While coal is
uncommon, wood burning
causes significant pollution
in certain regions.

Prohibiting installation
of new solid fuel
stoves; Restrictions on
stove type; Bans of
solid fuel combustion
during high pollution
episodes.

Residential heating
(particulate matter, SO2);
Industrial sources
(particulate matter, SO2).

“Smoky  fuel  ”  bans  in  
London, expanded to
other cities;
Closure of UK coal

17

The EU standard will be 25 ug/m3 in 2015 and 20 ug/m3 in 2020. The US standard was 15 ug/m3 prior to
December 2012. *There is no daily PM2.5 standard in the EU or Poland.
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London).

China

Late 2000s present; all of
Eastern China;
most  of  China’s  
113 key cities.

Weak national air
law;
Strong, didactic
requirements
from National
People’s  
Congress;
Pilot new or more
stringent
requirements
first, then expand
to large regions.

Fuel combustion from all
sectors: residential,
commercial, industrial
(PM2.5 , SO2, NOx).

mines;
Rapid development of
North Sea natural gas.
Coal free zones
established and
expanded (cover 47 key
cities as of August
2013);
Closure of 72 GW of
inefficient power
plants;
Closure or relocation of
inefficient industrial
production;
Conversion of district
heating from coal to
gas;
Conversion of taxi cab
fleets to CNG.

The following section goes on to discuss in more detail the best practices that have arisen from these
approaches to addressing air quality, and demonstrates the progress that they have achieved. This
section considers the experiences from the US, UK, Ireland, China, and New Zealand. Detailed case
studies are provided in the Appendix.

2.2 International Best Practices
Reviewing air quality measures that have been developed over the last 50 years to address serious air
pollution, requirements fall into these general categories:



When pollutant concentrations are greater than 200% of an air quality standard or when
pollution persists for days or weeks, outright bans or prohibition of activities have been
implemented;
When pollutant concentrations are greater than an air quality standard (but not above 200% of
the standard) or when pollution is episodic (meaning high concentrations occur at certain times
of day or last for only a few days or less), performance standards are implemented or activities
are restricted during the air pollution episodes.

Solid fuel burning (chiefly coal and wood, but also garbage in some jurisdictions) has long influenced
urban air quality.18 Since the 1950s, cities and countries globally have enacted bans or standards that
either prohibit or restrict solid fuel combustion. These include:

18

In 1661, John Evelyn presented King Charles II with a treatise on the problem of smoke entitled Fumifugium: or
the Inconvenience of the Aer and Smoake of London Dissipated. He suggested that smoke pollution would shorten
the lives of people living in London. See Greater London Authority (2002).
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London (1950s through today): Dublin (1990s through today): bans on smoky coal and peat by
geographic area.
United States (1950s through today): bans on burning garbage (1950s/60s), prohibition of
installation of new wood or solid fuel stoves (cities in Colorado, 1990s), restrictions on the type
of stove or appliance that can be used (several Western USA states, 1990s to present) or
outright bans of any solid fuel combustion based on forecasts of unhealthy air quality.
China (starting with the 11th Five Year Plan, 2006, and continuing today): closure of 72 GW of
small,  uncontrolled  coal  boilers  in  five  years;  establishment  and  then  expansion  of  “coal  free  
zones”  in  central  business  districts;  prohibition  of  residential  coal  combustion;  prohibition  of  
coal combustion by restaurants.
New Zealand: ambitious home weatherization program, which resulted in 200,000 homes being
upgraded within five years. The benefits to public health alone were nine times greater than the
value of the energy savings.

The summary message from the examples above is that regulators in all regions have banned or
restricted the burning of solid fuel in order to improve air quality and public health. Appendix A
provides case examples from different parts of the world, along with their details.
In the US, EU and China examples, solid fuel bans have been implemented by regulations or standards.
In the United States, regulations tend to ban certain types of solid fuel stoves (i.e. stoves must meet
performance standards, be certified or have catalysts to capture the pollution), or ban burning outright
based on forecasted or actual air quality. This framework relates to the fact that in the US, the most
serious existing pollutant concentrations compared to a regulatory standard reflects PM2.5
concentrations that are at their highest, 30-40% above the standard. Also, US homes have many choices
of what fuels are used (natural gas being available in most states, and many homes in rural areas use
propane). Some state building codes prohibit the construction of homes that rely on solid fuel as a sole
source of heat.19 And, in some jurisdictions, solid fuel bans or restrictions have been imposed to avoid
creating a serious pollution problem.20
In  London  and  Dublin,  “smoke  free  zones”  were  first  established  in  these  cities,  and then have been
later expanded to cover smaller  towns  and  districts.  China’s  solid  fuel  bans  at  first  followed  the  
framework  of  London  or  Dublin,  by  establishing  “coal  free  zones”  in  the  central  parts  of  major  cities.  
These zones have since been expanded to cover additional cities and larger areas within the initial
cluster of cities establishing such zones.21 Small industrial boilers contribute significant quantities of

19

See for example, Washington State Energy Code, Section R303.9.1, which also states that solid fuel stoves
installed for auxiliary heat must meet EPA certifications.
20
Modeling of air pollution may conclude that, if solid fuel appliances are permitted, the city or town will violate
air quality standards, so the bans or restrictions are imposed as preventative measures to maintain compliance.
21
The  Ministry  of  Environmental  Protection  issued  new  requirements  in  December  2012  for  China’s  key  cities  
(there are 113 in total). The requirements for coal free zones (now required in 47 key cities, covering at least 80%
of  the  city’s  geographic  area  are  (translated  from  Mandarin:  “The  burning  of  raw  coal  (including  loose  coal),  
washed coal, honeycomb briquette, coke, charcoal, coal gangue, coal slime, coal tar, heavy oil, and residual oil are
forbidden in restricted zones, as well as various combustible waste, directly combusted biomass, and other high
polluting fuels such as light diesel oil, kerosene and manufactured gas in which the pollutant values are exceeding
national standards. Various facilities with high polluting fuels, which have been built, should be dismantled or
retrofitted to use pipeline natural gas, LNG, pipeline coal gas, electricity or other clean energy within a definite
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pollution in China. China has adopted a two-tiered approach, first by expanding the number of cities and
geographic coverage of the coal free zones, and second, by requiring large industrial boilers to be
subject to energy audits to improve fuel consumption and air quality. In addition, several cities including
Beijing, Guangzhou and Nanjing, have implemented coal caps. As a result, the fuel used for district
heating is rapidly being converted from coal to natural gas.22
In  response  to  the  widespread  and  serious  air  pollution,  China’s  Ministry  of  Environmental  Protection
(MEP)announced new requirements in December 2012 for coal-free zones.23 Such zones were first
piloted  in  2010  in  several  of  China’s  key  cities,  such  as  Chongqing  and  Beijing.  The  2012  MEP  
requirements expand the number of cities required to have coal-free zones and the geographic coverage
of the zones themselves. Forty-seven key control areas are identified, and the coal-free zone must cover
at  least  80%  of  the  city’s  boundary.  Another  provision  of  the  MEP  requirements  establishes  coal  caps  in  
three key regions and several cities, with the intention of expanding coal caps to other cities and regions
during the 13th Five-Year Plan (covering 2016-2020).24

2.3 Results of international approaches to address pollution from solid fuel
burning
For those jurisdictions that have elected to impose some form of limitation or ban on the use of solid
fuels, there have been verifiable improvements in air quality. For example, as illustrated in Figure 1, the
City of London experienced a drop in smoke of over 250 µg/m3 and a drop in SO2 of roughly 400 µg/m3
in annual concentrations over the course of the 50 years in which the City implemented limitations and
bans on the use of certain solid fuels.

time. Facilities, which use high polluting fuels past the prescribed deadline, will to be ordered to dismantle or be
confiscated.”
22
Beijing enacted a coal cap that will reduce coal consumption from 26 million tons in 2011 to 15 million tons in
2015, and to 11 million tons in 2020. At the same time, district heating plants are being switched from coal to
natural gas, with the goal to have 60% of these plants burning natural gas by 2015. Other Chinese cities that have
announced coal caps since the fall of 2012 include: Nanjing and Guangzhou.
23
Abstract  from  December  2012  MEP  details  of  requirements  for  the  coal  free  zones  in  the  47  key  cities:  “The  
burning of raw coal (including loose coal), washed coal, honeycomb briquette, coke, charcoal, coal gangue, coal
slime, coal tar, heavy oil, and residual oil are forbidden in restricted zones, as well as various combustible waste,
directly combusted biomass, and other high polluting fuels such as light diesel oil, kerosene and manufactured gas
in which the pollutant values are exceeding national standards. Various facilities with high polluting fuels, which
have been built, should be dismantled or retrofitted to use pipeline natural gas, LNG, pipeline coal gas, electricity
or other clean energy within a definite time. Facilities, which use high polluting fuels past the prescribed deadline,
will  to  be  ordered  to  dismantle  or  be  confiscated.”
24
The three key regions are: Beijing-Hebei-Tianjin, Yangtze River Delta (including Shanghai) and Pearl River Delta
(including Hong Kong, Shenzhen and Guangzhou).
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Figure 1 Avg. annual smoke and sulfur dioxide concentrations in London, 1952-2000
(Note: Data before 1954 was only published as 5-yr. averages.)

Source: Greater London Authority (2002).
Dublin, Ireland saw similar improvements in its air quality after the imposition of a ban on the sale,
marketing, and distribution of bituminous coal in and around Dublin in the early 1990s. Table 5 shows
sharp drops in both smoke and SO2 after the imposition of the ban. 58% of the reduction attributable to
the ban was due to switching to non-solid fuels and 42% was due to switching to smokeless solid fuels.
For SO2, the figures were 88% and 12% respectively.25

Table 5 Change in emissions attributed to Dublin fuel ban

Source: Jones, et al. (2005).
Christchurch, New Zealand also achieved strong air quality improvements when it embarked upon a
combination of education, assistance, and a ban to curb the negative impacts of solid fuel burning for
winter heating purposes. Figure 2 shows that over ten years the six-hour average concentration of PM10
μg/m3 dropped from 270 to 79.

25

Jones, et al. (2005).
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Figure 2 Avg. PM10 air pollution concentrations on still evenings, 1999-2010

Source: Christchurch City Council (2011).
And finally, Seattle, Washington in the United States was able to drive down its concentrations of PM10 .
Figure 3 shows PM10 concentrations gradually reducing after the imposition of solid fuel controls in and
around Seattle between 1980 and 2004.

Figure 3 PM10 Concentrations in Seattle, 1980-2004

Source: Generated from http://airgraphing.pscleanair.org/
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2.4

Role of the public

Addressing serious air pollution from any sources can be challenging, and the influence in Kraków from
the combined influence of thousands of residences makes it especially so. Frustratingly, fine particles,
the main pollutant to be controlled, is very effective at extinguishing light even at ambient
concentrations that are just above existing standards. In effect, Kraków is like a fish bowl in which
someone has deposited ten drops of food coloring. In order to reach recommended standards, Kraków’s  
job is to remove nine of these drops. Unfortunately, the  public  won’t  notice  that  anything  has  changed  
until at least five of the drops have been removed.
The phasing out of residential coal stoves over a short time frame, requires consistent and sustained
open lines of communication to the public. Some of the actions will be temporarily disruptive;
contractors  will  be  visiting  apartments  and  homes  to  change  out  stoves  and  improve  the  building’s  
energy consumption. However, communication of the objective and overall societal benefits are key
since overall success in Kraków will depend upon public support. The following steps are therefore
suggested:
 Take advantage of the existing public network that has been supportive of Kraków taking action
to improve air quality. The City or Region may not agree with all the points advocated by such
grassroots groups, but such groups can be very important allies to help Kraków succeed.
 Consider taking advantage of the number of corporations that have service centers and who
employ significant numbers of local residents. Corporations care about the environment and the
health of their workers. A clean environment means more productive workers and less sick time
taken. These companies could help to further publicize and support Kraków’s  actions.  This  
recommendation builds upon the public/private agreement on district heating connections that
was recently signed by the City and several private entities.
 Consider opening a street-level office in central Kraków where the public can learn more about
what actions Kraków is taking, and can provide input.
 Develop an easy to understand metric illustrating improvements in air quality. For example,
show the number of stoves changed out, and assuming that portable air monitors are
purchased,  provide  “before”  and  “after”  data  where  significant  numbers  of  stoves  are  converted  
to show the improvements in air quality.

3. Preliminary recommendations
As the City and Małopolska Regional Office well know, addressing pollution from solid fuel burning
requires several simultaneous and coordinated actions by the city and the region. It is not enough simply
to replace coal-fired stoves with cleaner alternative heat sources. It is necessary to somehow ensure
that new coal-fired stoves do not replace them. Residents are faced with the costs of fuel switching, and
then with a higher cost of energy. And it is necessary to track progress in a way that is transparent. We
therefore list recommendations on how the City might undertake the following steps:
1. Create an inventory of stoves burning solid fuels in the City
2. Impose a ban on solid fuels
3. Expand  the  city’s  financial  support for fuel switching/alternatives
4. Monitor air quality
5. Provide air quality forecasts to address crisis levels of pollution
6. Enforce regulations
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3.1

Inventory Recommendations

The City of Kraków has contracted with Atmoterm to complete a pilot inventory for a small cross-section
of buildings in the old town. An initial estimate of 450 stoves in this area revealed an actual count of
about 160. Local chimney sweeps were an important information source. Based on this initial study,
several conclusions are:
• Initial detailed inventories are useful and necessary
• Completing a full inventory in the same way as the initial inventory is not a precondition to
actions to reduce pollution.
• Commence cooperation with the district heating, electricity distributor, and natural gas
companies to estimate number of buildings heated with solid fuel in Kraków.
Based on Kraków’s  initial  inventory  effort,  the  following  steps  should  be  completed:  
• Get a list of buildings heated with district heating, natural gas and electricity from distributors.
• For the buildings that have connections to natural gas or electricity but do not use them for
space heating, identify these buildings based on lower average yearly consumption of electricity
or heat.
• Subtract buildings already connected to district heating or with electric/natural gas heat from
the buildings in Kraków. The number of buildings you will get will be a reasonable proxy of
buildings that are heated with solid fuels.
The above effort could be completed in a short period of time, perhaps in just a few months, and be
sufficiently adequate for the time being. As buildings are thermally upgraded, and as coal stoves are
replaced, contractors can provide additional data that can be used to update and improve upon the
initial emissions inventory. Over time, as buildings are thermally upgraded and switched to cleaner
burning fuels, the inventory can be updated and improved, such that a full inventory of buildings in
Kraków is completed.

3.2

Impose a ban on solid fuels

As cities around the world have faced serious or severe air pollution, their responses to improve air
quality have been consistent, regardless of the pollutant(s) that are contributing to the problem. Initially
certain practices or types of equipment are banned, and restrictions are placed on other activities during
severe pollution episodes. As air quality improves, additional restrictions are often implemented to
further reduce pollution in order to meet ambient air quality standards and to provide headroom for
future economic growth.
Solid fuel burning from residential stoves and appliances today contributes to over one-half Kraków’s  
emissions. While Kraków has also implemented good policies for the transport and industrial sector, it
cannot meet current and future EU standards for fine particles and BAP unless the residential emissions
are virtually eliminated. Coal is the primary solid fuel used in residential stoves; therefore, we
recommend a phase-out of coal for residential heating. Due to lack of data on other solid fuels, and in
particular wood, we do not address the question of whether addressing wood burning as well is
necessary to meet air quality standards.
Due to the significant contribution of coal to atmospheric concentrations of PM and BAP, a phase-out of
residential coal burning within a five-year period makes sense, and will enable Kraków to significantly
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improve its air quality and reduce public health effects. Viewed within the context of global examples,
banning solid fuel meets these key principles:







3.3

Consistent with best practices. Many cities with serious pollution in the United States first
banned use of existing residential solid fuel devices and today still impose total burn bans on all
forms of solid fuel combustion for a few days each year in order to avoid degrading air quality
and to sustain compliance with current USA ambient standards for fine particles. China first
piloted the concept of coal-free zones in 2010 in the urban cores for several key cities, found
that this was inadequate to improve air quality, and has since expanded coal-free zones to 47
key cities that account for more than one-half of the population and GDP.
Easy to enforce. Establishing clear standards of what is permissible to burn provides certainty,
which is important to achieve long-term progress to improve air quality. A standard that might
permit certain types of coal to be burned over another would require significantly more staff to
enforce. And, such a standard would require adopting legislation at the national level on fuel
standards and marketing. Environmental staff  would  have  to  inspect  local  “do-it  yourself”  stores  
to audit their supplies, perform random roadside audits (some coal today is sold along
highways), and monitor shipments of coal that are imported from outside Kraków.
Facilitates ability to measure air quality improvement. A distinct regulation that phases out
residential coal burning provides a straightforward way for Kraków to measure progress to
reduce pollution.
A five-year time frame is rational. A shorter time frame would not permit synchronization of
building upgrades with changing out coal stoves to cleaner fuels. A longer time frame would
cause many homeowners to decide to install coal stoves now and take advantage of cheap fuel
prices, and also not result in the degree of air quality improvements needed to meet current
and future EU ambient air quality standards.

Provide financial incentives

Imposing a ban on burning solid fuels implies additional costs for households, which will have to switch
to low-emission sources of heat – district heating, natural gas or electricity. Households will pay for
purchasing and installing new devices. Additionally there is a difference between operational costs of
coal stoves and low-emission sources of heat. The differential costs depend on the type of coal being
burned and the type of stove being used. Based on information from the City and the Małopolska
Region in July 2013, conservative cost differentials to switch to cleaner fuels are: 9.5% for district
heating, 10% for gas and 30% for electricity. Households burning the lowest grade coals would face
higher differential costs. Therefore, there are good reasons to offer compensation to these households.
The City of Kraków already offers assistance in this area. In order to achieve a city-wide ban in five years,
the city will need to carefully consider how to structure and finance such a program to maximize its
effectiveness, minimize cost, and ensure that vulnerable customers are protected. We have structured
our recommendations to build off of the good work that the City is already undertaking, and
recommend the following:
There are three financial programs in Kraków at the moment. Two of them have been in place for many
years – programs that offer investment grants. The third one – a subsidy to increased operational costs –
is being structured now. The whole package is very comprehensive and generous. Based upon these
programs, citizens will not observe any difference in costs, while they enjoy better comfort.
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a)  PONE  (Program  Obniżania  Niskiej  Emisji  /  Low-stack Emission Reduction Program)
Since 2007 the City has been offering investment grants to households, which want to switch from solid
fuels to low-emission heat sources. This program is very comprehensive and gives a strong financial
incentive for switching to low-emission sources of heat. As the City will need PLN 360-500m to phaseout solid fuels, it is important to consider options that would improve efficiency and cost-effectiveness
of the program.
Recommendations:
 Correlate grant levels with income criteria. The same environmental goal will be achieved with a
smaller budget.
 Reduce the grant threshold each year (e.g. 900 PLN/kW in 2014, 800 PLN/kW in 2015, 700
PLN/kW in 2016). As people speed up phasing out coal to take advantage of the larger grants,
society will get environmental benefits sooner.
 Provide grants for thermal rehabilitation of buildings to households that will have to switch to
electricity. Without thermal rehabilitation they will pay much higher energy bills (up to 30%).
Although the City will offer subsidies to increased heating costs by 2023, after this period,
without efforts to reduce energy consumption, households will incur the full differential costs
between the coal they burned previously and whichever of the cleaner fuels is selected as part
of the coal stove conversion program.
b)  Lokalny  Program  Osłonowy  (Local  Protection  Program)
The City has structured a financial instrument that will provide subsidies to households that switch from
solid fuels to low-emission sources of heat. For the poorest households that occupy relatively small flats
and houses (i.e. not larger than a threshold as set forth in the law on housing allowances) the subsidy
will cover 100% of the estimated difference between coal and low-emission sources of heat. In the case
of more wealthy households or households that occupy larger flats / houses, the subsidy will decrease
according to an algorithm. An eligible household will get a lump sum payment once per year till 2022. It
is estimated that an owner of 50 square meters flat will get PLN 500 per year in case of switching from
coal to DH or gas and PLN 1500 per year in case of electricity.
Households will be exposed to an increase in costs after 2023. The City will be under pressure to extend
the support mechanism. While the subsidy is reasonable as a temporary measure, the City cannot
continue this policy forever. Hence, it is important to consider complementary measures that would
help households to manage increased heating costs.
Recommendations:
 Provide households with a package consisting of: education, energy consulting, and a grant for a
set of small investments to conserve energy and water. In case of replacing coal with DH or
natural gas, it is possible to compensate increased costs of heating by reducing use of all energy
carries.
 In case of households that switch to electricity it is wise to consider a deep retrofit of buildings
since an increase in costs is too high to mitigate it through behavioural changes and small indoor
investments.
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c) Loans offered by banks with a subsidy component from the Regional Fund for Environmental
Protection and Water Management (WFOŚIGW)
The Regional Environmental Protection Fund offers subsidies to households through partner banks.
There is broad array of financial products based on loans. They cover such areas like: phasing out coal,
improving energy efficiency of buildings, installing renewable sources of heat (biomass installations and
solar panels), and PV. Below two examples are discussed: replacing coal with natural gas or oil and
thermal rehabilitation of buildings.
The first example is the financial program offered through WFOŚIGW for replacing coal stoves with
other heat sources. This program cannot compete with the offer of the City (which covers 100% of the
costs), so while attractive in other parts of Małopolska, it is not attractive for Kraków. Rather, it is
targeted to other parts  of  the  Małopolska  Region. Total allocation of subsidies to this program will
exceed PLN 2m in 2013.
A similar financial program is offered for thermal rehabilitation of buildings. However, subsidies are paid
not to principal capital but to interests. The Fund covers 80% of interests under assumption that costs of
insulating a building are not higher than PLN 200 / square meter.
The Fund has both resources and competencies to provide financial incentives.
While the instruments offered through partner banks are well structured, they cannot compete with
100% investment grants offered by the City. Hence, they will have a limited impact upon Kraków.
Recommendation:
 Consider a product that offers subsidies to households for deep retrofit s of buildings combined
with phasing out solid fuels in areas, where ambient air standards are exceeded.

3.4

Air quality monitoring

Three air quality monitors record pollutant concentrations in Kraków. One monitor is situated in a
location with high vehicular traffic whose measurements are influenced by the transport sector. The
other two monitors are located away from major highways, and are believed to be representative urban
scale indicators of Kraków’s  air  quality.
Kraków monitors high concentrations of fine particulate (PM2.5 ) and BAP. While PM2.5 plumes can travel
hundreds of kilometers, PM2.5 concentrations can also widely vary within very short (a few city blocks)
distances.26 A more dense air monitoring network offers these advantages:
 Better characterization of Kraków’s  air  quality  
 More precisely indicates the locations and degree of contribution of pollution sources
 Measures improvements in air quality as residential units are converted from coal to cleaner
fuels

26

Jerrett (2013). See in particular slide 39 of 63, which reflects real-time measurements of ultra-fine particles in
Berkeley, California.
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A denser network can be accomplished as follows:
 Increase the number of fixed fine particle monitors (representative of official EU or USA
reference methods, capital cost estimated at $20,000 per monitor)
 Use several mobile monitors to assess fine particulate concentrations in real-time (palm sized
units that, when co-located with an official reference method monitor, have shown a high
correlation in measuring ambient PM concentrations, capital cost $5,000 per monitor)27
 Encourage the use of personal exposure monitors that can be worn by a person walking, or
attached to a bicycle, to record real-time pollutant concentrations as a person travels a
particular route, or could be used diagnostically to identify pollution hot-spots, or to compare
“before  and  after”  pollution  concentrations  following  conversion  of  a  building  to  cleaner  fuel
(capital cost approximately $1,000 per monitor)28
Doubling the number of fixed monitors would restore Kraków’s  network  to  the  same  quantity  of  
monitors that were installed and operated in the 1990s and early 2000s.29 To optimize capital outlay,
Kraków could purchase one of the mobile monitors described in the second bullet above, and
referenced in footnote 28, and co-locate this monitor at an existing fixed monitoring site. Doing so
would permit comparison of the two different types of monitors to assure precision, and it would allow
Kraków to purchase several of the mobile monitors for the same capital cost as a single fixed monitor.

3.5 Air quality forecasts, Episode Planning
Kraków provides air quality forecasts to the public and warnings when the air quality is serious to
severe. Serious to severe pollution levels occurred nine times during 2012, and twice during the winter
of 2012-13. These steps are good and should be continued.
During periods when the air quality index is more than twice the standard, additional short-term actions
should  be  implemented  to  mitigate  acute  health  effects.  Such  actions  are  referred  to  as  “episode  plans”  
and are typically put into effect the day before air quality is expected to seriously degrade (based on
weather forecast and expected wind patterns, or lack thereof) and last for a few days until the weather
conditions improve. Episode plans were first put into place in California in the 1960s and continue today,
even in areas that may exceed an air quality standard only a couple of times per year. The focus of
current episode plans is to prevent the most serious health effects from occurring. China has also
implemented episode plans in several cities that have experienced periods of severe air pollution.
Episode plans typically include the following actions:30





Ban on construction activities
Total bans on solid fuel burning for residences (includes wood as well as coal)
Ban on truck traffic during the evening
Additional incentives to encourage people to use public transit

27

See Allen, et al. (2004); Allen, et al. (2011).
Elen, et al. (2013). Other portable monitors include CitiSense and a monitor developed by MIT that was first
applied to mobile monitoring in Copenhagen.
29
Seven ambient air quality monitors were operating in 1991. See LaMontagne, et al. (1992).
30
James (2013).
28
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3.6

Enforcement

Kraków’s  ability  to  achieve  clean  air  rests  on  a foundation of solid actions – phasing out of residential
coal stoves and improving building energy consumption. But, regulations and actions alone are
insufficient to assure that clean air goals are met. These actions must be enforced, consistently,
routinely and with imposition of penalties proportional to the seriousness or recurrences of any
violations. For example, having speed limits on highways is meaningless unless drivers who exceed such
limits are caught and ticketed appropriately. Since the actions to improve Kraków’s  air  quality  rely  upon  
individual as well as collective behavior, it is important for Kraków to diligently enforce pollution control
measures, and to publicize enforcement so that people are informed. The following actions are
recommended:
 Publicize newly adopted or amended regulations on coal stoves once they are put into effect
 Provide ways in which the public can take advantage of financial incentives and programs to
replace existing coal stoves and upgrade building energy consumption
 If not already in place, establish a 24-hour phone line or email address where the public can
notify the City and Region of illegal behavior
 Establish a sliding scale of penalties and corrective actions proportional to the number of
violations and their seriousness. For example, the first time a person is caught, a written
warning (followed a few days later by a follow-up inspection) may be acceptable. Whereas, a
third violation or someone who is burning garbage in their stove might result in immediate
actions to change out that stove along with a penalty
 Consider public input on ways in which the City can enforce a solid fuel ban and what actions are
most appropriate. Use the public office suggested earlier in this section as one avenue for public
input,  and  providing  information  on  the  City’s  enforcement  efforts

4 Kraków Context
4.1 Experience with waste water treatment and rapid phase in of connections
While converting thousands of residential homes from coal to natural gas in a five year period may seem
daunting, Kraków has had previous experience with upgrading infrastructure for environmental reasons.
During the late 1990s and early 2000s, Kraków successfully improved connections to water and waste
water treatment. Kraków was able to connect 95% of homes to water and waste water treatment, up
from 17% of homes connected just five years earlier.31 Based on the public-private partnership
agreements signed earlier in 2013, and the ability to access environmental funds to accelerate the rate
of changing residences from coal to cleaner fuels, Kraków has the ability today to replicate the success it
achieved in the late 1990s with improving water quality.

4.2 Quality of life: tourism, attracting and maintaining businesses
Kraków’s  location  along  the  Wisła  River, its proximity to the Tatra Mountains, urban parks and many
universities make it very attractive as a place to live and work. The nine million tourists who visit Kraków
and  the  surrounding  area  each  year  agree  that  it  is  also  a  great  area  to  spend  one’s  vacation.  Improving  
31

Meeting notes RAP and Deputy Mayor Trzmiel, May 14, 2013.

20

the air quality will enable Kraków to continue to attract visitors, and to highlight clean air. Better air
quality can also be an effective marketing tool to attract and maintain businesses and their employees.32

4.3 Leadership: Example to other cities in Poland, central and eastern Europe
Kraków is not the only city in Poland affected by pollution from solid fuel burning. The nearby city of
Zakopane, located in the Tatra Mountains and a year-round destination for outdoor activities and spa
center, also experiences heavy pollution from residential heating. And, cities to the north, such as
Poznań, also have significant pollution from solid fuel burning. Kraków’s  efforts  to  demonstrate  how  air  
quality can be improved, especially the linkages between improved energy consumption and cleaner
fuels, make for excellent leadership examples that can be applied to other locations. Lessons learned
from Kraków could also be good demonstrations for other European cities suffering from poor air
quality.

5 Conclusions
Improving air quality in Kraków is an important undertaking, and one that can be accomplished with an
effective set of policies. Improving air quality will not only bring Kraków in compliance with Polish and
EU air quality standards, but will improve public health, well-being, and economic productivity. The City
of Kraków and Government of Małopolska recognize this, and have implemented several programs to
reduce pollution from solid fuels. While these programs have not managed to bring pollution down to
acceptable levels, they have provided a foundation for addressing the problem.
In preparing this report, RAP has drawn on Kraków’s  experience  to-date and international best practices.
Kraków is not alone in facing pollution from solid fuel burning. A number of jurisdictions in the US,
Europe, China, and New Zealand have had to address similar issues, and have successfully managed to
reduce harmful air pollution to acceptable levels. We have described these experiences and applied
them to the situation in Kraków to develop recommendations that we believe may be appropriate for
the City.
Our recommendations center on phasing out the primary source of the pollution: coal burned in stoves
around the city. We suggest steps for developing an inventory of stoves burning solid fuels in the City. In
order to pay for the transition, we encourage expansion of the existing programs that support fuel
switching, and implementation of energy efficiency measures to help pay for the difference in the cost
of heating. Next we recommend air quality monitoring, both to track progress and to help forecast when
air pollution is expected to reach dangerous levels. Air quality forecasts can help the city address the
days with the worst levels of pollution. We recommend that the City implement specific steps to
minimize harmful air pollution on days where air pollution reaches crisis levels. Lastly, we address
enforcement,  which  is  central  to  ensuring  that  the  City’s  goals  are  met.
32

China’s  air  pollution  is  having  a  significant  effect on  that  nation’s  ability  to  attract  tourists  and  highly  qualified  
workers. Tourism numbers have decreased in 2013 compared to 2012 and foreign workers are shortening their stays
or declining offers of employment, even when those offers come with significant renumeration. See for example:
“Why  Leave  Job  in  Beijing?  To  Breathe”,  Wall  Street  Journal,  April  14,  2013;;  
http://online.wsj.com/article/SB10001424127887324010704578418343148947824.html.
Cong  Huang,  “The  Impact  of  Local  Environmental  Quality  on  International  Tourism  Demand:  The  Case  of  China”,  
University  of  San  Francisco,  Master’s  Thesis, May 2012.
Finland  Times,  “Air  Pollution  in  China  Affects  Tourisms”,  August  4,  2013.
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We realize that, ultimately, it is up to the City and Regional governments to craft an appropriate solution
to air pollution in the City of Kraków. We look forward to working with the city to work through these
proposals and develop a plan that will clean up Kraków’s  air.
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Appendix A: Case Studies
Background Context
Before demonstrating the actions that various countries and regions took to mitigate air pollution, it is
useful to understand the different drivers of pollution.


Europe
In Europe, the main sources of pollution are the transport and industrial sectors; however, solid
fuel combustion has been a problem in some areas. This is because while much of Europe has
transitioned to electricity, gas, or oil for heat, parts of Europe have continued to use coal to heat
homes. In fact Dublin, Ireland reverted back to using coal after the 1970 worldwide oil crisis. The
lessons from Dublin and London provide some useful examples of how to address air quality
from solid fuel burning.



New Zealand
The New Zealand city of Christchurch experienced unhealthy air quality caused by residential
solid fuel burning. Many of the homes that burned wood were also constructed before 1980,
and basically not insulated. A combination of complete building upgrades and a ban on the use
of solid fuels in older homes during their winter months (April through September) has helped
to significantly improve local air quality.



China
Following  Deng  Xiaoping’s  liberalization  of  the  Chinese  economy  in  the  late  1980s, China has
rapidly developed. The 12th Five  Year  Plan’s  expected  7%  growth  rate  in  GDP  represents  a  lower  
growth  rate  than  was  experienced  during  the  previous  five  year  period.  China’s  economic  
growth has been fueled by coal, and coal consumption across all sectors has rapidly increased to
a level of nearly four billion tons per year. To address the air pollution from coal, China has had
to design policies that impact many sectors at once, including residential coal burning.



United States
In the United States, the transport and industrial sectors are the primary drivers of air pollution.
Natural gas and electricity have, since the 1940s, been the cheapest source of heat; however,
there are jurisdictions within the US where widespread solid fuel combustion has been a
primary driver of air pollution. While the examples from the US concern wood rather than coal,
the approach to pollution mitigation can be applied to any situation where residential solid fuel
burning is a problem, regardless of whether that fuel is wood, coal, or something else.
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Detailed case studies for each of these regions are provided below.
(A)

Dublin, Ireland
In the late 1970s following the worldwide oil crisis, the City of Dublin gave permission to
residents to install back boilers in their homes.33 This encouraged an increased reliance on
bituminous coal use and led to increased black smoke and smog levels in Dublin. By 1990, the
problem had become so pervasive and serious that a ban was imposed on the sale, marketing,
and distribution of bituminous coal in and around Dublin.
The ban on coal had a dramatic impact on air quality in the City. (See Table 2, above.) There also
were coincident improvements in health indicators associated with air quality after the
imposition of the ban. (See Figure 4).
Figure 4: Change in death rates due to Dublin fuel ban.34

While average weekly household expenditures on energy declined across Ireland between 1984
(pre-ban) and 1994 (post ban), those declines were smaller in Dublin than in the rest of the
country, suggesting that Dublin resident have higher energy costs because of the ban.35
However, the benefits of the ban weigh favorably when compared to the costs. (See Figure 5).
Figure 5: Benefits (CAFE CBA method) of the Dublin fuel ban

Bans on smoky coal were extended to seven additional towns on May 1, 2013, and Ireland is
now in the process of considering whether to extend the smoky coal ban nationally.36
(B)

London, United Kingdom
In  1952,  London  suffered  an  air  quality  disaster  that  has  been  called  “The  Great  Smog  of  1952.”    
For a period of five, cold days in December 1952, the City was wrapped in a thick layer of

33

A back boiler is a mechanism that fits onto a residential heating stove or fireplace and enables it to provide both
heat and hot water or central heating.
34
Jones, et al. (2005).
35
Jones, et al. (2005).
36
Ministry for Environment, Community, and Local Government (2012).
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pollution. The health effects of the event were terrible: 4,000 people died of respiratory
ailments during the five day stretch, and another 8,000 people died in the ensuing months.37
The Clean Air Act 1956 was enacted by Parliament in response to London's Great Smog of 1952
and remained in effect until 1964. The Act included a number of measures meant to reduce air
pollution,  perhaps  most  important  of  which  was  the  introduction  of  “smoke  control  areas.”    
Smoke control areas were established within certain towns and cities, including nearly all of
London, and are areas in which only smokeless fuels can be burnt. Smoke Control Areas have
persisted throughout revisions of the Clean Air Act.
A recent report assessing the potential for repealing or changing all or parts of the Clean Air Act
noted, “[r]emoval  of  constraints  in Smoke Control Areas has potential for large increases in
emissions from domestic solid fuel combustion including significant impacts on national
emissions of Benzo(a)pyrene, PM10 and PM2.5 .”38
(C)

Christchurch, New Zealand
Christchurch, Canterbury, in New Zealand, historically has had the poorest air quality in the
country.39 Roughly  80  percent  of  the  particulate  matter  in  Christchurch’s  air  came  from  homes,  
particularly in the winter when people began using their wood burners to stay warm.40
In the late-1990’s,  Christchurch  began  seriously  to  consider  methods  of  addressing  the  problem.  
A ban on burning wood was considered. However, there was clear hesitation by elected officials
to regulate the use of wood burning stoves if it might mean residents would go cold in the
winter. As consultations took place on a draft regulation and members of the public became
involved in the discussion, it became clear that residents were interested in addressing both the
home heating and the air quality problems.
With a first step, the Clean Heat project was formed in 2003, with $50 million in funding over 10
years. The funding was derived from a local property tax, which amounted to a $35 increase on
top of existing taxes.41 With the funding, the Clean Heat project subsidized the installation in
homes of a clean air approved heating appliance and subsidized the installation of any necessary
insulation in the home.42 Project assistance could include full subsidization, a partial subsidy, a
loan, or a landlord subsidy. The project planned to convert 26,000 homes and as of 2010 had
converted over 16,000.43
As the Clean Heat program was converting houses and conducting education work with
residents, the Clean Air Rule went through the consultation process and was finalized and
approved in 2008. The Rule included a ban on the use of open fires and solid fuel burners 15

37

Nagourney (2012).
Abbot et al (2012).
39
Environment Canterbury (2010).
40
Local Government New Zealand (2007).
41
Local Government New Zealand (2007).
42
Environment Canterbury, et al. (2009).
43
Environment Canterbury (2010).
38
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years or older in Christchurch. The ban operates from April 1 to September 30, and residents
may face fines of up to $300 if they continue to use their old burners or open fires.
As shown in Figure 6, particulate matter levels have been dropping steadily in Canterbury, in
part due to the retrofits and to the ban on solid fuels in the Clean Air Rule.
Figure 4: Christchurch A

(D)

China





In May 2010, the State Council issued guidance that required three key regions and ten city
clusters to develop regional multi-pollutant air quality plans. These plans included the following
features:
Affected cities have a population of 500 million, responsible  of  40%  of  China’s  GDP,  and  have  a  
minimum GDP growth of 7% per year
Coal free zones to be established in the central business districts
Recognized energy efficiency as an air quality control measure

In  December  2012,  the  National  People’s  Congress codified the guidance into a law, and expanded its
coverage, requirements and departments accountable for assuring its success. Currently, the law
features the following requirements:
 Establishes  key  control  areas  in  47  of  China’s  113  major  cities.  All 113 major cities are required
to have key control areas by 2015.
 Extends requirements to have coal-free zones in all key control areas, and the size of the coalfree  zone  must  encompass  at  least  80%  of  the  city’s  geographic  area.
 Establishes caps on the total quantities of coal that can be consumed, and reductions in these
quantities  by  2015  and  2020.  Beijing’s  plan  is  to  convert  residential  district  heating  from  coal  to  
gas, and to reduce coal consumption from 26 to 11 million tons for the period 2011 to 2020, a
reduction of about 60%.
 Sets forth mandatory emissions reductions for major pollutants including PM2.5 , and mandatory
improvements in ambient concentrations to be achieved by 2015.
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(E)

Applies to Ministry of Environmental Protection, Ministry of Finance and the National
Development and Reform Commission. Performance objectives of senior officials in these
departments are linked to meeting the established targets. Failure to meet the targets may
result in loss of bonuses, future qualification for promotion, or for seriously inadequate
performance, transfer to less desirable jobs.
Sacramento Metropolitan Air Quality Management District, United States44
The Sacramento Metropolitan Air Quality Management District adopted Rule 421 on October
25, 2007. The rule implemented a mandatory, episodic curtailment of wood and other solid fuel
burning on days when weather conditions cause wood smoke to be trapped near the ground
and build up to unhealthy levels.
The solid fuel ban is part of a comprehensive effort to address air quality problems by reducing
emissions from the burning of wood. Other parts of the effort include: 1) providing financial
incentives to residents so they will remove or replace fireplaces and dirty stoves with cleaner
burning options and 2) prohibiting the installation of new fireplaces and dirty wood stoves.
The ban, which is only in effect from the beginning of November through the end of February, is
based on a day-ahead forecast, with three possible outcomes:




If the PM2.5 forecast  >25  μg/m3  to  ≤35  μg/m3,  then  there  is  voluntary  curtailment  
during which burning is discouraged but not banned;
If the PM2.5 forecast  >35  μg/m3  to  ≤40  μg/m3,  then  there  is  a  Stage  1  mandatory  
curtailment, during which no burning is allowed except in U.S. Environmental Protection
Agency-certified woodstoves and inserts or pellet stoves;
If the PM2.5 forecast  >40  μg/m3,  then  there  is  a  Stage  2  mandatory  curtailment  during  
which no burning is allowed in any device.

The program has been successful, helping reduce PM2.5 levels  by  12  μg/m3 in the District, a 23%
reduction.45 The cost effectiveness of the effort is estimated to be approximately $6,300 $11,100 per ton of PM2.5 reduced (in 2010 dollars).46
(F)

Bay Area Air Quality Management District, United States
The nine counties that surround San Francisco Bay have a population of roughly seven million
residents and an estimated 1.7 million fireplaces and wood stoves. The particulate matter (PM)
in the smoke from these fireplaces and stoves has been a problem for many years.47 In July
2008, the Bay Area Air Quality Management District implemented Regulation 6, Rule 3, which
updated  the  area’s  prior  Model  Wood  Smoke  Ordinance  that  had  been  in  effect  since  the  1990s  
and which had required local communities to ban the burning of wood in certain instances.

44

U.S. EPA (2012); MacDonald, et al. (2009).
Cooley (2009).
46
Cooley (2009).
47
BAAQMD (2013).
45
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Regulation 6, Rule 3 has more stringent requirements. It:







Restricts wood burning when air quality is unhealthy and a Winter Spare the Air Alert is
issued;
Places limits on excessive smoke (exceeding 20-percent opacity);
Requires that only cleaner-burning EPA-certified stoves and inserts be sold in the Bay
Area;
Requires only cleaner-burning EPA-certified stoves and inserts in new construction or
remodels;
Prohibits the burning of garbage and other harmful materials; and
Requires labeling on firewood and solid fuels sold within the Bay Area.48

The Bay area has seen a significant improvement in air quality in part because of the wood burn
ban. (See Figure 7).
Figure 749

(G)

State of Colorado

The State of Colorado regulates the sale and installation of new and used wood burning devices and the
use of wood burning stoves on Air Quality Action Days. Colorado implemented Air Quality Regulation
Number 4 (New Wood Stoves and the Use of Certain Wood burning Appliances During High Pollution
Days) on June 16, 2006, and it became effective on August 30, 2008. The law establishes the types of
wood stoves that can be sold in the state, and it sets out provisions under which wood stoves can be
used. For example, the regulation prohibits the burning of wood stoves on high pollution days. The
regulation also, on and after January 1, 1993, prohibits the sale or installation of a used wood-burning
device within portions of the counties of Adams, Arapahoe, Boulder, Denver, Douglas, and Jefferson.
Individual cities may have additional, stricter regulations within their jurisdictions.
Some specifics of the regulation include:


48
49

Only EPA Phase II or Colorado Phase III certified wood burning devices be sold, resold, or
installed
o Colorado Phase III stoves must pass both particulate matter and carbon monoxide
emission standards
o EPA Phase II certified stoves must only pass standards for particulate emissions.

BAAQMD (2013).
Bay Area Air Quality Management District.
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Any fireplace installed in a residence must be gas, electric, or certified wood burning
stove/inset, or an approved pellet stove/insert.
The use of wood burning stoves and fireplaces on an Air Quality Action Days is prohibited
unless:
o The wood burning stove is the primary source of heat (greater than 50% of annual
heating of a residence).
o The stove is EPA Phase II/ Colorado Phase III certified.
o The stove is an approved pellet stove.
o The area is above 7,000 feet in elevation.
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