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Learning Objectives

(1) BROAD: GLOBAL ENGINEERING

What is Global Engineering?

How does Global Engineering aspire to function on 

the World Stage?

(3) IOT AS A GLOBAL ENGINEERING TOOL

Why do we use IoT as a Global Engineering tool?

What does this look like in our Rapid Prototyping 

Space?

What contributions have we made so far?

(2) DEEP DIVE: AIR  QUALITY 

What are the public health impacts of air pollution?

Who is most at risk?

Where is this an issue?

(4) AIR QUALITY SENSOR CASE STUDIES

What does this process look like in partnership with 

target populations?

What does this process look like in partnership with 

Autodesk engineers & designers?



What is the Engineer’s role in International 

Development Projects?



What is the Engineer’s role in International 

Development Projects?



ENGINEERING Engineering and economic growth: a global view (2016), Royal Society of Engineering



ECONOMICS Economics of Development, 7th Ed. (2013), Perkins et. Al



Source: Max Roser, ourworldindata.org

Is Poverty Decreasing Globally?



Source: Max Roser, ourworldindata.org

Is Poverty Decreasing Globally?



Source: Jason Hickel, jasonhickel.org

Is Poverty Decreasing Globally?



Measurement

Monitoring & Evaluation

Economics

Politics

Development

Economics



“…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.”

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



HEALTH Economics of Development, 7th Ed. (2013), Perkins et. Al

Denmark

Sierra Leone



Source: WHO 2018, WHO 2019
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How Many 

People Lack 

Access to Clean 

Drinking Water?

How Many 

People Lack 

Access to Safe 

Sanitation?

How Many 
People Breath 

Polluted Air 
Daily?
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Climate
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Global

Health



“…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)



ENGINEERING Engineering and economic growth: a global view (2016), Royal Society of Engineering







Systems/Structures

Impact Evaluation

Data Collection

Technology

Global

Engineering



“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 Engineering

Development 
Economics

Global Health“…Global Engineering

can therefore be the 

professional and 

academic complement 

to Global Health and 

Development 

Economics.”

Evan Thomas, Toward a New Field of Global 

Engineering, Sustainability (2019)



Learning Objectives

(1) BROAD: GLOBAL ENGINEERING

What global challenges are being tackled by Global 

Engineering?

How does Global Engineering aspire to function on 

the World Stage?

(3) IOT AS A GLOBAL ENGINEERING TOOL

Why do we use IoT as a Global Engineering tool?

What does this look like in our Rapid Prototyping 

Space?

What contributions have we made so far?

(2) DEEP DIVE: AIR  QUALITY 

What are the public health impacts of air pollution?

Who is most at risk?

Where is this an issue?

(4) AIR QUALITY SENSOR CASE STUDIES

What does this process look like in partnership with low-

income countries?

What does this process look like in partnership with 

Autodesk engineers & designers?



The Guardian, “Air Pollution is the New Tobacco”. Source: NASA, WHO Ambient Air Quality Database, April 2018



Air Pollution Public Health Impacts

Deaths annually due to 

ambient air pollution

4.2m
PREMATURE DEATHS

3.8m
DEATHS

90%+

LMICS

91%
EXPOSED

Deaths annually due to 

household exposure

Most mortality occurs in 

Low- and Middle-Income 

Countries

91% of the world’s 

population breathes 

polluted air daily

Source: WHO



Air Pollution Public Health Impacts

Source: WHO 2016

8%

of all premature 

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

Where?



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

Where?



In the News



In the Literature



Monitoring

Clay & Muller, Recent Increases in Air Pollution: Evidence and Implications for Mortality



Learning Objectives

(1) BROAD: GLOBAL ENGINEERING

What global challenges are being tackled by Global 

Engineering?

How does Global Engineering aspire to function on 

the World Stage?

(3) IOT AS A GLOBAL ENGINEERING TOOL

Why do we use IoT as a Global Engineering tool?

What does this look like in our Rapid Prototyping 

Space?

What contributions have we made so far?

(2) DEEP DIVE: AIR  QUALITY 

What are the public health impacts of air pollution?

Who is most at risk?

Where is this an issue?

(4) AIR QUALITY SENSOR CASE STUDIES

What does this process look like in partnership with low-

income countries?

What does this process look like in partnership with 

Autodesk engineers & designers?



MEASUREMENT



O&M Optimization

• Is your infrastructure broken?

• How much should O&M be 

prioritized?

• Are you optimizing your 

intervention?

• Was the intervention effective?

• Did people adopt new technology?

• How long does your intervention have the 

desired impact?

• Does your model fit actual data?

Impact EvaluationService Delivery

• What’s the health of your network?

• What do usage patterns look like?

• Are you optimizing your services?

What people report…

…What sensors report

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. 



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

RESEACH PROJECT

Compared water infrastructure uptime between different models 

to assess GSM sensors as O&M tools

Partner: Living Water International Rwanda

Funding: DFID

CellPump Trial



Sierra Leone DWM Distributed Water Management

SERVICE DELIVERY PROJECT

Drinking water tank & reservoir measurements to inform 

the local utility, PPP operations

Partners: Guma Valley Water Authority, Water4

Funding: MCC

SYNTHESIS PROJECTS

Among other topics, these books address the importance of 

good data collection and monitoring practices to improve the 

impact of international development projects

Publications



TOOLS



Distance Design



Distance Design



eCAD / mCAD / CAM Integration



Rapid Prototyping Technologies



Non-traditional Manufacturing



Learning Objectives

(1) BROAD: GLOBAL ENGINEERING

What global challenges are being tackled by Global 

Engineering?

How does Global Engineering aspire to function on 

the World Stage?

(3) IOT AS A GLOBAL ENGINEERING TOOL

Why do we use IoT as a Global Engineering tool?

What does this look like in our Rapid Prototyping 

Space?

What contributions have we made so far?

(2) DEEP DIVE: AIR  QUALITY 

What are the public health impacts of air pollution?

Who is most at risk?

Where is this an issue?

(4) AIR QUALITY SENSOR CASE STUDIES

What does this process look like in partnership with low-

income countries?

What does this process look like in partnership with 

Autodesk engineers & designers?



Rwanda Feedback System

Developed as ancillary HAPIN (Household Air Pollution 

Intervention Network) Study

Human-centered co-design process with Rwandan 

colleagues and focus groups

“Collaboratively Engineered Air Quality Lamp”

Developed in collaboration with Pier 9 team:

Jonathan Odom – Fusion 360 Community Manager

Arthur Harsuvanakit – Senior Designer at Pier 9

California/Colorado CEAQL



Context

medium.com



Concept



Collaboration

TRIGGERS

MESSAGING



Collaboration



CAD



Prototyping



Testing



Production



Project



Air Quality Poster Air Quality Lamp

• Co-designed with Potential Users

• Provides real-time environmental health data

• Provides time-series data for research

• Co-designed with Autodesk Designers

• Provides real-time environmental health data

• Provides open-source platform for mods



Learning Objectives

(1) BROAD: GLOBAL ENGINEERING

What global challenges are being tackled by Global 

Engineering?

How does Global Engineering aspire to function on 

the World Stage?

(3) IOT AS A GLOBAL ENGINEERING TOOL

Why do we use IoT as a Global Engineering tool?

What does this look like in our Rapid Prototyping 

Space?

What contributions have we made so far?

(2) DEEP DIVE: AIR  QUALITY 

What are the public health impacts of air pollution?

Who is most at risk?

Where is this an issue?

(4) AIR QUALITY SENSOR CASE STUDIES

What does this process look like in partnership with low-

income countries?

What does this process look like in partnership with 

Autodesk engineers & designers?



Curriculum

CU Boulder RPL

Air Quality Sensor Enclosures designed by CU Boulder GE students

Used for air quality measurement lab



• 70 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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