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A roadmap for investing in air
quality sensing technologies
to address climate, health,
and air pollution.
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Executive Summary

Air pollution impacts the health of
millions of people and contributes to
climate change. Increasing consumer
and government interest in local air
quality combined with advancements
in technology and reduced cost of
measuring air quality will collectively
lead to increased growth within the
air quality measurement sector. The
results will deliver better offerings for
individual and government customers,
cleaner air, profitable companies, and
positive returns for investors.

Stax Inc. conducted this study for four specific audiences
including investors, for-profit company executives,
government, and nonprofits interested in air quality,
air quality management, pollution management, and
the environment. To be a good investor, you need to
understand the market and its dynamics—including the
demand drivers, customers, value chain, and competition.
Those in government who want to procure the best
resources need to understand the current landscape of
providers. And those in nonprofits want to understand
more about the constraints and key opportunities where
one can focus efforts to unlock the greatest potential.

Initial Hypotheses
Within the air sensor technology sector,
there are opportunities for positive return
on investment for a broad range of investors
(i.e., strategic, private equity/venture capital,
impact-first, government).

Within select segments of the air sensor
technology sector, it is possible to clearly
demonstrate population health and
environmental outcomes for impact-focused
investors and philanthropists.

Understanding the ecosystem of air
quality measurement and documenting
the sector constraints and customer needs will
identify specific investment opportunities and a
useful set of facts and analysis for industry
participants across vantage points.

A portfolio approach that strategically
leverages public, private, and nonprofit
entities will deliver stronger financial,
population health, and environmental outcomes
than any one strategy alone.
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This document has been peer reviewed by all of
the audiences previously mentioned. Feedback
consistently highlighted the benefits of an updated
framing of the issues and growth potential from an
individual and collaborative perspective. Within this
document, sections are written specifically for the
investor, executive, government lead, and nonprofit
and holistically the paper is useful regardless of your
position in the industry.

Finally, nonprofits have a substantive opportunity to
scale impact outcomes by leveraging their existing
work and increasing partnerships with the for-profit
sector. These opportunities are most significant in
consumer education, convening, and orchestrating
pilots that specifically include the for-profit sector as
a customer.

Key Insights

Air pollution is increasing and the costs to society
are substantial. In the U.S. alone, there has been
a notable increase in poor air quality days and
consequent escalation of local healthcare costs to
government, business, and individuals. In many
countries outside the U.S., the scale of pollution
is significantly worse and air quality conditions
continue to deteriorate, causing far greater health
and environmental problems. Many levels of
government and consumers claim significant interest
and that will increase action and investment.

There are unique opportunities for strategic, private
equity, and venture capital investors to invest purely
based on potential financial returns. One can also see
growth in revenue streams, scale, and exit potential.
There are multiple entrepreneurs and company
CEOs who are serious about their product and
service offerings and are delivering value for concrete
gaps and existing needs in the marketplace.
The air quality industry is still small but evolving,
with many of the positives (accessibility to new
investors, growth potential, ease of differentiation
between providers) and challenges (customer
awareness and sophistication, emerging unit
economics) that come naturally at this stage of
an industry’s evolution. The overall ecosystem of
companies requires more capital and expertise, and
companies will grow faster with additional resources.
For impact-oriented investors focused on addressing
air quality, climate change, population health, and
specific diseases (e.g., asthma), there are investment
opportunities with both financial returns and
clearly defined social impact. There is also a case
for leveraging philanthropic capital: foundations
should see opportunity for mission and programrelated investments in for-profit companies as
key participants in driving desired social and
environmental change, and for strategic use of grant
capital to accelerate coordination and collaboration
within the whole sector.
4
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Growth Trajectory

The market has potential for faster growth in the
future as air quality awareness is increasing and the
quantity and quality of available data about local air
quality is also increasing. Apps are drawing data from
an increasing number of sources and even low-cost
sensor providers are inviting their customers to upload
information, forming better networks, and creating
data pools that can draw conclusions about local air
quality with directional accuracy. Monetizing this data
is also creating additional revenue streams for these
app/data providers. This information is displayed in
maps, making it easier for consumers or an individual
whistleblower to highlight a major issue, necessitating
a government response via improved air quality
measurement and pollution management.
As an example, a mother in France using a $200
sensor generated enough data to interest a local
news outlet in gathering more information and
publicizing the pollution from cruise ships and cost to
health.1 This led to immediate change in government
management of the port and ship pollution at the
local level. Similarly, a single air instrument on the

roof of the U.S. embassy in Beijing collected data
on the true levels of pollution in the city that, when
published, resulted in the Chinese government
dramatically expanding its network of hardware
and data systems, among other outcomes.2 For
government to take action it needs a mechanism to
find polluters and demonstrate attribution, and local
governments need more solutions. The technology
to find, measure, and attribute pollution from a
compliance perspective is expanding, creating a
business model for local government to manage or
require independent management and reporting of
pollution levels over self-reported data.
The growth potential for consumers is
straightforward. In the U.S. alone, 25 million
Americans have asthma and 16 million have chronic
obstructive pulmonary disease (COPD), both
conditions that are aggravated by poor air quality.3
Given the personal health risk, cost, and comfort
benefits of minimizing pollution exposure for at-risk
individuals, it is reasonable that a consumer would
consider spending $100–$200 on a device or device
+ app combination that would inform them of where
they should or should not travel on a given day. A
consumer might also check an app made available by
their healthcare provider in the interest of lowering
their patient expense. Personal experience navigating
these challenges has been a factor for early adopters:
for example, the mayor of London credits his efforts
to improve air quality to his marathon training, during
which he needed to seek out medical attention due to
his training route along a high-pollution corridor.

In summary, air quality companies
represent a relatively small but growing
market with some good investment
opportunities. If one has an interest
in improving human health, reducing
environmental pollution, or addressing
climate change, it would be a mistake to
overlook direct investment opportunities
to help drive the sector forward, in
addition to supporting nonprofit and
government-related efforts.

DIVING DEEPER

Commercial
Providers
A solid base of small/
mid-sized companies are
available, and growing,
to help governments and organizations
manage regional air pollution and healthcare
exposure. This is in addition to universities
that have been key partners in some of the
higher-profile city efforts in recent years.
These companies and governments developing
a collective body of use cases will facilitate
additional customer growth both because local
governments can clearly observe what others
are implementing and additional use cases will
help de-risk procurement.
For the purposes of this report, we
documented a comparative set of use cases
to illustrate the opportunities.

DIVING DEEPER

Consumer
Products/Apps
New entrants with lower
unit costs are increasing the awareness and
pushing competition to further reduce costs,
making offerings more accessible.
One company interviewed has seen half their
consumers keep their air sensors connected
for significant time periods for the company
to provide local area maps. With such
information freely available, there is a strong
incentive to check local pollution maps
before going out for a walk, a run, or sending
children out to play, in the same way that
one might check the weather forecast for the
chance of rain.

STAX.COM
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CHAPTER 1

Context and Demand Drivers

Air pollution impacts the health of millions of
people, creates an economic drain on national
economies, and contributes to global climate
change. Remarkably, an estimated 90% of the world
population lives in places that do not meet World
Health Organization (WHO) air quality guidelines.4
According to the American Lung Association, the
number of people exposed to unhealthy air in the U.S.
alone increased to 141 million in 2019 from 134 and
125 million in 2018 and 2017, respectively.5 Numerous
academic studies indicate that air quality pollution
can cause cardiovascular and respiratory diseases, as

Addressing
Climate Change
Attribution is key in facilitating climate
solutions. Governments interested in taking
action on greenhouse gas emissions and other
types of air pollution that will affect climate
change need more effective mechanisms to
unequivocally identify pollution sources and
effectively police them regardless of intent.

6
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well as diabetes. Treatment costs are also mounting:
for example, the cost of treating pulmonary disease
and costs associated with pulmonary deaths in the
U.S. is estimated at $89 billion per year. Improving
this situation will require more localized air quality
measurements to detect pollution sources and
government action to reduce or eliminate them.
Local populations are taking notice, and air quality
is increasingly becoming part of the political
conversation in major cities around the globe. For
example, as part of efforts to combat air pollution in

A lesser known challenge faced by governments
is their lack of insight into relevant technology
and service providers that can help manage
pollution at a local level. Providing roadmaps,
frameworks, and use cases for different
product and service providers will further
markets for technology procurement and allow
local governments to more effectively reduce
pollution sources. This study alone facilitated
ample opportunity to make connections
between governments, NGOs, and private sector
organizations that could help develop and
implement air quality management programs.

TABLE 1: ESTIMATED COSTS OF TREATING PULMONARY DISEASE IN CINCINNATI AND THE U.S. OVERALL.

TREATMENT

HOSPITAL

LABOR

DEATH

CINCINNATI

U.S.

POPULATION 2017

301,301

325,700,000

Total Cases

10K

11M

Estimated Cost

$12M

$13B

Hospitalizations Due to
Pollution (No Death)

500

600K

Estimated Cost

$16M

$18B

Lost Working Days

17K

18M

Estimated Cost

$1.5M

$1.6B

Deaths from Pollution

60

71K

Estimated Cost

$21M

$22B

Estimated Total

$51M

$55B

*See Appendix C for further detail on cost estimates

London, Mayor Sadiq Khan’s “Ultra Low Emission
Zone” policy introduced a charge of £12.50 to prevent
older vehicles from entering the city center in 2019—
an additional fee on top of the already existing £11.50
congestion charge.6 In Toulon, France, one individual
utilizing a low-cost device was able to successfully
pinpoint emissions resulting from a nearby port and
rally the media to help encourage government to act.
Similarly, given the visible pollution from cruise ships
in Juneau, Alaska, the Department of Environmental
Conservation is engaging citizens to install low-cost
air monitors to help measure levels of particulate
matter in their homes.
Other environmental monitoring insights,
images, and weather information will ultimately
be combined with air quality sensor data for a
more comprehensive representation of health and
environmental challenges and an informed response.
7
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Some consumers will observe this and determine
that they need to have the specifics for themselves
in addition to and as a point of comparison to the
broader network. This view fuels more equipment
purchases and creates a virtuous cycle for growth in
the sector by empowering individuals.
In addition, given rising healthcare costs and the
increase in poor air quality days, consumers and
insurers are likely to take increasing notice of air
pollution concerns and begin tracking their local air
quality to help mitigate their health risks by avoiding
or seeking reductions in pollution. To illustrate
some of the costs of treating diseases caused by air
pollution, we estimated these costs for a sample
town in the U.S. (Cincinnati), showing a portion
of the costs associated with pollution on a city, its
individuals, businesses, and healthcare system (Table
1): an estimate of $51 million annually based on a
population of ~300,000.7
STAX.COM
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CHAPTER 2

Investment History, Pipeline,
and Segmentation of Companies
Consistent with Stax’s methodologies when
conducting sector reviews and acquisition screens,
Stax set out to build a substantive fact base. This
included extensive secondary research and analysis
across the sector, reviewing 168 companies globally
in addition to the investment firms and strategic
investors, government programs, and nonprofits
organizations backing these companies. Stax also
interviewed more than 30 industry participants,
including CEOs, government participants, and
nonprofit executives.
To identify investment targets within the sector, the
168 companies were segmented by region, with a
deeper dive into the 85 U.S.-based firms which were
further divided into subcategories. Within these
subcategories, Stax focused on devices, software,
data, and services that could help identify outdoor

pollution sources and technologies to help manage
individual pollution exposure. There are likely
additional opportunities within categories Stax did
not explore, including indoor devices, air filters,
commercial HVAC technologies, and chips that are
subcomponents of larger products. These categories’
ecosystems are different based on their particular
combination of customers, channels, regulation, and
competitive sets.
The last five years of investments in the sector
and investors in the sector highlight a relatively
small market in deal volume and size but one that
is growing at a good pace (Figure 1).8 What is not
included in this chart is SMB, entrepreneur led/
friends and family, self-funded businesses that would
not show up on the traditional deal tracking data
sources. These types of companies are identified in
our detailed landscape.

FIGURE 1: TOTAL DEALS 2014–2020 (FORECAST).
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Of the 172 deals (investment rounds) from 193 investors reported since 2014, most investments have
been led by venture capital and accelerators, highlighting the early stages as a percentage of the market
for deals, and that these deals are accessible to proactive investors (Figure 2).9 The private equity and
corporate deals highlight the potential for exits.

FIGURE 2: BREAKDOWN OF GLOBAL INVESTORS IN AIR QUALITY.
Total = # of firms
Financial

Other

Venture Capital
97

Accelerator
33

Corporate
34

Private Equity
13

Government
13
Philanthropy
2

Investment Bank
1

In order to drill down into market needs and specific companies it helps to understand what specifically
air quality equipment is meant to measure. There are many types of pollutants in the air we breathe
(Figure 3).10 When measuring air quality, the three major pollutants that most government, industry, and
consumers want to measure are: particulate matter, ozone, and volatile organic compounds (VOCs) each
of which has significant impact on our homes, local environment, climate, and associated health risks.

FIGURE 3: TYPES OF MAJOR AIR POLLUTANTS.
Indoor

Outdoor

Climate

 Health
Risks

Ozone (ground level)

★★★
★★

Volatile Organic Compounds (VOCs)

★★★

Particulate Matter

= YES

Carbon Monoxide

★★

Nitrogen Dioxide

★★

★ = LOWER RISK

Sulfur Dioxide

★★

★★★ = HIGHER RISK

Lead

★★

Carbon Dioxide

★

Other: Radon, Asbestos, Mold, Pesticides

★

= NO

*Figure representative of U.S. air pollutants, differences vary across geographies.
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The last five years of deals highlight this reality
of the companies in the sector (Figure 5).12 Again,
these numbers may underrepresent some of
the companies that are founder-owned, largely
capitalized by friends and family, and those
companies that make both sensor components
and serve as systems integrators.
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CHAPTER 3

Customer Needs, Challenges,
and Solutions
For government and
commercial customers,
attribution is a key value
driver

identify the pollution source for a “find it and fix
it” approach. Multiple solutions are available and
emerging to measure pollution and the source with
sufficient means to prove attribution with a high
probability of accuracy.

To improve air quality, one must be able to
identify the type of air pollution and its source.
Determining attribution can be challenging
because air flow fluctuates significantly in
direction and speed, and multiple factors can
affect the measured concentration. For instance,
stagnant air near a small pollution source may
become highly polluted and a small sample of
this air could suggest high pollution where it does
not actually exist. The reverse is also true in that
a strong wind near a high polluter could mask a
significant problem.

Challenges and the
successful evolution of
technology and services
in the sector

Successfully addressing air pollution and
improving air quality requires being able to

Technology and analytical tools are evolving
quickly, yet customers (whether in government
or commercial sectors), are often new to the
technology and infrequent buyers. Despite the best
of intentions and interests, many customers lack
fundamental knowledge of the methodology, timing,
cost, and what can be considered “good enough”
when it comes to air quality measurement. As a
result, customers delay taking action, creating an
opportunity to accelerate growth simply via customer
education. Education is worthwhile particularly for
government customers, when organizations adopt
a technology program for recurring measurement,
the resulting contracts tend to remain stable revenue
streams for companies in the sector.
At the national and regional level, most measurement
systems approved by the U.S. Environmental
Protection Agency (EPA) are physically large (a
large shed—or a little bigger than a tiny house),
expensive ($100,000–$250,000 per unit), and
require additional investment to site and install,
STAX.COM
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potentially doubling the total cost. These devices

•

are built to measure regional air quality and help
measure the improvement of air quality over time
within a specific region and must be maintained
and calibrated by experienced technicians. These
large air sensors do not have the capacity to identify,
confirm, and attribute pollution sources. To move the
market forward and help educate customers, the EPA
is running several programs to develop standards
for lower-cost sensors and disseminate potential
use cases. (Note: a partial listing of these activities is
included in the Appendix.)

Create a portfolio of devices in the field with a
data collection system that can pull information
from multiple devices and aggregate this data to
draw conclusions (i.e., crowdsourcing).

All these options are available and expanding
because of the increased demand and everexpanding number of nodes in the field that can
be tapped by multiple networks or projects. With
the expansion of regional programs also comes
more exposure on potential solutions, whether
through case studies or direct discussions between
practitioners.

To determine attribution for a pollution source it is
necessary to either:
•

Have an accurate device that can be pointed at
and measure an emission source with laser-like
precision (Light Detection and Ranging—LIDAR
and Emissions Detection and Reporting—EDAR).

•

Have an accurate device that is small enough to
move around an area and identify sources of pollution with enough repetition to confirm the source.

•

Have an accurate device as a central testing facility
with an air sample collection routine (e.g., via a
drone) to bring back and test at the main location.

•

Have a large number of devices with a lower
degree of accuracy that can collect data from
numerous points around a source, utilizing more
of a sampling approach to identify a source with
statistical validity.

The business case
for local and regional
government
Local area residents, living or otherwise exposed to
pockets of high pollution, and community groups
now have more access to data highlighting leading
indicators of pollution and they are utilizing this
information to demand action. Resources are also
now more easily available at a lower cost for local
government to implement. Examples of resident
action and advocacy include measuring the air
quality at schools or having children attach air quality
sensors to their backpacks on the way to school.
These examples have been observed across industry
by type of pollution source, including ports, cruises/
tourism, manufacturing, agriculture, oil and gas, and
local transportation, among others.

FIGURE 6: HOW DATA ON AIR QUALITY DRIVES CHANGE.

Awareness
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Broadcasting

Attention

Action

Cities in the news due to air quality concerns
include Los Angeles, Bakersfield, Chicago, London,
Barcelona, Toulouse, Paris, Venice, Beijing, New
Delhi, and Jakarta.

Financial and healthcare
costs are significant
expenses for government
and communities
Here in the U.S., depending on the individual state,
the percentage of working population employed by
local and federal government agencies ranges from
10%–25%; consequently, the costs of healthcare and
lost time at work fall heavily on government.13 Local
businesses, communities, and families suffer from
illnesses, healthcare costs, lost productivity, and

taxes, and even wages in some cases depending on
their employment status.14 As noted in Table 1—the
costs to society are quantifiable and significant.

Technical implementation
and revenue models are
evolving rapidly
There is an evolving set of technological fixes and a
growing ecosystem of product and services vendors
for government to employ. Government with
insufficient technical expertise are either bringing
those capabilities in-house or partnering with local/
regional universities that provide technical resources
or with outside technical firms. Examples include the
partnerships between New York City and Queens
College, and London and Kings College.

TABLE 2: REGIONAL CASE STUDIES.

Hotspot Rapid Response
(Houston, TX)

Cruise Ship Emissions
(Juneau, AK)

Breathe London
(London, U.K.)

Love My Air
(Denver, CO)

Study Planning/
Prep

2 days

4 months (est.)

6 months

1 year

Study Duration

1 week

1 year

1 year

3 years

Costs

Less than $250K

Less than $500K

$1M Substantial in-kind
(another $1M)

$2.5M

Partners

Government/outsourced/
community

Government/outsourced/
community

Outsourced/NGOs/local
university

Totally outsourced

Monitoring
Locations

Mobile

Volunteers’ homes

Schools, streets

Schools

Data Ownership

Open, shared

State of Alaska

Open, shared

Open, shared

Expected Impact

Find and fix,
Health alerts

Quantify impacts,
Assess health effects

City policy and planning,
Find and fix

Health awareness,
Find and fix

METRIC
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At present, there are already clear business models to
ensure compliance on pollution, use of fuel (e.g., for
shipping), and leakage. These business models would
benefit from expansion, but there are good models
in place. As an example, in many states LIDAR is
used for smog compliance and the same mechanism
can be used for compliance and collecting tolls for
shipping, trucking fleets, etc. Similarly, pollution
leakage can be controlled by state and local insurance
mandates and safety regulations which provides for
business-led development of solutions. Companies
with these technical capabilities are ready to meet
the regulatory management needs of city and state
governments in the U.S., and local and national
government internationally, and the business cases
to fund these models have precedence. These sectors
are large and compliance is a significant revenue
driver for government.
Even though every project has its specifics, it is easier
for government to ask for projects similar to prior
ones. Table 2 provides context and clarity as to the
types of programs that can be implemented.

Armed with data,
consumers can be their
own advocates
Consumers would like to know what is “good
enough,” which can be a combination of hardware,
number of data points, and user expertise. The
number of low-cost sensors available (i.e., those
costing <$300) is expanding while overall price
points are decreasing and advertising increases.
At the time of writing, there was no well-known,
independent verification of these products. While
the proliferation of product is expanding sales, lack
of certainty about the quality of the products may be
holding up sales.
Armed with information as to what constitutes
relatively safe air quality, a consumer can decide
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to change their residential/work locations or travel
routes, if feasible. This can be as simple as a jogger
deciding to jog in a park rather than along a street
that parallels a highway that experiences higher
pollution. It can also help an individual with or
without specific health concerns to determine
optimal travel days, or if they should leave an
indoor environment on a given day. This creates
an opportunity for a device that can be used on a
regular basis, particularly by and for the 16 million
Americans that have been diagnosed with COPD
and more than 25 million Americans that suffer
from asthma.15 What consumers need for market
growth is a combination of use cases and a better
understanding of which air sensors are good enough
for their needs. Effectively a “Consumer Reports”
rating of air sensors and these insights should unlock
potential for expansion.
The third type of consumer need is understanding
how to utilize sensors to gather sufficient evidence
on a pollution source and advocate for government
intervention, and when such advocacy is helpful and
appropriate. While nonprofits shy away from small
sample tests in order to avoid false positives, there is
value in nonprofits helping consumers utilize lowercost tools and techniques, to identify potential issues,
and label them with the appropriate accuracy.

CHAPTER 4

Evaluating Investment Opportunities
for Population Health, the
Environment, and Climate
To determine the potential impact of air quality companies on population health and the
environment, existing companies were segmented based on their social and environmental
impact delivery model. Stax reviewed the route to market for each type of company, which
in nonprofit and social impact parlance is similar to their theory of change. Stax evaluated each
type of company based on their ability to deliver social and environmental impact within their
business model, recognizing that a successful route to market ensures business viability first.
When considering the technology, business model, customers served, and end results, two
types of companies emerged that are of particular relevance to impact-minded investors:
companies driving Immediate Change (IC) and Multi-Step Change (MSC).

FIGURE 7: ECOSYSTEM FOR IMMEDIATE CHANGE AND
MULTI-STEP CHANGE.

Categories of
Hardware/Software

Immediate Change
(IC)
Expensive, reliable solutions,
informing key organizations
to expedite change

Drives
Change

Institutions
Affected
Government
(Policy)
Industry
(Action)
Organizations able to
make structural change
Multi-Step
Pressure

Multi-Step Change
(MSC)

Public

Lower cost solutions to inform
the public to drive change

Changes habits and
pressures key organizations

Immediate Change (IC)
companies provide
government and industry
with larger, more
expensive solutions and
deliver highly reliable
results which immediately
benefit local health, the
environment, and climate.
Multi-Step Change (MSC)
companies offer
individuals consumeroriented sensors and data
feed/apps with varied
external data sources
which can instantly
improve personal
health by helping
individuals change
behavior and directly
increase awareness
about pollution and
environmental issues.
STAX.COM

15

Immediate Change (IC): These companies provide
local governments with larger, more expensive
solutions with highly reliable results. Such solutions
utilize a mix of proprietary hardware, data, and/
or analytics to provide sufficient reliability to
expedite government action. These companies help
government and industry drive immediate change,
benefiting local health, the environment, and climate
broadly and should fit within the portfolio guidelines
of impact investors in these sectors.
Multi-Step Change (MSC): Consumer-oriented
sensors and data companies which either are air
sensors or data feeds/apps with varied external
data sources. These sensors are typically low-cost
(<$1,000 and decreasing) and have varying degrees
of accuracy and calibration needs. These companies
and products can instantly improve personal health

by helping individuals change their behavior and
avoid poor air quality areas, and directly increase
awareness about pollution and environmental issues.
With the right guidance, these products can also
be utilized to “whistleblow” and identify areas of
need for greater measurement. This in turn can spur
broader government or industrial efforts to confirm
a pollution source, with ultimate benefit for both
the environment and population health and clear
examples of these results. This category should
therefore fit well for impact investors with interest in
health/healthcare, reducing pollution, and otherwise
improving the environment. It may also be relevant
for investors focused on particularly vulnerable
populations, including children, the elderly, and
lower-income or other marginalized communities.

Product and service improvements can
increase quality to the whole value chain
Measurements provide the foundational
information to either directly pinpoint
pollution problems or utilized with other
models to locate sources of pollution. These
models range from simple tools or very
complex air quality models to help identify
sources of pollution in the absence of
sufficient measurements. Like any predictive
model, accuracy is limited and often make
significant assumptions.
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Improving the accuracy of measurement,
improves data collection and attribution,
which drives change. At this stage in the air
quality sensor market, foundational data
collection improvements will continue to
significantly impact other components of the
value chain.

Segmentation of companies in the sector
It is possible to segment companies in the sector by the types of customers they serve
initially, and then by a cascading set of attributes (Table 3). Note that smaller device and
data companies first need to have many nodes and data sources in the field to aggregate and
before they become valuable to a commercial or government customer. Because of the B2B
versus B2C differences in route to market and the influence each has on changing consumer
behavior versus control of polluters, this also provides a way to consider these investments
by their route to market, for social and environmental impact.

TABLE 3: SEGMENTATION BY TYPES OF COMPANIES, CUSTOMERS, AND POTENTIAL.
Type of
Company

Companies
Driving
Immediate
Change

Offering

Customer /
Business Case

Growth Drivers

Challenges

Reference
Instruments

Government
measurement

It’s a central voter issue

• Lack of customer
incentive

Instruments

Industrials

Total cost to local
government in
healthcare

• Market education,
many customers
don’t know where
to start and what’s
“good enough”

Associations

Large, nonprofits are
interested and seeking
to promote

Big Data

State agencies
Survey as a
Service

Air Sensors

Companies
Apps
Driving MultiStep Change

Data
Feeds

(With lower
costs, the
business
model expands
from states to
municipalities)

EPA regulations,
including 130+ “nonattainment zones” that
require ongoing
measurement and
management.
The global market
has great expansion
potential.

Consumers

Clear, personal health
benefits for many,
including the 25M
Americans with COPD
and 65M with asthma

Consumers/
Media

Low cost for consumers
and community groups
to try

Consumers/
Media

If you have a family
member with health
challenges aggravated
by poor air quality, it is
an easy decision to try

• Risk and costaverse customers
• Slow, complex
sales

Number
of Target
Companies

Technology/
engineering
driven
Self-funded
with some
private equity

~25

• The market is not
yet large enough to
warrant large scale
marketing and
sales efforts

Varying growth
expectations

A combination
of engineering
and venture
backed

• Price point drop
• Ease of use
evolving (UX/UI)

• Education to test
and link data
• Education to use/
whistleblow

A mix of
revenue and
mission-driven
companies
Small,
mid-sized
entrepreneur
started and
backed

• Most providers are
small scale

• Mostly using their
own data— not yet
sharing data across
platforms and/or
competitors

Company
Structures &
Potential

~20

Small, midsized startups
Varying growth
expectations
Select
companies are
mission driven

STAX.COM
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CHAPTER 5

Mapping the Investment Landscape
Based on Investor Interest
The graphics below take the type of company based on Stax’s experience and suggests the
type(s) of investor that should have interest. Caveats that even within traditional categories,
there is a wide range of sub-strategy, risk/reward, holding period, and expected level of
involvement.

TARGET MARKET:

Commercial and Government Entities
Why Invest:

Companies
Driving
Immediate
Change

•

Many of these companies should see financial returns
to investors (small, mid-sized, niche markets such as
engineering and construction or data and compliance
services).

•

Investors who value environment change and a lower risk/
reward model.

•

Most firms could use more board, expert, and advisory
resources, and connections.

Potential Investors:
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•

Strategic investors interested in acquisition, whether from
technology or distribution, e.g., Ametek or Danaher Corp. on
components. Accenture, IBM, Deloitte on data services.

•

Large contracting companies in construction (e.g., Bechtel,
Fluor, Skanska) could be acquirers if they see the market
potential as valuable, and they are unlikely to minority invest.

•

Investors taking a big bet on a particular device or technology.

TARGET MARKET:

B2C and Consumer-Focused
Why Invest:

Companies
Driving
Multi-Step
Change

•

Product or app-based companies with sufficient scale
should have easy exits to media/data/technology
companies or consumer-technology companies.

•

High risk/high reward

•

Opportunities for investment or grant/pilot programs
from healthcare companies and large employers that
own healthcare risk.

Potential Investors:
•

Venture capital, growth equity, social impact capital,
philanthropy

•

Strategic healthcare systems

STAX.COM
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CHAPTER 6

How Nonprofits Can Increase
Impact
There are many nonprofits and government
organizations doing terrific work in the sector,
including developing and delivering on some of the
ideas that follow. Still, there is benefit in explaining
clear, focused opportunities that became obvious
from this investigation, and were pressure tested with
players across the sector (Table 4).

In addition to the above, nonprofits can be an
additional product marketing, industry convening,
and business development partner for all for-profits
in the sector. If the for-profits succeed, nonprofits
should be meeting their goals, whether in terms of
environmental and health outcomes or for population
health alone.

Nonprofits can expand their impact by focusing on
some of the constraints in the ecosystem and the
needs of particular customer segments (government
and consumers) with the greatest potential, by
educating them on the specifics: what technology to
use for what purpose, what is “good enough,” and how
to advocate for action. Nonprofits can also add value
by providing guidelines and case studies for success
and resources that can deliver for each segment.

Finally, nonprofits can help set and promote standards
for quality and data interchange. This will make it
much easier to connect the various devices in the
field, lowering the risk of a customer committing to
a technology that might become obsolete. This will
rapidly and continuously increase the number of
available nodes from which to access data, scaling the
network exponentially, and improving overall accuracy.

TABLE 4: POSSIBLE OFFERINGS/IDEAS WITHIN EACH OF THESE MAJOR CATEGORIES.
OFFERING

BENEFITS

Government and Community Education
Easy to understand
air-sensor reviews

Provide clarity for buyers and funders, on product
effectiveness and reliability levels, and what’s “good enough,”
and a starting point—level set.

Youth education
programs (curriculum,
tools, sensors)

Create environmentally aware youth and parents.

National school air
network

Healthier youth, clean-air shelters, community awareness.

Health messages and
meaning

Both sensor companies and public benefit from improved
health alerts, clear health messages, and knowledge of actions
to address local pollution.

Business plan
competition on the
monetization of data

Bring more creativity about the use and true cost benefit
analysis to accelerate market growth.
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GOV’T

CONSUMER

OFFERING

BENEFITS

GOV’T

CONSUMER

Data Standards and Data Dictionary
Create open data
standards for air
monitoring data

Widespread exchange, increased usage of air-sensor data.

Data aggregation
service to integrate
global air-quality data
(e.g., OpenAQ)

Increase data transparency and accountability with more
open data.

Market Development
Best practices
resources for
government

City, regional, state adopt air monitoring technologies.
Revenue models for compliance to reduce the government
burden.

Quick start guides and
training

Get government quickly utilizing new technologies.

Air sensing boot
camp for media
(whistleblower toolkit)

Compelling stories that identify problems, raise awareness,
result in more find and fix solutions.

Develop pathway for
data (other info) to
affect policy

Clear understanding among all players on how data can drive
change.

Cost/benefit analysis

Providing shared data on the costs in dollars, timing, and
effort, in order to ease the ability for the non-technical to
understand potential to participate.

Pilot projects

Project that show a wider range of how air sensors address
pollution; lower risk for adoption; enhanced ecosystem.

Source identification
tools

New tools to accurately find pollution sources.

Business Support
Business boot camp

Small companies receive the needed sales and marketing
support to boost their sales.

Convening to promote
technology

Meetings and events promote more use of this technology.

Promote export of U.S.
technology

Trade Development Agency and the commercial sector of State
Dept promote U.S. air-monitoring companies overseas.

STAX.COM
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APPENDIX A:

Current EPA Efforts Related
to Market Evolution
The EPA is known globally for having set the standard for air quality measurement and has
been actively participating in this market for decades. There are a few key initiatives which have
been particularly impactful and will continue to play a significant role in helping this market
develop.16
U.S. EPA Air Sensor Activities:
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•

Air Sensor Performance: The EPA has been developing non-regulatory
performance targets, evaluation protocols, and best practices for air
sensors, which helps to set production standards and aid in both
commercial and consumer selection.

•

Sensor Data Interpretation: The EPA has provided meaning and context
for air sensor data and information; efforts include exploring methods to
display real-time air sensor data alongside health messaging to various
stakeholders.

•

Application Development (Non-Technical): Exploring ways air sensors
can and are being utilized for a range of applications including citizen
science, mobile monitoring, source identification, transportation
intervention studies, and more.

•

Education and Guidance Development: The EPA has created methods
that enable stakeholders to better use air sensors, including documents,
software, websites (Air Sensor Toolkit), and training courses.

•

Community Conferences/Meetings: The EPA is bringing together
researchers, government agencies, manufacturers, and NGOs to discuss
the latest findings and new applications and build a broader ecosystem.
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APPENDIX B

Detailed Case Studies
Hotspot Rapid Response: Houston, TX
[City, Emergency response, Source identification]
Houston’s petrochemical plants and refineries released millions of pounds of pollutants
in the days following the journey of Hurricane Harvey through the region. The state
environmental regulator (Texas Commission on Environmental Quality) noted that most
of its air monitors, which had been shut down during the storm, did not detect emissions at
levels that would be harmful to human health.
To rapidly identify and quantify the pollution sources, Entanglement Technologies, Inc.,
with funding from Environmental Defense Fund (EDF) and Air Alliance Houston, deployed
their AROMA (Autonomous Rugged Optical Multigas Analyzer) instrument in a van to
provide mobile, rapid, and definitive analysis of hazardous chemicals to part per trillion
concentrations.

FIGURE B1: THE MANCHESTER NEIGHBORHOOD SAW HIGHEST CONCENTRATIONS OF BENZENE (300PPB).
REPEATED MEASUREMENTS ALLOWED FOR LOCALIZATION OF THE EMISSION SOURCE.

Photo Credit: Environmental Defense Fund and Entanglement Technologies, Inc.
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Working with local governments and rapid responders, Entanglement surveyed the region
in two days to identify hot spots. They provided real-time data to local governments to
issue alerts or evacuate areas as needed to protect the public. In one neighborhood near a
refinery, the AROMA detected high levels of benzene, a known carcinogen. Combined with
weather data, the sources of the leaks were pinpointed inside the refinery and provided
evidence for local officials to take immediate action.
Perhaps more important is the government and industry’s lack of transparency and
timeliness with emission releases and air monitoring data as shown in the timeline below:

FIGURE B2: TIMELINE OF HURRICANE HARVEY’S AIR QUALITY IMPACTS IN THE HOUSTON AREA.
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Cruise Ship Emissions: Juneau, Alaska
[Government, Air sensors, Ship emissions, Public engagement]
Emissions from ships are a major source of air pollution. Even while docked in port, cruise
ships’ engines typically still run and consequently pollute the environment. In Juneau,
Alaska, an air quality survey aims to more conclusively determine the impact of cruise ship
emissions. This is the first study of its kind in Alaska using low-cost air sensors, and the first
comprehensive look at the impact of cruise ship emissions in Juneau. The local government
was incentivized to study the problem due to increasing public complaints about cruise ship
emissions.
The study seeks to assess the frequency, duration, spatial variability and severity of these
impacts, with a focus on emissions with the potential to significantly affect public health
and/or violate air quality standards as outlined in the Clean Air Act. Alaska’s Department
of Environmental Conservation is also engaging citizens to install low-cost air monitors to
measure particulate matter (i.e., PM2.5) in their homes. Other air monitoring data, visibility
images from cameras, and weather information will be combined with air sensor data for a
comprehensive view.
This study is relevant as it signals the growing acceptance of governments using air sensors
to inform policy decisions and further legitimizes this new form of air monitoring.

FIGURE B3: CRUISE SHIPS APPROACHING PORT IN JUNEAU, ALASKA.
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Love My Air: Denver, CO
[City, Schools, Education]
In Denver, 11% of public-school children have asthma and in some schools this percentage
is as high as 29%, leading to increased school absenteeism. Denver’s high levels of air
pollution exacerbate the problem.
The City and County of Denver is installing an air sensor network to create a city-wide, airquality monitoring and evidence-based health intervention program at public schools. Data
will create behavior change and allow for better-informed policy development to improve
health outcomes.
Each participating school will receive an air sensor, air quality dashboard, and education/
mitigation plans (STEM curriculum, anti-idling campaigns, traffic-patterns assessment near
schools, and new driver incentives). The dashboard inside each school will display real-time
data and suggested behavior changes, while the back-end data platform creates insights for
air-quality patterns near each school, leading to policy and institutional changes for the City
and Denver Public Schools.

FIGURE B4: SAMPLE AIR QUALITY DASHBOARD FOR AN INDIVIDUAL SCHOOL IN DENVER.

Photo Credit: City and County of Denver
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Breathe London: London, United Kingdom
[NGO, City, Hotspots]
Air pollution in London contributes to over 3,500 deaths and results in £3.7 billion in health
care costs annually. Although London already has one of the best air quality sensor networks
in the world, it does not cover the entire city, nor is it capable of identifying differences
between individual streets. Understanding the key contributors and exacerbating factors of
poor air quality at a highly localized level remains complex and requires filling in these gaps.
The Environmental Defense Fund (Europe), the Mayor of London, and other partners,
with funding from C40 Cities and the Children’s Investment Fund Foundation (CIFF), are
conducting an ambitious collaborative project called Breathe London, to measure and map
air pollution across London with mobile and fixed sensors. Data from 100 air sensor pods
are combined with mobile air quality data from two Google Street View cars to provide a
high-resolution picture of London’s air quality. This hyperlocal monitoring allows for a better
understanding of how and when London’s air is being polluted, as well as identifying hotspots
and inform data-driven solutions in effort to reduce pollution.
Initial results show that over 40 percent of the Breathe London pods appear to be in danger of
exceeding annual NO2 limits. Further, by building on the existing networks of fixed monitors,
hyperlocal data from the Breathe London network can identify “hotspots” of pollution that had
previously gone undetected. For example, Breathe London measured alarmingly high NO2 levels
near the Holloway Bus Garage, located in a residential area that lacked air quality monitoring.
Anticipated outcomes of the project include: an evaluation of the benefits and impacts of
policy interventions and other short-term measures (e.g., car-free streets), and identification
of hotspots and other emissions sources for targeted policy development.

FIGURE B5: BREATHE LONDON MAP SHOWING REAL-TIME POLLUTION FROM VALUES
FROM AIR SENSORS AND REFERENCE INSTRUMENTS.

Photo Credit: https://www.breathelondon.org/
STAX.COM
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APPENDIX C

Estimated Economic Impact of
Air Pollution in the U.S.
In order to illustrate some of the costs of treating diseases caused by air pollution, Stax estimated
(based on Cincinnati as a sample town in the U.S.) a proportion of the economic costs associated
with air pollution on a city, its healthcare system, and the individuals/businesses residing within.
Additional considerations for costs attributed to pollution not reflected below include: treatment
of other diseases (e.g., cardiovascular diseases and stroke) which have some attribution to air
pollution; the compounding effect of death annually and the resulting welfare costs placed on
the local government/ insurance companies. In the absence of preventive measures which would
require additional spending, experts have suggested the U.S. loses up to ~$450B a year in economic
value due to air pollution.

TABLE C1: ESTIMATED COSTS OF AIR POLLUTION IN THE U.S.
CINCINNATI

U.S.

CITATION

301,301

325,700,000

1

Cases of Bronchitis

2,387

2,580,000

2

Cases of Emphysema

944

1,020,000

2

Cases of Asthma

6,994

7,560,000

2

10,324

11,160,000

Cost of Care for Bronchitis

$1,925,324

$2,081,234,400

3

Cost of Care for Emphysema

$351,374

$379,827,600

3

Cost of Care of Asthma

$9,821,758

$10,617,112,800

3

$12,098,456

$13,078,174,800

Hospitalizations Due to Pollution (No Death)

555

600,000

4

Cost per Hospitalization

30,000

30,000

5

$16,651,575
17,207
$90
$1,548,596.48

$18,000,000,000
18,600,000
$90
$1,674,000,000

6
7

Deaths from Pollution

66

71,000

8

Avg. Statistical Cost per Life, per Year

$313,900

$313,900

9

Total

$20,617,333

$22,286,900,000

Example Direct Total

$50,915,960

$55,039,074,800

POPULATION 2017

TREATMENT

Total Cases

Total Cost
HOSPITAL

LABOR

DEATH
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Total
Lost Working Days
Direct Cost of Lost Working Day
Total
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APPENDIX C CITATIONS
1. U.S. Census Population Estimates.
2. CDC Estimates on current U.S. Cases for common pulmonary diseases x WHO estimates
that 20%–40% of these cases can be attributed to air pollution, depending on the issue
itself:
a. WHO: https://www.who.int/airpollution/ambient/health-impacts/en/
3. Cost of care varies by common pulmonary disease; annual costs are estimated to be:
a. Asthma: $3,266
b. Bronchitis: $1,876
c. Emphysema: $866
i. https://www.aafa.org/cost-of-asthma-on-society/
4. OECD Estimates 4M hospitalizations attributed to pollution globally, the U.S. accounts for
15% of the pollution volume globally according to the International Energy Agency in 2015,
giving the U.S. an estimated of 600,000 hospitalizations.
5. Healthcare.gov estimates the average hospital stay in the U.S. to be three days, with an
average cost of $30,000 per stay.
6. OECD estimates 1.6 missed days of work per pulmonary case, per year, whether from
ambient environment, acute health issues, or trips seeking preventative medical care.
7. Cost of a lost working day is estimated by:
a. (Losing Minimum Wage: $7.25/hr. + Employer Productivity $4/hr.) * 8 Hours per Day *
Number of lost working days
8. Journal of Atmospheric Research reports 71,000 deaths per year in the U.S. attributable to
air pollution.
9. EPA recommends $7.4M be used to assess the cost of a statistical life in the U.S., adjusted in
2019 dollars to $9.4M, amortized over a 30-year period.
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APPENDIX D

Research Methodology
Consistent with Stax’s approaches in ecosystem analyses, market landscapes and
market opportunity assessments, and commercial due diligence, and in partnership
with industry specialist Tim Dye of TD Environmental Services, LLC, the Stax team took
the following approach:
•

Extensive secondary research and analysis across the sector, reviewing 168
companies globally in addition to the investment firms, strategic investors,
government programs, and nonprofits backing those companies.

•

Targeted primary research, interviewing more than 30 industry participants,
including CEOs, government representatives, and nonprofit executives.

•

Of the 168 companies identified, the team took a deeper dive into the 85
companies identified in the U.S. and divided those into sub-categories that
develop and sell:
•

Chips and sensors: Manufacturers of small components utilized in
the assembly of air sensors.

•

Consumer devices for indoor use: Products to measure the quality
of air inside homes.

•

Consumer devices for outdoor use (with relevant apps and data
aggregators): Devices and software used to measure outdoor air
quality and pollution sources.

•

Commercial/industrial devices for indoor use: Devices for
monitoring air quality inside industrial or commercial areas.

•

Government/industrial pollution monitoring: Larger scale
products and companies selling full solutions to the government or
key polluters.

Additional segments were not explored in depth, as they were too far afield from the
project goals or their time-to-market was more prolonged than would make sense for
this study. These segments included: interior, HVAC, technologies in development at
labs, and component level products such as chips.
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APPENDIX E

Company List by Type*
* U.S.-based companies
Hager Environmental &
Hardware/Software
Atmospheric Technologies (HEAT)

ORGANIZATION NAME

TYPE

2B Technologies, Inc.

Hardware

75F

Hardware/Software

Access Sensors

Hardware

Aclima

Hardware/Software

AerNos

Hardware

Aerodyne

Hardware

Aerodyne Microsystems Inc.
d/b/a AirSpeQ

Hardware

Aethlabs

Hardware

Air Quality Egg

Hardware

AirCasting

Hardware

AirSpeQ

Hardware

AirThinx

Hardware

AirU

Hardware

Ajax Analytics

Hardware/Software

Alea Air

Hardware

AlerSense

Hardware

Ambilabs

Hardware/Software

Amphenol Sensors

Hardware

Apis

Hardware

Applied Particle Technology

Hardware/Software

Array of Things

Hardware

AWAIR (Bitfinder, Inc.)

Hardware

BioInspira

Hardware/Software

Reducing Outdoor Contaminants
in Indoor Spaces (ROCIS)

Birdi

Hardware

RTI International - Micro PEM

Hardware

Breezometer

Software

Scanit Technologies

Hardware

Buggy Air

Hardware

Sensata

Hardware

Casella

Hardware

Siemens

Hardware

CDx, Inc.

Hardware

South Coast AQMD - AQ-SPEC

Software

CEA Instruments

Hardware

Spec Sensors

Hardware

ChemiSense

Software

Speck Sensors

Hardware

Clarity Movement Co

Hardware

Swift Sensors

Hardware

Climacell

Hardware/Software

Tracknet Inc.

Hardware

TSI

Hardware

TSI-Plantower

Hardware

Understory

Hardware/Software

Coalition for Clean Air
Degree Controls

Hardware/Software

Dyacon

Hardware

Dylos

Hardware

ecoVent

Hardware/Software

eLichens

Hardware

Enmont

Hardware

Enverid

Hardware/Software

Environmental Defense Fund

Honeywell

Hardware/Software

IBM Green Horizons

Software

ICx Photonics, Inc.

Hardware

IDT

Hardware

IQlair

Software

Lunar Outpost

Hardware

Met One Instruments

Hardware

Minnesota Pollution Control
Agency
N5 Sensors

Hardware

Netgear

Hardware

NevadaNano

Hardware

Nokia (Withings)

Hardware

NTK/NGK

Hardware

OpenAQ

Software

Parc

Hardware

Plume Labs

Hardware

Pocket Labs

Hardware

Potsdam Sensors, LLC

Hardware

Public Lab

Hardware/Software

PurpleAir

Hardware

Qsense

Hardware/Software

Univ. of San Diego–
City Sense and Meta Sense
University of California
(Berkeley)—Beacon Project

Software

Vaporsens

Hardware

Weather Underground (IBM)

Software

Figaro FG

Hardware

West Oakland Environmental
Indicators Project

Foobot

Hardware

Wynd (Air Quality Tracker)

Gasomat

Hardware

Hardware
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APPENDIX F

Bios
Rafi Musher
CEO, Stax Inc.
Rafi Musher is the Founder and CEO of Stax Inc, a global management
consulting firm. Since founding Stax in 1994, and starting the private equity
practice in 1996, Musher has advised C-suite executives, private equity
investors, and privately-run companies on a broad range of issues including
corporate strategy, profit improvement and growth, data and analytics,
commercial due diligence, major investments, and divestitures. Musher
regularly counsels clients across key business sectors including agriculture,
business services, consumer/retail, education, energy/environmental/water,
financial services, healthcare, industrial, and technology.
Musher has launched and helped launch several companies and nonprofits
focused on effecting sustainable, positive, social impact. He works with
foundations and nonprofits on social impact investing to help maximize ROI
on capital deployed for desired outcomes. Musher is engaged in numerous
philanthropic ventures, serving on the board of The Bronx Lab School,
an innovative NYC public high school and he helped found three social
ventures. He is founder and Chairman of itrek, a nonprofit which introduces
tomorrow’s leaders in business, law, and policy to Israel, helping them
experience Israel firsthand through peer-led, week-long treks to Israel.
Musher is a popular speaker and thought leader on private equity,
corporate innovation, venture philanthropy, and utilizing data to improve
for-profits and nonprofits. His work has been published broadly within
industry and general business publications. Musher is a guest lecturer and
panelist discussing these topics, along with how emerging leaders can
simultaneously develop their career and social impact.
Musher holds a B.S. in Communications and Advertising from Boston
University.
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Tim Dye
TD Environmental Services, LLC
www.TDEnviro.com | tim@TDEnviro.com

Tim Dye has over 29 years of experience in air quality monitoring, data
management, and public communication. A visionary and entrepreneur,
he has created air quality and applications, both domestically and
internationally, that monitor and vividly communicate air quality
conditions. A widely recognized leader in air quality sensor technologies for
environmental applications. Tim is respected as an independent voice in the
air sensor community.
Tim works in many areas of air quality: 1) low-cost, air quality sensor
evaluation and deployment, 2) air quality monitoring, 3) data management
and analytics, 4) insights on air sensing, and 5) citizen and community
science applications. Tim offers a unique blend of strong technical skills,
in-depth knowledge, and creativity in developing innovative, long-term
solutions. He is regularly sought out for his wide-ranging and strategic
insights on air quality sensing by foundations, NGOs, government, industry,
and companies throughout the world.
Tim has a M.S. and B.S in Meteorology and is a Certified Consulting
Meteorologist.
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Endnotes
1.

Clearing the air: Aurélie’s story https://blog.plumelabs.com/2019/03/28/clearing-the-air-aurelies-story/

2.

Rooftop sensors on U.S. embassies are warning the world about ‘crazy bad’ air pollution https://www.
sciencemag.org/news/2018/04/rooftop-sensors-us-embassies-are-warning-world-about-crazy-bad-airpollution

3.

CDC - Data and Statistics - Chronic Obstructive Pulmonary Disease (COPD) https://www.cdc.gov/copd/data.
html

4. 9 Out Of 10 People Worldwide Breathe Polluted Air, but More Countries Are Taking Action https://www.who.
int/news-room/detail/02-05-2018-9-out-of-10-people-worldwide-breathe-polluted-air-but-more-countriesare-taking-action
5.

COPD Costs https://www.cdc.gov/copd/infographics/copd-costs.html

6. World’s First 24 Hour Ultra Low Emission Zone Starts in London LDN_gov - https://www.london.gov.uk/pressreleases/mayoral/ulez-launches-in-central-london
7.

Sample Town Costs – Stax Research and Analysis, August 2019, Appendix C

8. Figure 1 – Pitchbook, Stax Research and Analysis, 2019
9. Figure 2 – Pitchbook, Stax Research and Analysis, 2019
10. Figure 3 – Criteria Air Pollutants https://www.epa.gov/criteria-air-pollutants
11. Figure 4 – TD Environmental, Stax Research and Analysis, 2019
12. Figure 5 - Pitchbook, Stax Research and Analysis, 2019
13. Employment By Major Industry Sector https://www.bls.gov/emp/tables/employment-by-major-industry-sector.
htm
14. Here’s how much of each US state’s workforce is employed by the government, Andy Kiersz - https://www.
businessinsider.com/percentage-workforce-employed-by-government-every-us-state-2019-1
15. CDC - Data and Statistics - Chronic Obstructive Pulmonary Disease (COPD) https://www.cdc.gov/copd/data.
html
16. U.S. EPA Air Sensor Activities - https://www.epa.gov/air-sensor-toolbox

34

A Breath Of Fresh Air

Stax Inc. is a global management consulting firm serving
corporate and private equity firms across a broad
range of industries including software and technology,
healthcare, business services, industrial, consumer and
retail, and education. The firm partners with clients to
provide data-driven, actionable insights designed to drive
growth, enhance profits, increase value, and make better
investment decisions. Founded in 1994, Stax has offices
in Boston, Chicago, New York, and Colombo, Sri Lanka.

Visit www.stax.com to learn more and for specific
information on this whitepaper email freshair@stax.com.
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