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Abstract—The health hazard of air pollution in developing
countries poses a significant threat of cardiovascular, respiratory,
and other diseases. Ulaanbaatar, Mongolia is among cities with
the worst polluted air in the world due to the use of coal as the
primary heating source in the traditional Mongolian gers where
most of the local population resides. Humanitarian groups are
looking for ways to improve air quality, but are unable to measure
the effects of their solutions. We build a low-cost air quality
sensor that can upload data in real-time in remote locations. This
newly developed sensor allows for real-time air quality monitoring
and tracking that was not possible before in such locations. We
present the implementation and deployment of this system and
share experiences and lessons learned from deploying the sensors
in such a unique location.

Index Terms—wireless sensor networks, remote sensing, system
applications and experience

I. INTRODUCTION

Poor air quality is a problem that knows no boundaries. It
affects populations all over the world [1] [2]. Epidemiological
studies show that ambient air pollutants like PM, O3, SO,, and
NO; are contributors to several respiratory problems including:
bronchitis, emphysema and asthma [3]. One area of the world
that is hit particularly hard by poor air quality is Mongolia.

Traditionally Mongolian families that live in gers (Figure 1)
use coal to both cook meals, as well as heat up the gers
during the winter months where temperature can drop as low
as —40° C. The burning of coal inside the ger causes hazardous
amounts of particles that are harmful to the residents of the
ger. In the winter months, 80% of Ulaanbaatar’s air pollution
is caused by households burning raw coal in stoves in ger
districts. Mongolia has a population of 3 million people, and in
2016 an estimated 1800 people died from diseases attributable
to household air pollution, and more than 1500 people died
from diseases due to outdoor air pollution [4].

Organizations such as Deseret International Charities and
the Gerhub [5] are looking for ways of improving the ger
structure to be more energy-efficient, thus requiring less coal
(or no coal) to be burned and improving air quality. Such ideas
include building new structures instead of using traditional
gers or retrofitting current gers [6]. By making the ger more

Fig. 1. A Mongolian ger where we deployed air quality sensors.

energy efficient, an electric heater can be used instead of a
coal stove. Though these solutions seemingly provide a great
benefit to the people living in the gers and the community
as a whole, no indoor air quality data has been collected in
Mongolia to measure the effects of these modifications to gers
and quantify the benefits.

Many commercial air quality sensors exist [7]; however,
deploying air quality sensors in this context requires special
considerations. First, the cost of the device needs to be as low
as possible. Since these projects are typically humanitarian-
based, there is not much money to spend on instrumentation.
Second, it is vital to be able to monitor the data in real-time.
Real-time data allows maintainers to know when the sensors
are unplugged or malfunctioning and fix the problem. Without
real-time data capability, data collection becomes challenging
(you must send someone to every sensor to download the
data off of the device), and we would not know of any
problems with the sensors until after all the data is collected.
Third, most commercial sensors that are real-time use WiFi to
upload the data. In the ger districts of Mongolia, there is no






