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Air pollution — At a glance

What is air pollution?

Air pollution is a general term for a variety of substances and gases in our air that pose risks to
our health. Given that we breathe approximately 13,000-15,000 litres of air per day, large doses
of these substances can have a serious effect on our health and even cause premature death.
The major types of Pollution include particulates, ozone, nitrogen oxides, sulphur oxides, and
carbon monoxide. ©°

According to a recent study by JPMorgan, environmental regulation will play an increasingly larger role
in business in the coming years. Environmental issues are moving up the global agenda and will
inevitably make a difference to the profitability of companies. Long-term investors should be aware of
the im[gPense risks and opportunities that environmental regulation may bring in the near future, in our
view.

Gases such as carbon dioxide, methane, and fluorocarbons are believed to contribute to global
warming, and these gases, or excess amounts of some of emitted from fossil fuel burning, have
recently been identified by the United States and many other countries, as pollutants. ['"?

Common air pollutants

Air pollutants come from a variety of sources, with different sources responsible for different pollutants.
Data also varies considerably between geographic locations and the economy. The charts below are
an estimate of the main origins of certain kinds of pollution in Europe.

Figures 171 4: Estimated contribution to air pollutants by industry (Europe, 1994); Source: European
Environment Agency, JPMorgan
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The science of air pollution is complex and evolving. Listed below are common air pollutants of which
some affect only small regional areas, while others can travel the globe.

Smog and particulate matter

Smog, a general type of air pollution, is formed when sunlight I o
. [ . . Hold your breath

changes gases in the air into ozone. It is the yellowish fog that bart

. .. . articulate matter
sometimes envelops urban centres. Two main ingredients of smog Micragrammes per cubic metre, 2002
are ground-level ozone and particles less than 10 microns wide
(particulate matter). Ground-level ozone, a mix of volatile organic
compounds and nitrogen oxides, causes serious health problems, Caire
such as respiratory problems, premature death and increased risk Caloutta
of cardiac problems in children and the elderly. Particulates are Beiiing
airborne particles that can cause decreased visibility, as well as Mexico City
aggravate asthma and other respiratory illnesses. These particles Tokyo
are very small, and often travel thousands of kilometres from their Los Angeles

o 50 100 150 200
Delhi

source. London
Meswr York
Figure 17 Particulate matter measured in microgrammes per cubic Fouree: Warld Bank

metre (Source: The Economist)

Acid rain

This includes snow, rain, hail or even fog that has become highly acidic from sulphuric and nitric acid.
Sulphur dioxide is primarily produced by industrial processes such as coal-fired power generation.
Gasoline also contains extremely high levels of sulphur. In the Atlantic region, acidification of
spawning waters has caused a loss to the salmon fishery of 9,000 to 14,000 fish per year.

Hazardous air pollutants

Hazardous air pollutants are a broad category of pollutants that include arsenic, mercury and
persistent organic pollutants such as PCBs' and DDT?. Some of the health risks associated with
hazardous air pollutants are cancer and growth retardation. Scientific research suggests that
persistent organic pollutants may mimic human hormones, interfering with reproduction and other
developmental processes.

Stratosphere ozone depletion

The thinning of the ozone layer, which acts as a sunscreen for the earth, is caused by ozone-depleting
substances, such as chlorofluorocarbons, which cause more than 80% of ozone depletion. One type
of ultraviolet radiation, UV-B® mutates genetic material, which can lead to increased skin cancer,
reduction in crop yields and cause eye damage.

Common sources of air pollution

Anthropogenic sources (human activity) related to burning different kinds of
fuel

e "Stationary Sources" as smoke stacks of power plants (combustion of fossil fuels),
manufacturing facilities, and municipal waste incinerators.

"Mobile Sources" like motor vehicles, aircrafts, etc.

Controlled burn practices used in agriculture and forestry management.

Motor vehicles generating air pollution emissions.

Marine vessels, such as container ships or cruise ships, and related port air pollution.

' Polychlorinated biphenyl, a synthetic, organic chemical once widely used in electrical equipment and other industrial products.
2 Dichlorodiphenyltrichloroethane, a potent insecticide used for the prevention of malaria, banned since 1970s.
% UV-B, ultraviolet radiation invisible to the human eye which is higher in energy than visible light.
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e Burning wood, fireplaces, stoves, furnaces and incinerators.

Other anthropogenic sources

Oil refining, power plant operation and industrial activity in general.

Chemicals, dust and crop waste burning in farming.

Fumes from paint, hair spray, varnish, aerosol sprays and other solvents.
Waste deposition in landfills, which generate methane.

Military uses, such as nuclear weapons, toxic gases, germ warfare and rocketry.

Natural sources

Dust from natural sources, usually large areas of land with little or no vegetation.
Methane, emitted by the digestion of food by animals, for example cattle.

Radon gas from radioactive decay within the Earth's crust.

Smoke and carbon monoxide from wildfires.

Volcanic activity, which produce sulphur, chlorine, and ash particulates.

Economic costs from air pollution are high

The poor quality of air has economic repercussions. Since different countries have different standards
for measuring air quality, it is difficult to estimate the economic impact in a like-for-like manner.

There are three major economic costs that can be linked to poor air quality:

1. Health costs linked to health problems and premature deaths;
2. Environmental costs linked to cleaning the surroundings and maintaining ecosystems; and
3. Lost growth as human capital is driven away and investment curtailed.

Health costs: Thousands of deaths and billions of dollars

Economic loss is most visible through illness and health problems related to air pollution. Particulate
matter is most commonly blamed for the health impact because it is more easily observed and
measured than the effects of SO,, NO, or ozone. There have been extensive studies relating to
countries and cities in the North American and European continents, but few detailed studies
concerning Asian countries, mainly due to the availability of reliable data and also due to the diversity
seen within Asia.

Environmental impact is large but difficult to quantify

The effects of air pollution on the environment are not as well researched as its effects on human
health. However, the short- and long-term damages caused could have a significant impact on the
quality of human life in the future. Extensive studies about the economic costs of air pollution on the
environment and the benefits of reduction are not readily available, although qualitative effects have
been well documented.

Social impact and decline in human capital

There have not been as many detailed studies on the social implications of air pollution as most
studies tend to focus on its effect on human health and the economic costs associated with that.

Source: JPMorgan Asia Pacific Equity Research, i Ai r Pol |l uti on: Business Risk

Clean Air — At a glance

What is Clean Air?

Clean air is defined as air that does not contain air pollution. There are many air pollution control
technologies and urban planning strategies available to reduce air pollution; however, worldwide costs
of addressing the issue are high.

or

Co my
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According to JPMorgan, governments are under pressure to look after their countries for future
generations. They are likely to introduce legislation that will limit the environmental damage caused by
industry, including greenhouse gas emissions, air pollution, water pollution, and the usage of finite
resources. When legislation is introduced, businesses will have to meet more stringent standards. !

Legislation towards cleaner skies

A Clean Air Act describes a piece of legislation relating to the reduction of .
smog and air pollution. Government intervention to enforce clean air
standards has led to an improvement in human health and longer life spans.
Critics argue it has also lowered corporate profits and contributed to
outsourcing, while defenders counter that improved environmental air
quality has generated more jobs than it has eliminated. ™!

Efforts to reduce pollution from fmobile sourceso(e.g. motor vehicles or aircrafts) include:

e Primary regulation (many developing countries have permissive regulations),

e Expanding regulation to new sources (such as cruise and transport ships, farm equipment,
and small gas-powered equipment such as lawn trimmers, chainsaws, and snowmobiles),

¢ Increased fuel efficiency (such as through the use of hybrid vehicles),

e Conversion to cleaner fuels (such as bioethanol, biodiesel), and

e Conversion to electric vehicles with renewable energy sources (batteries or fuel cells).

Air quality standards

The legal and policy framework that governs air quality issues is almost as complex as the science of
air pollution itself. In general, there are two types of air quality standards:

1. The first class of standards (such as

the U.S. National Ambient Air Quality World man-made CO, in 2002, % of total

Standards ) set maximum 20 o

atmospheric  concentrations  for © 5%

specific pollutants. Environmental B Aviation

agencies enact regulations, which are 18% m Energy

intended to result in attainment of these 18% Industry

target levels. 8% W Other sectors
2. The second class (such as the North M Other transport

American Air Quality Index ) take the Public electricity/heat

form of a scale with various Residential

thresholds, which is used to 35% 4% R

b oad transport

communicate to the public the relative
risk of outdoor activity. The scale may or
may not distinguish between different
pollutants.

Figure 21 World man-made CO, in 2002, expressed as % of total (Source: IEA)

Enforced air quality standards, like the Clean Air Act in the United States, have reduced the presence
of some pollutants. Many countries have programs to or are debating how to reduce dependence on
fossil fuels for energy production and shift toward renewable energy technologies or nuclear power
plants.

Indoor air quality (IAQ)

As much as 90% of newly built offices include air conditioning systems, which are known to
contribute to sources of diseases, including, for example, legionnaires. Recent outbreaks
demonstrate the need for improved decontamination systems. Asian countries are aggressively
pursuing indoor air quality standards within public buildings. Europe is likely to follow suit, but current
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technologies cannot destroy airborne chemicals, like volatile organic compounds and other
communicable bacteria and pathogens, in a cost effective manner.

The Indoor Air Quality (IAQ) market is expected to rise by 11% per annum to $9.4 billion by 2008 in

the US alone. Current technology cannot meet the required level of purification to eliminate health
issues resulting from IAQ standards. '

Overview of Clean Air markets and technologies

Air conditioning and indoor air quality

The term &ir conditioningbmost commonly refers to the cooling and dehumidification of indoor air for
thermal comfort. In a broader sense, the term can refer to any form of cooling, heating, ventilation or
disinfection that modifies the condition of air. An air conditioner is an appliance, system, or mechanism
designed to extract heat from an area using a refrigeration cycle, most commonly for comfort cooling
in buildings and transportation vehicles.

Air measurement and assessment systems

Emission monitoring & chemical sensing

Both environmental and security concerns are driving the need to sample the air around us in order to
detect and deal with pollutants, bio-hazards and other concerns. The US market for chemical sensing
expected to be $4.9 billion by 2009. Growth in the environmental sector is supported by trends in
regulatory standards regarding building air quality. fo]

Vehicle emissions inspection & maintenance

Motor vehicles contribute significantly to overall levels of air pollution. High traffic
areas bear a heavier burden of these emissions, so it's not surprising that
metropolitan areas often struggle to meet air quality health standards and need to
adopt programs to control vehicle missions.

Air pollution control devices

The following items are commonly used as pollution control devices by industry or transportation
devices. They can either destroy contaminants or remove them from an exhaust stream before it is
emitted into the atmosphere.

Common pollution control devices

e Particulate control: Mechanical collectors, Electrostatic precipitators, Fabric filters, Particulate
scrubbers;

e NO, control: Low NO, burners, Selective catalytic reduction, Selective non-catalytic reduction,
NO, scrubbers, Exhaust gas recirculation, Catalytic converter;

e VOC abatement: Adsorption systems, such as activated carbon, Flares, Thermal oxidizers,
Catalytic oxidizers, Bio-filters, Absorption (scrubbing), Cryogenic condensers;

e Acid gas/SO, control: Wet scrubbers, Dry scrubbers, Flue gas desulfurization;

e Mercury control: Sorbent Injection Technology, Electro-Catalytic Oxidation, K-Fuel; and

e Dioxin and furan control.

Carbon capture and storage (CCS)

Carbon capture and storage (sometimes referred to as &arbon capture and sequestrationd is an
approach to mitigating climate change by capturing carbon dioxide (CO,) from large point sources
such as power plants and subsequently storing it away safely instead of releasing it into the
atmosphere.

For more detailed information on CCS, you may consult the research report published in January 2007
by Mor a As s dCarboa taptige ahd stbrage fechniqueso .
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Desulphurisation filters

Flue gas desulfurization is the current state-of-the art technology used for removing
sulphur dioxide (SO,) from the exhaust flue gases in power plants that burn coal or oil
to produce steam for the steam turbines that drive their electricity generators. Sulphur
dioxide is responsible for acid rain formation.

As a result of stringent environmental protection regulations regarding SO, emissions
that have been enacted in a great many countries, SO, is now being removed from flue
gases by a variety of methods:

e Wet scrubbing using a slurry of sorbent, usually limestone or lime, to scrub the gases.
e Spray-dry scrubbing using similar sorbent slurries.
e Dry sorbent injection systems.

Clean coal technology (partially)

Today coal accounts for 40% of global electricity supply and the proportion is set to remain steady,
even as global generating capacity rises. ' But at the same time, coal-fired power plants are big
contributors of greenhouse gas emissions.

World Electricity Generation by Energy Sources
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Gas-based electricity production will triple, but coal will remain the dominant fuel worldwide.

Sourca: [EA, World Energy Outlook 2004.

Clean coal is the name attributed to coal chemically washed of minerals and impurities, sometimes
gasified, burned and the resulting flue gases treated with steam, with the purpose of almost completely
eradicating sulphur dioxide, and re-burned so as to make the carbon dioxide in the flue gas
economically recoverable.

Let us mention that the coal industry generally uses the term "clean coal" to describe technologies
designed to enhance both the efficiency and the environmental acceptability of coal extraction,
preparation and use, with no specific quantitative limits on any emissions, particularly carbon dioxide.
So, it ca{t&not be called clean from an environmental point of view, because it is emitting carbon
dioxide.
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Nano-technology and air filtering (experimental)

Though experimental at this stage nano-technology could play an important role in air filtration
systems in the foreseeable future. Already today companies are developing innovative nanostructures
that could allow for a highly sophisticated balance between particle retention and air permeability.

Laser-based air purification (experimental)

Nviro Cleantech is currently developing a laser-based air purification device that will offer an improved
quality of air decontamination, allowing inactivation and removal of spores and dust particles that
cannot be removed by existing technologies.

Air extraction (experimental)

Unlike other techniques, such as CCS from power plants, air extraction (though experimental at this
stage) would allow reductions to take place irrespective of where carbon emissions occur, enabling
active management of global atmospheric carbon dioxide levels. This could present a solution to three
problems that until now have posed intractable obstacles for advocates of greenhouse gas reduction:

e How to deal with the millions of vehicles that together represent over 20% of global CO,
emissions,

¢ How to manage the emissions from existing infrastructure, and

¢ How to connect the sources of carbon to the sites of carbon disposal.

Global Research Technologies and Columbia University have achieved successful demonstration of
this new technology to capture carbon from the air. A prototype developed by Global Research
Technologies acts like a giant sponge that soaks up CO..

More detailed information on this technology can be found here:
e Columbia University, www.earthinstitute.columbia.edu/news/2007/story04-24-07.php
e Global Research Technologies, www.grestech.com

Emissions trading

Cap and trade

Emissions trading (or cap and trade) is an administrative approach used to control pollution by
providing economic incentives for achieving reductions in the emissions of pollutants. The
development of a carbon project that provides a reduction in greenhouse gas emissions is a way by
which participating entities may generate tradable carbon credits. The overall goal of an emissions
trading plan is to reduce emissions of the greenhouse gases that cause climate change. 3

Carbon emissions trading

Carbon emissions trading is understood as emissions trading specifically for carbon r
dioxide (calculated in tonnes of carbon dioxide equivalent) and currently makes up the ’

bulk of emissions trading. It is one of the ways countries can meet their obligations under ;
the Kyoto Protocol to reduce carbon emissions and thereby mitigate global warming.
CO,, trading has been steadily increasing in recent years.

According to the World Bank's Carbon Finance Unit, 374 million metric tonnes of carbon dioxide
equivalent (tCO.e) were exchanged in 2005, a 240% increase relative to 2004 (110 mtCO.e) which
was itself a 41% increase relative to 2003 (78 mtCOe).

List of major players in the industry

Traditional air companies: Supplier of industrial gases

e France, Air Liquide, www.airliquide.fr
e Germany, Linde Air, www.linde.com
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e Germany, Messer Group, www.messergroup.com
¢ United States, Air Products, www.airproducts.com
e United States, Praxair, www.praxair.com

Clean air companies

France, Alstom Power Environmental Systems, www.environment.power.alstom.com
Germany, Argillon GmbH, www.argillon.com

United Kingdom, Nviro Cleantech, www.nvirocleantech.com

United States, BASF Catalysts, www.basf.com i subsidiary of BASF AG

Emission trading platforms

e Australian Climate Exchange, www.climateexchange.com.au
e Chicago Climate Exchange, www.chicagoclimatex.com
e European Climate Exchange, www.europeanclimateexchange.com

List of mature companies can be found on The Institute of Clean Air Companies( | CAC) 6 s websit e:
www.icac.com/i4a/pages/index.cfm?pageid=3444#Members.
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