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(1) BROAD: GLOBAL ENGINEERING (2) DEEP DIVE: AIR QUALITY
What is Global Engineering? What are the public health impacts of air pollution?

How does Global Engineering aspire to function on Who Is most at risk?

the World Stage?
Where Is this an issue?

(3) 10T AS A GLOBAL ENGINEERING TOOL (4) AIR QUALITY SENSOR CASE STUDIES

Why do we use loT as a Global Engineering tool? What does this process look like in partnership with

' ?
What does this look like in our Rapid Prototyping target populations
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What does this process look like in partnership with

. = r)
What contributions have we made so far” Autodesk engineers & designers?



What is the Engineer’s role in International
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Abstract: The Engineer’s role in addressing global poverty challenges has often been confined
to village and community-scale interventions, product design and development, or large-scale
infrastructure design and construction. Yet despite fifty years of these approaches, over half the
world’s population still lives on less than $5.50 a day, the global burden of disease in low-income
countries is overwhelmingly attributable to environmental health contaminants, and climate change is
already negatively affecting people in developing countries. The conventional community, product or
infrastructure focuses of development engineering is insufficient to address these global drivers that
perpetuate poverty. The emerging field of Global Engineering can work to identify and address these
structural issues. Global Engineering should be concerned with the unequal and unjust distribution
of access to basic services such as water, sanitation, energy, food, transportation and shelter, and

place an emphasis on identifying the drivers, determinants and solutions favoring equitable access.

Technology development and validation, data collection and impact evaluation can contribute to
evidence-based influence on policies and practice. Global Engineering envisions a world in which
everyone has safe water, sanitation, energy, food, shelter and infrastructure, and can live in health,
dignity, and prosperity.

Keywords: global engineering; sustainable development; sustainable development goals; poverty
reduction

1. Introduction

Engineers are solutions-oriented people. Engineers enjoy the opportunity to identify a product or
service need, and design technical solutions that can be deployed. Mission accomplished.

This model can be effective in high-income regions, where the engineering profession is
complemented by a strong tax base leveraged to provide essential government services such as
water, sanitation, electricity and roads, an enforced regulatory environment to maintain the quality and
safety of these services, and business and consumer markets that pay for products and services. These
complementary facets of society are often nearly transparent to the engineer, and engineering education
does not typically include crash courses in economics or governance. As a result, engineers are poorly
equipped to address or even recognize structural gaps when they exist in lower-income settings.

2. Global Context

Development optimism is abound. Pointing to the billions of people who have entered the middle
class, the billions provided with vaccinations, and the often impressive accomplishments cited in
the reports on the United Nations Millennium Development Goals and Sustainable Development
Goals, the case is made that economic growth, life expectancy and overall prosperity are the inevitable
outcome of current development policies and practice [1].

However, today over half the world’s population lives on less than $5.50 dollars a day [2].
The burden of disease in low-income countries is overwhelmingly attributable to environmental health

Sustainability 2019, 11, 3789; d0i:10.3390/su11143789 www.mdpi.com/journal/sustainability
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World population living in extreme poverty, 1820-2015 Our World

Extreme poverty is defined as living on less than 1.90 international-$ per day. International-$ are adjusted for price
differences between countries and for price changes over time (inflation).
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Is Poverty Decreasing Globally?
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“...engineering education does not typically
Include crash courses In economics or
governance. As aresult, engineers are poorly
eguipped to address or even recognize
structural gaps when they exist in lower-
Income settings.”

Evan Thomas, Toward a New Field of Global Engineering, Sustainability (2019)
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“...Global Health...[is] better established, in
track record and philosophy, from which we
can learn.”

Evan Thomas, Toward a New Field of Global Engineering, Sustainability (2019)
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"Put simply—no new water filter product, social
business sanitation service, elementary school
rainwater catchment tank, electricity grid, or
lecture to a local government on the importance
of water pump maintenance will make a dent in a
system that precludes countries from developing
robust tax bases that can support governmental
services.”

Evan Thomas, Toward a New Field of Global Engineering, Sustainability (2019)



Global Health

"...Global Engineering
can therefore be the
professional and
academic complement
to Global Health and Economics
Development
Economics.”

Development

Evan Thomas, Toward a New Field of Global

Engineering, Sustainability (2019)
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Air Pollution Public Health Impacts
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Air Pollution Public Health Impacts
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HEALTH IMPACT

Population-weighted concentration Burden on your health

Select Pollutant m
Ambient particulate matter pollution i
+ Age-standardized Deaths/100,000 Attributable to PM5 5 in 2016 ¥
Select Measure - -~
Deaths B -

O Number @ Rate

Age-standardized Deaths/100,000

6 to <30

30 to <60
60 to <100
100 to <130
130 to <208
No Data

Highcharts.com

Health Effects Institute. 2018. State of Global Air 2018. Boston MA.




HEALTH IMPACT

Population-weighted concentration Burden on your health

Select Pollutant
Ambient particulate matter pollution =
Select Measure .
¥
Deaths v
@ Number O Rate
Number of Deaths
0 to <10,000
10,000 to <40,000
W 40,000 to <80,000
B 80,000 to <130,000
I 130,000 to <1,075,000

No Data

MAPS

Number of Deaths Attributable to PM9 5 in 2016

|4=

Number of Deaths in 2016
United States: 93.400

Highcharts com

Health Effects Institute. 2018. State of Global Air 2018. Boston MA.




In the News

The Washington Post

Business

Air pollution is getting worse, and data show more people

ar 1 ()’
are dying
Eroding air quality was linked to 10,000 additional U.S. deaths over a two-year period

The map of American air pollution
Daily average small particulate matter (PM2.5) concentration in 2014
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By Christopher Ingraham

Oct. 23, 2019 3t 5:00 a.m. MDT

Air pollution worsened in the United States in 2017 and 2018, new data shows, a reversal after years of
sustained improvement with significant implications for public health.

In 2018 alone, eroding air quality was linked to nearly 10,000 additional deaths in the U.S. relative to
the 2016 benchmark, the year in which small-particle pollution reached a two-decade low, according to
researchers at Carnegie Mellon University.

The study focuses on fine-particle air pollution, known as PMa2.5, which is of particular concern to
regulators and public health experts because its microscopic size means it can be inhaled and absorbed
into the bloodstream. Its ill effects are only now starting to be fully understood — the Environmental
Protection Agency didn’t even have a regulatory standard for it until 1997.

Fine particles can damage a person’s respiratory system, accumulate in the brain and send people to the
emergency room. The elderly appear to be especially susceptible to PM2.5, which has been linked to
dementia and cognitive decline. And the data shows that many of the pollutant’s effects occur at levels
well below current regulatory thresholds.

Air pollution is back on the rise

National average small particulate matter (PM2.5) concentration,

2000to0 2018 g
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Capital punishment: Noxious smog engulfs Delhi,
PM2.5 level 16 times safe limit

According to Central Pollution Control Board (CPCB)’s 4pm bulletin, average air quality index (AQI) for the preceding 24 hours
sharply rose from 399 to 494, worst level recorded since November 6, 2016.

Updated: Nov 04, 2019 06:36 IST

@ Joydeep Thakur and Soumya Pillai
Hindustan Times, New Delhi
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A view of Red Fort shrouded in smog in Old Delhi.(Sonu Mehta/HT PHOTO)
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Air Pollution Is Linked to
Miscarriages in China, Study Finds

A new study published on Monday adds to growing evidence
of the negative health effects of air pollution on pregnant
women and their fetuses.

@ By Amy Qin
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Chinese women wearing masks to protect against pollution in Beijing in 2015. The government has made
inroads against China’s pollution problem. Kevin Frayer/Getty Images
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Monitoring

Figure 1: Map Showing Counties with at Least One Monitor
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O&M Optimization

 Is your infrastructure broken?

* How much should O&M be
prioritized?
* Are you optimizing your

Intervention?

Service Delivery

* What's the health of your network?
« What do usage patterns look like?

* Are you optimizing your services?
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Delea, M., Nagel, C., Thomas E., Halder, A., Amin, N., Shoab, A., Freeman, M., Unicomb,
L., Clasen, T., “Comparison of respondent-reported and sensor-recorded latrine
utilization measures in rural Bangladesh: a cross-sectional study,” Transactions of The
Royal Society of Tropical Medicine and Hygiene, 2017.

Impact Evaluation

* \Was the intervention effective?
* Did people adopt new technology?

* How long does your intervention have the
desired impact?

* Does your model fit actual data?



Ending Drought Emergencies

O&M PROJECT

Monitoring water supplies in drought-prone regions from

East Africa to California

Partners: Govt. & Water Bureaus, Utilities, others

Funding: USAID, MWA, others

CellPump Trial

RESEACH PROJECT

Compared water infrastructure uptime between different models

to assess GSM sensors as O&M tools

Partner: Living Water International Rwanda

Funding: DFID




Evan A. Thomas Editor

Broken

DIRECTIONS IN DEVELOPMENT

Pumps and
Promises

Incentivizing Impact in Environmental
Health

Innovations in WASH
Impact Measures

Evan Thomas, Luis Alberto Andrés, Christian Borja-Vega,
and German Sturzenegger, Editors

@ WORLD BANK GROUP " IDB

Dwval cperant Bank

@ Springer

Slerra LeOne DWM Distributed Water Management PUbllcathnS

SERVICE DELIVERY PROJECT SYNTHESIS PROJECTS

Drinking water tank & reservoir measurements to inform Among other topics, these books address the importance of
the local utility, PPP operations good data collection and monitoring practices to improve the
Partners: Guma Valley Water Authority, Water4 impact of international development projects

Funding: MCC
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Rapid Prototyping Technologies
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Rwanda Feedback System California/Colorado CEAQL

Developed as ancillary HAPIN (Household Air Pollution “Collaboratively Engineered Air Quality Lamp”

Intervention Network) Study

Developed in collaboration with Pier 9 team:
Human-centered co-design process with Rwandan

colleagues and focus groups Jonathan Odom — Fusion 360 Community Manager

Arthur Harsuvanakit — Senior Designer at Pier 9
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Ubutumwa bugaragarira mu mabara

September 18, 2017
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September 18, 2017




Collaboration

Friends, 21

urinda ubuzima

Saptacmer 18, 007

Umwuka muri
guhumeka ni
mwiza, murakoze
gutekesha gaze

Ibimenyetso bishushanyije

September 18, 2017

Ubutumwa (Mesaje) kuri telefone
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Collaboration

SONE HAMWE N’IGISHUSHANYO

Iyo nta myotsi ihari,
igishushanyo kirasa ibara
ry’'umutuku

Iyo hari imyotsi mike,
igishushanyo gihinduka ikijuju

4 | 5

Feedback Controls
Rwanda Group Session, 9.20.17

Iyo hari imyotsi myinsh,
igishushanyo kirahinduka kijuju,
hanyuma na sone ikavuga
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All dimensions in mm

Dimensions are not final, and
should be adjusted to the size of
locally-available timber

MATERIAL: Timber,
fastened with wood
SCrews
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risk factor: exposure of
24 hours or less per year.
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The Factory

Get hands-on experience taking a product from initial
shed design to final assembly. Learnhowto

concept to fini
connect your entire product development process using 4 \a
O on a2n and Autnrdask EAGLE software. Then i
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product development process and how you bring an idea from concept all the way through to final product.

Product is based off of SweetSense Design and prototyping phase for both Production level machining and Final assembly illustrated and the fit
igned in Autodesk EAGLE and the mechanical and electrical fabrication for each of the parts in final tested in Fusion 360, ph ally

components product

Click here for full documentation >

e N T Y
Open in Fusion 360
See how Fusion 360 was used to design each of the parts

within the air quality sensor. Open in product to make an

iteration of your own!

Open in Autodesk EAGLE e

L) - — L — D
See how Autodesk EAGLE was used for schematic design and PCE ' S
board rated with Fusion 360 for fit test. Add to S ——
t ¥n innovation! > A
Don't have Autodesk EAGLE? Click to download a free version. =

B Ly e —
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Air Quality Poster Air Quality La

» Co-designed with Potential Users » Co-designed with Autodesk Designers
 Provides real-time environmental health data  Provides real-time environmental health data

* Provides time-series data for research * Provides open-source platform for mods




Learning ODbjectives

(1) BROAD: GLOBAL ENGINEERING (2) DEEP DIVE: AIR QUALITY

What global challenges are being tackled by Global What are the public health impacts of air pollution?
Engineering?
Who Is most at risk?

How does Global Engineering aspire to function on
the World Stage? Where is this an issue?

(3) 10T AS A GLOBAL ENGINEERING TOOL (4) AIR QUALITY SENSOR CASE STUDIES

Why do we use loT as a Global Engineering tool? What does this process look like in partnership with low-

| .
What does this look like in our Rapid Prototyping ncome countries:

Space?

What does this process look like in partnership with

. . r)
What contributions have we made so far” Autodesk engineers & designers?



Curriculum

Air Quality Sensor Enclosures designed by CU Boulder GE students
Used for air quality measurement lab



@]‘ University of Colorado Boulder

Mortenson Center in Global Engineering

. 38 AboutUs Research Education Resources ContactUs Mortenson Center Affiliate Program

Mortenson Center
in Global Engineering

The Mortenson Center in Global Engineering combines education, research, and partnerships to positively impact
vulnerable people and their environment by improving development tools and practice. Our vision is a world where
everyone has safe water, sanitation, energy, food, shelter, and infrastructure.

/0 graduate students in 30 countries
» EDE program monitoring critical water supplies for 2.5m

 Faculty from Engineering, DevEcon, Public Health




What is the Engineer’s role in International
Development Projects?
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