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Introduction

Today, more than two billion people 
lack access to the most basic resources, 
such as clean drinking water, adequate 
sanitation, and reliable passage to local 
markets. Engineers Without Borders 
USA (EWB-USA) is engineering initiative 
present in 39 countries around the world 
to change this reality - one well at a time, 
one bridge at a time, one community 
at a time. EWB-USA’s mission is to 
establish programs worldwide through 
partnerships that design and implement 
sustainable engineering projects, while 
creating transformative experiences that 
enrich global perspectives and create 
responsible leaders. EWB-USA’s vision is 
a world in which the communities we 
serve have the capacity to sustainably 
meet their basic human needs. 

EWB-USA originated from a partnership 
between Dr. Bernard Amadei, a Civil 
Engineering Professor from the 
University of Colorado – Boulder, and 
a community in San Pedro, Belize. Dr. 
Amadei, with the help of Engineering 
Students from UC – Boulder, was able to 
overhaul the community’s water supply 

and sanitation system. This project 
greatly improved the public health of 
San Pedro by sanitizing the water supply, 
but also had significant social effects- the 
water supply system meant that children 
no longer had to travel to collect water, 
and were instead able to attend school. 
Dr. Amadei and his students, encouraged 
by their success, formed the first chapter 
of Engineers Without Border – USA.  
Other academic institutions, inspired by 
the vision of Dr. Amadei and his team 
of Engineering students, embraced 
the mission of EWB-USA and began 
to introduce their own chapters. The 
organization has since expanded to 
almost 300 chapters and more than 
15,000 volunteers and members.1

EWB-USA’s commitment to sustainability 
is reflected in their operation procedures 
and is one of the main pillars in EWB-
USA’s principles of development.2

Sanctioned projects are community-
centric, which means EWB-USA chapters 
will partner with individual communities 
that require engineering expertise 
to address important infrastructure 
problems or enhancements. These 
projects are cooperative efforts between 

Engineering W
ithout Borders: Instrum

entation Efforts for
Sustainable O

pen-Source Engineering Projects

33



Sustainability on the U
T Cam

pus: A
 Sym

posium
Essays

the engineers within EWB-USA and the 
partner community that last at least 5 
years. The aim of these partnerships is 
to empower the community to sustain 
the benefits of the project by educating 
the community members in the proper 
use and maintenance of the technology. 
In compliance with this aim, the effects 
of the project are continually monitored 
by EWB-USA after implementation to 
ensure the project remains socially, 
environmentally, and practically 
sustainable.2

Open-Source Hardware and 
Instrumentation in EWB-USA

Recently, we have initiated a 
maker movement with EWB-USA: 
Greater Austin Chapter in order to 
provide Instrumentation needs to 
support projects by utilizing open 
source platforms; namely, Arduino 
Microcontrollers, RepRap 3D Printers, 

and others. This movement, which is 
primarily driven by University of Texas 
students in Electrical, Mechanical, 
Chemical and Biomedical Engineering, 
has visibly helped EWB projects 
with Digitized Measurement Tools, 
Automation & Control Systems, Power 
Generation Systems, Wireless Gadgets 
and many others. These systems or 
gadgets, purchased off-the-shelf are 
cost prohibitive for EWB-USA projects 
due to high initial price and recurring 
maintenance costs. Furthermore, 
closed and intellectually-protected 
systems hinder our ability to provide 
custom made solutions. Considering 
these challenges, we have strategically 
decided to utilize open-source platform 
to increase work efficiency, accuracy, 
productivity and the overall outcome of 
the projects. 

Additionally, in alignment with 
sustainability as a core principle of 

 

development within EWB-USA, we 
share all of our schematics, assembling 
procedure, and source code online. 
The open-source nature of our devices 
improves our ability to provide 
sustainable solutions. Firstly, by sharing 
the details of our designs we make it 
possible to construct, repair, or maintain 
our devices without having to purchase 
the technology or hire an engineer 
to service the system. Secondly, we 
hope to provide sustained service 
by allowing future members of our 
maker community, or other similar 
organizations, to implement and further 
improve upon our designs.

Project Case Studies

The first devices that we developed 
were the Soil Moisture Sensor and the 
Bacterial Colony Incubator (Figure 1). 
We developed both of these devices in 
response to a necessity to test irrigation 

Engineering W
ithout Borders: Instrum

entation Efforts for
Sustainable O

pen-Source Engineering Projects

34



Sustainability on the U
T Cam

pus: A
 Sym

posium
Essays

requirements and water quality as 
part of the EWB-USA: Greater Austin 
partnerships with Ancash, Peru and 
Chacaya, Guatemala. 

The CAMBIAR project (Climate 
Adaptation in Mountain Basins in the 
Andean Region), which is the name 
for our ongoing project in Peru, is an 
effort to mitigate the severe effects 
that climate change has had on the 
dependability and sanitation of the 
community’s water supply. As per the 
requirements of the Peru team, we 
were to provide low cost and portable 
methods of monitoring the moisture 
level of soil in vital farming areas. 
Commercially, soil moisture sensors 
typically fall within the range of 50-100 
dollars. Furthermore, these sensors are 
actually smaller components of a larger 

system, which might have very robust 
user interfaces and analytic tools. These 
larger systems carry an additional cost of  
approximately 250 dollars.3 Since these 
proprietary tools have far more features 
than needed for the applications of our 
Peru team, it was in our best interests 
to develop a simpler system that 
would suit our needs. By purchasing 
open-source components from various 
vendors, and programming an Arduino 
Microcontroller with the expertise of 
our student and professional engineers, 
we were able to drive the cost of the 
electronic controls to a small fraction of 
the commercial system. In fact, the most 
expensive part of the instrument was the 
waterproof case, which we also designed 
ourselves and printed with the help of 
a Reprap 3D printer. Overall, one of our 
systems cost in total less than 50 dollars 

to assemble, compared to a commercial 
system which might cost over 200 dollars 
for the lower-end models. Besides the 
obvious frugality of the sensor, there 
were other less tangible benefits of our 
device. Since we have shared our designs 
and source code online, it is possible for 
other projects and groups to construct, 
adapt, or improve our system to suit 
their own needs for low-cost, portable 
moisture sensors.

The biological sample incubator was 
conceived after our project team in 
Chacaya, Guatemala encountered a 
problem when trying to test water 
quality. In order to properly culture 
and analyze the bacteria within a 
water sample, it is important to keep 
the water sample at physiological 
temperature until it can be delivered to 

Engineering W
ithout Borders: Instrum

entation Efforts for
Sustainable O

pen-Source Engineering Projects

Figure 1: Left: Soil Moisture Sensor (Revision 1); Right: Body Temperature Incubator (Revision 1)
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our future work might comply with the 
principles of EWB-USA. Dr. Amadei, the 
founder of EWB-USA, was a professor in 
Civil Engineering, so the organization 
was built upon infrastructure and water 
projects that are inherently community-
centric. Projects within the realm of 
Instrumentation and controls, on the 
other hand, might have benefits that 
are not limited to one community. The 
devices that we develop can be easily 
extended to multiple communities and 
project teams. Moving forward, it will 
be important for our instrumentation 
group to continue to provide tangible 
benefits to our project teams in order to 
prove that instrumentation and controls 
can have a significant role to play in 
EWB-USA’s service projects. We must 
also develop a working relationship with 
the policies of EWB-USA to ensure that 
our team’s methods remain sustainable, 
practical, and in compliance with EWB-
USA.
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a lab. Unfortunately, the water source 
of interest was too far away from a 
laboratory to properly transport the 
water sample without some method 
of temperature control. Much like the 
moisture sensor, commercial biological 
incubators were not cost-effective 
or practical for our application. Most 
commercial incubators are research 
grade and non-portable, with an 
emphasis on complete control of 
temperature, humidity, and sterility.4 
For the purposes of the Chacaya team, 
the incubator needed only to maintain 
the temperature of the water sample 
at 37o Celcius, and had to be portable 
with a battery life of at least 48 hours. 
These design requirements are relatively 
simple, and our instrumentation group 
was able to design an incubator of 
essentially 3 components: a portable 
case, a heating element, and a 
microcontroller with a thermal sensor 
to control temperature. By purchasing 
components individually, 3D printing 
the case, and programming the 
microcontroller ourselves we were able 
to drive the cost of the incubator below 
100 dollars, a far cry from the commercial 
systems which can cost thousands of 
dollars.

Conclusion

The advent of affordable, open-source 
technologies for research and service 
applications is not a new phenomenon. 
Very notably, John Pearce and his 
research group at Michigan Tech have 
published hundreds of designs for 
open-source research and service 
tools with a focus on sustainability and 
collaboration.5 Open-source systems 
come with significant advantages that 
thrive in the context of volunteer and 
service work. However, within EWB-USA 
our instrumentation group is the first 
of its kind. The unique nature of our 
group raises some questions about how 
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