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Section 1

Introduction

Access to safe water is a fundamental human need. On July 28, 2010, the United Nations

General Assembly went one step further with the passage of Resolution 64/292, recognizing

“the right to safe and clean drinking water and sanitation as a human right that is essential

for the full enjoyment of life and all human rights” (United Nations General Assembly, 2010).

This declaration came as the number of people without access to an improved water source

was falling drastically, from 2.1 billion in 1990 to 768 million in 2012 (UNICEF, 2013).

Considering this progress, it is evident we have come a long way in the past two decades

toward meeting the world population’s need (and right) for access to safe water. However,

delivering access to the remaining 768 million remains a significant challenge.

Of those without access to an improved water source today, approximately 40% are

located in sub-Saharan Africa (UNICEF, 2013), where critical infrastructure such as roads

and electricity are also lacking. Drilled boreholes fitted with hand pumps are a popular

solution in this setting as they do not require electricity and have the potential to last

for many years with only minimal costs of maintenance and repair. However, aid groups

and governments that install such systems have historically done so without adequately

considering long-term repair or maintenance. As a result, today it is estimated one third of

all African wells are in disrepair, corresponding to an estimate of 50,000 to 250,000 broken

wells and a failed investment between 250 million and 1.5 billion dollars (Skinner, 2009;

Baumann, 2009). Based on the World Health Organization’s recommended value of 250

people per water point, as many as 62.5 million people are a↵ected by broken hand pumps

in sub-Saharan Africa, or approximately 20% of those who still lack access to an improved

water source in the region.

The di�culty in maintaining rural African hand pumps can be attributed precisely to

their rurality. To consistently monitor any number of wells spread over a large geographic

area can be a daunting task. E↵ective management requires technicians to repeatedly travel

1



SECTION 1. INTRODUCTION 2

to isolated locations simply to check if a well is functional, thus contributing to high transport

and opportunity costs. For a trained technician to spend his or her time traveling to a rural

well only to find it functioning normally is a great waste of time. Traveling only to non-

functioning wells would be much more e�cient. However, in the absence of such knowledge,

governments and NGOs typically “solve” the rurality problem by deferring the responsibility

for maintenance to individual village-level operation and maintenance (VLOM) groups such

as local water committees (Harvey & Reed, 2003; Mann, 2003).

While it is certainly feasible for successful management to occur at the village or com-

munity level, there are several problems with relying on this approach alone. First of all,

local users must be trained in the technique of maintaining and repairing hand pumps. That

means training must be done consistently and e↵ectively on a case by case basis. Further-

more, since wells often don’t require maintenance for the first year of operation or longer,

training and capacity building must be done in a way such that it endures long beyond the

date of implementation. Lastly, the people trained to carry out operation and maintenance

must still be present at the time pump servicing is needed in order for the well to be suc-

cessfully repaired. Considering rates of urban migration in Africa, this is far from a safe

assumption; the urban share of the population in Africa is expected to increase from 36%

in 2010 to 60% by 2050 (African Development Bank Group, 2012). Given all the challenges

that must be overcome it is no wonder VLOM has resulted in vast numbers of idle wells.

Considering what is at stake (each well represents perhaps the only safe water supply for an

entire village) one should not be satisfied with the status quo.

If a rural African well does fall into disrepair and VLOM fails, there are actually two

problems that need to be solved. The first is technical in nature (the pump requires a

replacement part or is otherwise in need of maintenance), which is relatively easy to solve.

The nearest trained technician can be sent to the village to service the well using low-cost

parts. The second problem is much more di�cult to solve, which is that the person with the

capacity to mobilize a properly trained technician to fix the well does not know it needs to

be fixed. Perhaps the aid group that funded the implementation of the well has moved on

and no longer has a presence in the area. Perhaps the project was implemented by the local

government, but there is no capacity to monitor the status of all wells in the region. Perhaps

a local technician was trained when the well was drilled but he or she has since moved to

the city in search of work. Any number of factors could be to blame. The outcome is the

same regardless: the well falls into disrepair and local users are the ones who su↵er. While it

may be widely known within a community that a well is broken, knowing a properly trained

technician and having the funds to mobilize him or her to the well site and carry out the

required repairs is another issue altogether.
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One potential solution to this problem is remote monitoring, defined here as the use of

internet-enabled sensors that report data in near real-time. Any number of sensors can be

used for remote monitoring purposes. The appropriate sensor must be selected on a case-

by-case basis. In the case of an African well, a pressure transducer is used to detect the

pump rate and yield of the well. Data from the sensor is uploaded daily via the local cell

phone network and is thereby made available for download at any time over the internet.

If a sustained drop in usage or yield is detected by the sensors, a notification is sent to the

person or group responsible for pump maintenance. The system is then used to confirm the

pump has been repaired once a normal pumping rate and yield is restored.

Using such sensors to track the performance of a hand pump is only one application of

remote monitoring. The advantage of this technology is that it allows NGOs, governments,

or researchers to track the status of any number of projects remotely from (nearly) anywhere

in the world at any time. Continuing the example of rural African wells, remote monitoring

solves the rurality problem, allowing any number of wells to be monitored from a central

location without the need for costly site visits. When a well falls into disrepair, they are

alerted and can then mobilize an e↵ort to have the well fixed. The burden of maintaining

rural wells no longer falls to VLOM alone.

Understanding this phenomenon, this essay seeks to address the question of how remote

monitoring can be used to improve the sustainability of international development projects.

(For the purpose of this essay, sustainability is defined as the continued functional use of an

implemented project). This question is answered by examining a case study from Kenya

whereby remote sensors were used to monitor a rainwater catchment system built at a

primary school by a student chapter of Engineers Without Borders USA. Findings from

the study show that remote monitoring alerted EWB to a major leak in the system while

also allowing the group to measure the capture rate of the catchment system. A discussion

of these results is presented as evidence for the role of remote monitoring in a new paradigm

of sustainable development, specifically as a method of enhancing current techniques used

to track progress towards Millennium Development Goal targets.

The final task of this essay is to reflect on these findings within the context of the “great

debate” in the field of international development between Je↵rey Sachs and William East-

erly, now nearing its 10th year. Are the poor victims of circumstances that the rest of the

world must free them from (Sachs, 2005), or must they simply turn to market-based strate-

gies (Easterly, 2007) which, after all, worked for the West? These perspectives represent

competing theories within the field, both with their own set of explanations for poverty’s

origins and prescriptions for its alleviation. Does remote monitoring o↵er testimony one way

or the other? This question will be revisited later.



Section 2

Literature Review

In early September, 2000, world leaders met for three days at the United Nations Millennium

Summit in New York City to discuss a global agenda for the UN to adopt in the 21st cen-

tury. Following the summit, the UN Millennium Declaration was ratified by all 189 member

states. The declaration laid out a vision of human rights and sustainable development to

be achieved globally by 2015. Out of this vision came eight goals related to the elimination

of extreme poverty. The goals, known as the Millennium Development Goals or MDGs,

are as follows: to (1) eradicate extreme poverty and hunger, (2) achieve universal primary

education, (3) promote gender equality and empower women, (4) reduce child mortality, (5)

improve maternal health, (6) combat HIV/AIDS, malaria, and other diseases, (7) ensure

environmental sustainability, and (8) develop a global partnership for development.

Each goal is operationalized using one or more targets that are subsequently measured

using specific indicators. For example, there are three targets within the first goal of eradi-

cating extreme poverty and hunger: “(1.A) halve, between 1990 and 2015, the proportion of

people whose income is less than $1.25 a day; (1.B) achieve full and productive employment

and decent work for all, including women and young people; (1.C) halve, between 1990 and

2015, the proportion of people who su↵er from hunger” (United Nations Development Pro-

gramme, 2010). Target 1.A is then measured using three indicators: “(1.1) proportion of

population below $1 (PPP) per day; (1.2) poverty gap ratio; (1.3) share of poorest quintile in

national consumption” (United Nations Development Programme, 2010). The targets and

indicators listed here are only examples; within the eight MDGs are a total of 21 targets

and 60 indicators. Targets and indicators serve a very important purpose within the MDG

framework as they allow broad themes of development to be broken down into measurable

statistics. Without them, the MDGs are merely symbolic.

As we approach the 2015 deadline for achievement of the MDGs, the question is whether

or not the benchmarks described in each target will be met. In 2013, the United Nations

4
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issued a report on the status of the MDGs, calling the e↵ort “the most successful global anti-

poverty push in history” (United Nations, 2013). The report outlines several MDG success

stories: the number of people living in extreme poverty has been halved, over two billion

people have gained access to an improved drinking water source, and real progress has been

made on combating malaria, tuberculosis, and HIV/AIDS. However, there are also several

challenges identified by the report, including a severe threat to environmental sustainability

in the form of climate change, 57 million children still lacking a primary education, and

a lack of gender parity in decision-making authority. The report concludes with a call for

improved monitoring systems by noting:

“Although considerable progress is being made, reliable statistics for monitoring
development remain inadequate in many poor countries. Building statistical
capacity in those countries demands increased and well-coordinated financial and
technical support from development partners” (United Nations, 2013).

It is exactly in this call for improved monitoring systems that the use of remote monitoring

presents a compelling opportunity for the MDGs, especially with regards to drinking water.

The seventh Millennium Development Goal, to ensure environmental sustainability, includes

the target (7.C) of cutting in half “the proportion of the population without sustainable ac-

cess to safe drinking water and basic sanitation” (United Nations Development Programme,

2010). To track progress toward this target, the UN created the Joint Monitoring Program

(JMP) for Water Supply and Sanitation. Despite the fact that target 7.C speaks to the

number of people who have sustainable access to safe water, the JMP tracks progress ac-

cording to the number of people with access to an improved water source. In other words

there is a discrepancy between the o�cially stated target of improving access to safe water

and the way that target is being measured. This is due to the fact that the sustainability of

an improved water source is not currently measured. Remote monitoring has the potential

to fill this data gap.

Defined here, a sustainable water source is a water source that is both operational and

properly managed, such that if it becomes non-functional it will be repaired in a reasonable

amount of time. Remote monitoring is useful for achieving both aspects of this definition,

first by detecting whether or not a water source is functional and secondly by alerting the

proper management authority when it breaks down. In a recent report, the JMP admits that

the sustainability of water sources needs to be incorporated into the post-2015 development

agenda:

“Given that the MDG target is to halve the proportion of the population with-
out sustainable access to safe drinking water, monitoring the sustainability and



SECTION 2. LITERATURE REVIEW 6

safety aspects of water systems and services will need to be further stepped up.
Currently, the JMP approach measures use of improved sources of drinking water
as a proxy for sustainable access to safe drinking water. By looking at progress
in e↵ective use over time, the trend line indirectly integrates sustainability in
progress estimates. This approach provides a reasonable estimate of the type of
drinking water sources people use, i.e. improved or unimproved. However, it does
not provide information on the quality of the water used, the reliability of water
services, or whether people’s sustained access to them is hampered for economic,
financial social or environmental reasons. In short, the simplicity of having one
relatively well-defined indicator has been at the root of JMP’s success, but it is
also its limitation and this needs to be overcome at global, regional and national
levels in the post-2015 period” (Joint Monitoring Programme, 2011).

The report further states that “one of the main challenges in measuring safety, sustainability

or reliability is the lack of adequate data. [...] Determining post-2015 targets and indicators

will require identifying cost-e↵ective and reliable data collection mechanisms and strength-

ening existing monitoring systems at national, regional and global level” (Joint Monitoring

Programme, 2011). If incorporated into national and international agendas such as the

MDGs, remote monitoring could become an integral component of the future of sustainable

water source development.

2.1 Remote monitoring

Remote sensing is a research method that dates back to the onset of flight. One of the

earliest recorded instances occurred in 1858 when the French photographer Gaspard-Flix

Tournachon photographed Paris from a balloon (Holmes, 2013). As a research method

that extends across dozens of disciplines, remote sensing is applicable to any situation in

which data collection is needed from a location in which it is impossible or inconvenient to

send a human being. Following the onset of human flight when cameras could be attached

to balloons and planes, remote sensing has matured to become one of the most advanced

tools of science, used for everything from exploring the earth’s oceans to mapping mars

(Lemonick, 2006). However, the use of remote sensors within the field of international

development is a relatively novel application of remote sensing methods. This new approach

is owed in large part to the development of global telecommunication systems in the past

three decades such as the Global System for Mobile Communications (GSM), which began

in the early 1980s in Europe and surpassed three billion users in 2008 (Eberspacher, Vogel,

Bettstetter, & Hartmann, 2008). This unprecedented investment in global communication

has made it possible to transmit data from virtually anywhere on earth, while simultaneously

driving down the price of mobile phones and other wireless communication devices to the
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point that today, over 96% of households in the world subscribe to a mobile phone network

(International Telecommunication Union, 2013).

The call for greater technology transfer in Kenya goes as far back as 1972, when P.M.

Mbithi published the landmark paper Innovation in Rural Development from the University

of Nairobi, calling for increased technology transfer to Kenya’s agrarian communities as a

method of stimulating rural development (Mbithi, 1972). Today that dream is largely yet

to be realized, as most rural Kenyans rely on unimproved water sources, antiquated farming

techniques, and live in houses yet to be connected to the electrical grid. The exception to

this trend, the mobile phone revolution, began in the late 90s as mobile network operators

began rapidly gaining customers in Kenya (and across the world). Safaricom Ltd., the

leading mobile provider in Kenya today, reached one million subscribers in 1999, five million

subscribers in 2005, and nearly 20 million subscribers in 2012 (Waburi, 2009; Kamau, 2012).

In addition to their position as industry leaders in mobile communication, Safaricom has

also revolutionized mobile commerce. Their SMS-based mobile payment system M-Pesa

(from the Swahili word for money) processed $6 billion in payments in 2013 (Safaricom Ltd.,

2013). Today it is considered the most advanced mobile payment system in the world (Mas

& Morawczynski, 2009).

2.2 Putting mobile innovations to use

The innovations in mobile communication and mobile commerce have created a situation in

which Kenya’s rural poor are using state of the art telecommunications technology in their

everyday lives. It has also made it feasible to use inexpensive, network-enabled sensors in

the field for the purposes of remote monitoring. In the article Harnessing Mobile Commu-

nications Innovations for Water Security, Hope et al. write that “in Africa, water security

challenges associated with climate extremes and population growth outstripping improved

water services’ access are juxtaposed with its global lead in mobile commerce innovations”

(Hope, Foster, Money, & Rouse, 2012). The authors argue that these innovations should be

used as the foundation for providing low-cost water services to strengthen the continent’s

water provision sector while making real progress towards reaching the MDG target for ac-

cess to safe water. “By 2012 more people [in Africa] will have mobile subscriptions than

improved water services and by 2014 it is estimated 90 percent of Africa will have GSM cov-

erage. Flows of accurate and timely information can strengthen water service regulation and

counter the operational ine�ciency and rent seeking behavior which increase the deadweight

loss for society and dampens interest from private sector investors” (Hope, Foster, Money,

& Rouse, 2012).
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Meanwhile, in the same year Thomson et al. published a proof-of-concept study demon-

strating the use of a GSM-enabled microprocessor connected to an accelerometer to monitor

the performance of hand pumps in Zambia. The device described by the authors, called a

Waterpoint Data Transmitter, is mounted to the handle of a water pump. The accelerometer

detects the number of strokes of the hand pump, while the data captured by the micropro-

cessor is transmitted by SMS over the local GSM network. The data can be used to estimate

the flow of water through the pump. An observer of the data such as a local government

o�ce or an aid organization could thus easily detect if the pump is no longer being used

(presumably because it is broken) and remedy the situation. The authors note that “given

the systemic informational deficit for rural water points in Africa, where one in three hand

pumps is likely to be non-functioning, this innovation has the potential to provide universal,

low-cost and immediate data to guide timely maintenance responses and planning decisions,

as well as drive greater accountability and transparency in donor and government behavior”

(Thomson, Hope, & Foster, 2012).

Such technology is one piece of solution to the puzzle that is the global water crisis.

In the article Global challenges in water, sanitation and health, Moe & Rheingans discuss

the yet-to-be-solved issue of developing sustainable water delivery systems for the remaining

portion of the world’s population who lack access to a safe and sustainable water source.

According to the authors, one of the four key barriers to solving this problem is “failure

to conduct evaluations of water and sanitation interventions to determine whether they are

successful and sustainable” (Moe & Rheingans, 2006). In other words, many “solutions”

have been proposed and even implemented in some cases, but we have very little evidence to

determine which interventions are likely to be successful in terms of delivering a sustainable

water source.

Despite historical challenges with hand pump maintenance, groundwater remains a fea-

sible source of drinking water for Africa. A continent-wide study recently estimated Africa’s

groundwater resource at 0.66 million cubic kilometers, compared to only 0.02 million cubic

kilometers of annual rainfall and 0.03 million cubic kilometers of freshwater stored in lakes

(MacDonald, Bonsor, Dochartaigh, & Taylor, 2012). Moreover, the study authors conclude

that “the potential for boreholes yielding greater than 5 l s-1 outside of large sedimentary

basins is not widespread but limited to particular areas requiring careful exploration and

development. Nevertheless, for many African countries appropriately sited and constructed

boreholes will support a hand pump (a yield of 0.1-0.3 l s-1), and su�cient storage is avail-

able to sustain abstraction through inter-annual variations in recharge” (MacDonald, Bon-

sor, Dochartaigh, & Taylor, 2012). In other words, while high-yield wells must be confirmed

by further exploration, available groundwater will support low-yield wells fitted with hand



SECTION 2. LITERATURE REVIEW 9

pumps in both the dry and wet seasons across several countries. If the issue of pump main-

tenance and repair could be solved, this vast resource could yet be part of the solution to

Africa’s need for safe water.

Fortunately, in more recent years, the trend has been towards greater monitoring of pre-

viously implemented projects. Learning from the historical norm of implementing a project

then forgetting about it, organizations such as Water For People have begun incorporating

long-term monitoring and evaluation as a core component of their programs. This orga-

nization’s practices in particular were examined by Fogelberg (2010) in the article Filling

the knowledge gap: Monitoring post-construction water and sanitation sustainability. The

author writes that “the [water and sanitation] sector is racing towards meeting the MDGs

in 2015, with an emphasis on new connections, but if existing taps and toilets are aban-

doned, stolen or fall into disrepair, the once-served fall back on to the ‘unserved’ side of the

equation” (Fogelberg, 2010). As a result of changing attitudes towards monitoring and eval-

uation in the field of international development, Fogelberg examines how Water For People

has developed a robust monitoring protocol used for projects they implement across Asia,

Africa, and Latin America. This monitoring protocol was used to measure an impressive 95%

sustainability rate for 655 water systems in five countries over a four year period (Fogelberg,

2010). In this case sustainability is defined as the continued operation of the water point. If

such data was available and comparable by organization, country, and type of intervention

for the entire sector, we would have a much better sense of which interventions have the best

chance for success. Such monitoring data also presents the opportunity to learn from failed

projects and of course attempt to repair broken systems where feasible.

Despite the success of Water For People’s monitoring program, there are multiple reasons

their methods may not be scalable. Fogelberg notes that the costs of monitoring are not

borne by Water For People directly but are instead financed by a third party. In addition,

the human resources required for monitoring are provided in the form of student volunteers

(Fogelberg, 2010). Other organizations without the luxury of labor and funding donated for

the explicit purpose of monitoring and evaluation may find it too challenging to implement

the same program (relying on student volunteers also raises concerns about long-term quality

control of monitoring programs). Often, donors to international development organizations

want their dollars to be put directly towards implementation e↵orts for “maximum value”

and are reluctant to fund supposedly less valuable e↵orts such as travel, monitoring, and

evaluation. This undercuts the ability of organizations to return to previously implemented

projects to understand which projects are functional, learn from projects that have failed,

and incorporate learning into future projects. In the article Sustainable rural water supply

in Africa: Rhetoric and reality, Harvey and Reed discuss this phenomenon in no uncertain
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terms:

“Some smaller NGOs and church organisations also introduce new technologies
but largely ignore O&M issues or do not enter into consultation with other stake-
holders to ensure sustainability. Facilities are donated to satisfy the moral or re-
ligious well-being of the donor (the ‘feel good’ factor), to the ultimate detriment
to the well-being of the beneficiaries. This self-interest demotes the interests of
the rural poor to secondary importance, yet the same organisations claim that
they are of paramount importance. Low levels of sustainability are fundamen-
tally good for external support agencies since they justify continued funding for
them for future rehabilitation projects and hence their self-existence. Even well-
intentioned agencies and sta↵ often put self-interest far up the agenda at the cost
of true sustainability. Selfish humanitarianism is the norm, not the exception,
and there is a need for the donor community to recognise this if they are serious
about achieving sustainability” (Harvey & Reed, 2003).

While Harvey and Reed make some questionable assumptions about motives, it is true that

operation and maintenance needs have historically been ignored by small, single-purpose

NGOs. The challenge organizations face today is in glorifying operation and maintenance to

the point that it becomes as attractive for donors to fund as new projects are. This problem

is pervasive across society consider the willingness of a university alumni to donate money

towards a new construction project on campus compared to their willingness to donate

money to cover the salary of the janitor who maintains the facility. However, international

development organizations are unique in this regard since their initiatives often relate to

issues much more fundamental to human survival. In the university example, we end up

with dirty bathrooms. When NGOs can’t fundraise for operation and maintenance, entire

villages of people end up losing their only source of potable water.

Remote monitoring is useful both as a relatively low-cost monitoring solution where

physical travel by program sta↵ is not possible due to financial constraints and also as a

supplement to more extensive in-person monitoring and evaluation programs. In either case,

interventions within the water and sanitation sector would stand to gain from the knowledge

of which solutions are most sustainable and what can be done when a project fails.

One important distinction to make is between measuring performance and tracking fail-

ure. The former implies some characteristic of an intervention is being assessed, while in

the latter a simple on/o↵ check is being made. When it comes to broken African wells, the

implication is that remote monitoring could be used to track failure. In reality, the sensors

used to monitor a hand pump do much more than simply detect if the pump is working

or not. A system developed at Portland State University’s Sustainable Water, Energy and

Environmental Technologies Laboratory or “SWEETLab” for just this purpose can not only
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detect how often a hand pump is used but the yield of the well, which is the volume of

water it produces per stroke of the pump (Thomas, et al., 2013). Therefore, by measuring

performance the system is also tracking failure. In other cases a more rudimentary sensor

may only track failure without o↵ering any feedback on performance. In short, this criteria

will depend on each unique sensor configuration.

2.3 Robustness of remote monitoring

In today’s globalized world, a new development paradigm is emerging whereby it is possible

for organizations to be in direct contact with communities in nearly all corners of the globe.

New organizations such as Engineers Without Borders USA attract broad membership across

several disciplines and work on a variety of issues around the world (Amadei, 2009). Founded

in 2002 at the University of Colorado Boulder, EWB-USA has grown quickly to a formidable

membership of over 13,000 students and professionals (Engineers Without Borders USA,

2014). In EWB-USA’s model, projects are the result of a direct partnership between chapters

based in the US and communities in developing countries around the world. Projects are

tailored to specific needs down to the village-level. Thus, an enormous variety of projects

emerge.

In this new paradigm of international development, no single monitoring and evaluation

program can be applied to all projects, since no two projects share the same set of benefi-

ciaries, type of intervention, or geographical location. Remote monitoring is well-suited to

this paradigm however, given the tremendous variety of sensors available today. As long as

a sensor exists which is capable of measuring a critical parameter of a system, that system

can be monitored. In addition to the previous example of monitoring water sources, remote

monitoring is applicable to monitoring everything from environmental conservation e↵orts

to energy projects to human health and behavior. In 2013, one of the leading researchers

on the use of remote monitoring in development projects, Professor Evan Thomas, pub-

lished an article demonstrating the use pressure transducers to remotely count the number

of times a water filter was used (Thomas et al., 2013). Another article published in the

same year by Thomas describes using thermometers to remotely track usage of cookstoves

in Rwanda (Thomas, Barstow, Rosa, Majorin, & Clasen, 2013). Similar work was done the

year before by Ruiz-Mercado et al. to monitor usage of biomass cookstoves in Guatemala

(Ruiz-Mercado, Canuz & Smith, 2012). Other researchers have been equally creative, using

light sensors to remotely monitor indoor air quality (Chowdhury et al., 2007) motion sensors

to detect peoples’ usage of latrines (Clasen et al., 2012), and accelerometers embedded in

bars of soap to track frequency of hand washing (Biran et al., 2009; Ram et al., 2010). The



SECTION 2. LITERATURE REVIEW 12

point being that remote monitoring is a fundamentally creative endeavor with enormous

flexibility for monitoring any number of development projects. Thomas writes of his work:

“To date, hundreds of these sensors have been deployed in over a dozen configu-
rations in remote and harsh environments on four continents, providing a robust
data set for extensive failure-mode analysis and product improvement across the
hardware, firmware, and data management platforms. Each technology to be
monitored is fitted with a unique sensor configuration using an identical hard-
ware backbone and is separately validated in laboratory and field testing, with
the resultant signal processing algorithm applied across all deployments of the
same sensor type” (Thomas, 2013).

In non-technical terms, Thomas is saying that while all applications of remote monitoring

technology share basic components (e.g. batteries, data loggers, and data transmitters), each

instance calls for a unique sensor or set of sensors to deliver data meaningful for the system

being monitored. Once deployed and validated through field testing, each sensor configura-

tion (which may include any number of sensors) has the potential to inform improvement of

the monitored project by showing actual system usage as well as potential failure modes.

2.4 An alternative to survey methods?

The movement within the field of international development towards greater emphasis on

monitoring and evaluation has not exclusively relied on any one methodology. One method

in particular, the randomized control trial (RCT), has emerged as the gold standard of

evaluation tools. This is due in large part to the work of several development economists,

namely Abhijit Banerjee & Esther Duflo, who describe the methodology in their critically

acclaimed book Poor Economics (2011), as well as Dean Karlan and Jacob Appel in the

book More Than Good Intentions (2011). These works were a response to the perceived

shortcomings of relying on the ideologically-driven ideas of the likes of Je↵rey Sachs and

William Easterly, who published competing books about the best way to fight global poverty

(Sachs’ The End of Poverty in 2005 and Easterly’s The White Man’s Burden in 2006) and

have been engaged in a back-and-forth debate ever since (Sachs, 2014). In simplistic terms,

Sachs argues for greater investment in foreign aid as a way of overcoming poverty traps that

are holding back the world’s poor. Easterly, meanwhile, is skeptical of the e↵ectiveness of

foreign aid, instead arguing for market-based approaches to overcoming poverty. Enter the

randomized control trial amid this ideological debate, which Banerjee et al. argue is a new

and more e↵ective way to understand what actually works to fight poverty. The core idea is

simple: among a sample of potential beneficiaries of an intervention intended to fight poverty,
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randomly select half to receive the “treatment” (i.e. the intervention), then use the second

half as a control group. By closely monitoring relevant indicators for both groups through

surveys, the impact of the intervention can be measured. This methodology has become

popular, used across several disciplines to demonstrate the e↵ectiveness (or lack thereof) of

everything from mosquito nets (Lengeler, 2004) to microcredit (Karlan & Zinman, 2011) to

deworming children (Miguel & Kremer, 2004).

Proponents of remote monitoring counter that randomized control trials, for all of their

supposed objectiveness, rely on survey methods that are prone to bias. For example, in his

work on monitoring cookstoves in Rwanda, Thomas points out that while 90.5% of house-

holds that received a cookstove reported using it, data from sensors installed in each cook-

stove revealed actual usage to be only 73.2% (Thomas, Barstow, Rosa, Majorin, & Clasen,

2013). A similar result was found when Biran et al. investigated the impact of a hand

washing intervention in India: while reported instances of hand washing greatly increased

following a hygiene promotion event, observed hand washing (through accelerometers em-

bedded in bars of soap) increased only marginally (Biran et al., 2009). In both cases, an RCT

that relied on reported behavior may have overstated the benefits of investing in cookstoves

or promotion of hygiene. In fairness to the RCT methodology, it could be argued that these

two examples are merely straw men arguments, since more stringent survey methods could

have been used that may have produced more accurate results. For example, in the case of

hand washing in India, instead of measuring reported hand washing the researchers could

have measured the number of illnesses commonly resulting from a lack of hand washing. Or

in the case of Rwanda cookstoves, instead of relying on reported usage, the researchers could

have visually inspected whether or not a stove had been used. In reality, reporting bias is

a well-known problem within the field of development economics that researchers typically

consider when designing surveys (Eble, Boone, & Elbourne, 2014). Still, there remains the

undeniable fact that RCTs measure the impact of an intervention in terms of generalized

statistics across an entire sample population. Remote monitoring allows one to measure the

near real-time status of a specific intervention in a specific location, which may be more ap-

propriate for interventions requiring long-term maintenance (such as wells fitted with hand

pumps).

It should also be noted that RCTs are not mutually exclusive from remote monitoring

techniques. Consider an intervention whereby remote monitoring was used as the data

gathering instrument for an RCT, in place of surveys. For example: an investigation of

the impact of an intervention to train local technicians to maintain their own hand pumps.

All hand pumps in the study could be fitted with remote monitoring sensors that detect

pump usage. Over several years, the impact of the training could be detected by comparing
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the usage of the pumps that a trained technician was supposed to maintain with those

where no technician was trained. In essence the study would be measuring how e↵ective the

technicians were, since broken pumps would be reflected in the monitoring data. In this case

RCTs and remote monitoring are complementary methodologies, not exclusionary. Remote

monitoring data could also be considered an intervention in itself if that data could lead

to better outcomes for a target population (e.g. providing well status data to a regional

government o�ce responsible for maintaining water points). In short, remote monitoring is

only an alternative to a randomized control trial when both are being used to investigate

the impact of a second, completely separate intervention.

Given the onset of a new focus on sustainability in the field of international development,

it is clear a new paradigm has begun whereby conceiving of an idea, implementing it in the

field, then walking away is no longer accepted practice. Modern techniques such as follow-

up monitoring and evaluation, randomized control trials, and remote monitoring promise to

usher in a new focus on results, learning, and sustainability.

The contribution this essay makes to the literature is a demonstration of how remote

monitoring can be used in the field (in this case by the NGO Engineers Without Borders).

Specifically, this essay further develops remote monitoring as a viable option for organizations

in the field of international development (either governmental or non-governmental) to mon-

itor projects post-implementation. This case study represents the first example of remote

monitoring being proven in the field in terms of its ability to provide critical information

regarding the e↵ectiveness, functional status, and usage of a rainwater catchment system.

While many other applications of remote monitoring technologies have been theorized or

tested in the lab, further research and development is needed to prove their usefulness in the

field.
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Methods

In 2009 the Oregon State University chapter of Engineers Without Borders USA (abbrevi-

ated EWB-OSU) began a partnership with the village of Lela, Kenya to assist the community

in their pursuit of a safe water supply. In 2012 this partnership culminated in the drilling

of a community well and the construction of a rainwater catchment system in Lela. The

latter was equipped for remote monitoring using a weather station. This essay will present

the data obtained from this weather station as a case study for remote monitoring; it will be

shown that this technology allowed EWB-OSU to remotely measure the capture rate of the

rainwater catchment system, the rate at which water was being consumed, and to ultimately

detect a leak in the system that was later repaired. In summary, this case study will demon-

strate how remote monitoring can be used for the purposes of e↵ective post-implementation

monitoring of development projects and for recommending new policies for development

organizations. This is critical given the high rate of failure of current international devel-

opment initiatives; e↵ective post-implementation monitoring could stand to drastically alter

the landscape of the field.

3.1 Lela Community Water Project background

Lela is an agrarian community of approximately 2,000 people in southwest Kenya near the

Tanzanian border and Lake Victoria. The people of Lela are members of the Luo ethnic

group and subsist mostly on maize but also on tobacco, cassava, and other crops. Lacking

an adequate source of safe water, in 2008 the Lela community decided to submit a project

application to Engineers Without Borders USA. Women within the community formed a

water committee to complete the necessary paperwork and manage the project, which they

named the Lela Community Water Project (Engineers Without Borders USA Oregon State

University, 2013).

15
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In 2009 the Oregon State University chapter of EWB-USA adopted the project and

made their first visit to the village. Three years later, after sending two travel teams to

Lela and completing a health survey, water source assessment, GIS map, and alternatives

analysis, EWB-OSU moved forward with the implementation of a drilled water well and

rainwater catchment system in July 2012. The well was drilled at a central location within

Lela, intended for broad community usage. Meanwhile, the rainwater catchment system

was constructed at the Lela Primary School and was intended to be used by the school’s

450 students for drinking water. Following the first implementation trip, a second well was

drilled within Lela in June 2013 (Engineers Without Borders USA Oregon State University,

2013).

3.2 Monitoring Lela’s rainwater catchment system

The rainwater catchment system implemented by EWB-OSU in Lela consists of four 10,000

liter water storage tanks connected to gutters that capture water from the school’s roof,

which has a total area of approximately 377 square meters. The roof is divided into four

sections such that water from each section flows to one of four storage tanks (see Figure 3.2).

During the design and planning stages preceding the first implementation trip, EWB-OSU

decided to use a weather station manufactured by Decagon Devices and specially configured

to remotely monitor the rainwater catchment system once it was completed. Of critical

importance to the ultimate usefulness of the system was its capture rate, or the percentage

or rainfall that was actually captured by the system and made available for consumption by

students. A capture rate of 80% was assumed based on the book Field Guide to Environmen-

tal Engineering for Development Workers by Mihelcic et al. (2009). However, monitoring

the system remotely post-implementation would allow EWB-OSU to measure the actual

capture rate of the system, thereby providing a means to check this assumption and verify

the adequacy of the system given the number of students attending the school.

During implementation, the weather station was mounted on the roof of the Lela Pri-

mary School and included sensors for temperature, relative humidity, precipitation, wind

speed/direction, and solar radiation. An additional sensor measuring water conductivity,

temperature, and depth (known as a CTD sensor) was placed in one of the four rainwater

storage tanks installed at the school (see Figure 3.1). Powered by a small solar panel, the

weather station became operational immediately. Data was collected by each sensor on a

10 minute interval and stored using on-board memory before being uploaded daily over the

local GSM network.

Data reported by Lela’s weather station was accessible only to EWB-OSU. After being
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uploaded the data was stored on a server located in the U.S. and owned by the manufacturer

of the weather station. Downloading this data requires a computer with internet access and

software configured to communicate with the correct server. Due to the experimental nature

of the installation and the fact that there are no known owners of a computer in Lela, the

data was not accessible locally (or by anyone else in Kenya for that matter).

3.3 Failure and repair of weather station

After becoming operational on August 1, 2012, on November 5th of the same year at 7:20

am local time, Lela’s weather station ceased collecting data. The reason for the failure was

unknown until the station was examined one year later in November 2013. Photos from

this visit are shown in Figures 3.3 and 3.4. Since installation, the weather station had

been powered by a small solar panel coated in a clear silicone gel to prevent water damage.

However, after four months in the field, the silicone gel yellowed to the point that sunlight

did not penetrate the panel and therefore electricity was no longer being generated. Without

a source of power the weather station was no longer able to collect or report data. A new

solar panel was installed in June 2014 (see Figure 3.5) which allowed the weather station to

resume collection and reporting of data. Due to the lapse between the date the solar panel

failed and the date it was replaced, there is an 18 month gap in the monitoring data.
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Figure 3.1: Rainwater storage tanks at Lela Primary School with weather station mounted
at roof peak (the CTD sensor is connected by the red cable leading to the tank at far right)

Figure 3.2: Bird’s-eye view of rainwater catchment system design (Engineers Without Bor-
ders USA Oregon State University, 2013)
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Figure 3.3: Lela’s weather station in November 2013
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Figure 3.4: Close up of the solar panel powering Lela’s weather station until November 2012
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Figure 3.5: New solar panel for Lela’s weather station installed June 2014



Section 4

Results

From August to November 2012, Lela’s weather station reported data consistently, which was

then available to EWB-OSU for download using software provided by the weather station

manufacturer. The analysis presented here will use data from the rain gauge and the CTD

sensor exclusively. A visualization of this data is provided in Figure 4.1. The data shows

a predictable rise in the water level within the storage tank following each rainfall event,

followed by steady decreases as the water is consumed by students at the Lela Primary

School. The water storage tank being monitored has a height of three meters and a total

capacity of 10,000 liters. Therefore, a water level measured at two meters corresponds to a

tank that is 2/3 full and therefore contains approximately 6,700 liters of water.

For six weeks the system reported normal activity (rainfall followed by steady water level

declines). Then, on September 13th at approximately 11pm local time, the water level in

the tank began an exponential decline. The decline began immediately following an intense

rainfall event in which 32 mm (1.2 inches) of rainfall was recorded in one hour, increasing the

water level in the tank an entire meter (adding 3,300 liters of water). The water level then

fell from 2.1 meters at 10:50pm on September 13th to zero meters by 11:50pm on September

17th. This corresponds to a loss of 7,500 liters of water in 97 hours, an average of 1.3 liters

per minute. (For comparison, most household taps in the U.S. flow at approximately three

liters per minute). All subsequent rain events recorded before the failure of the weather

station on November 5th resulted in a relatively small volume of water being added to the

tank (up to half a meter in height), followed by exponential declines in stored water volume,

indicating the leak was still present. It is merely by coincidence that the tank that sprung

a leak was the same tank monitored with the CTD sensor had any of the other three tanks

leaked it would not have been reflected in the remote monitoring data.

22
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4.1 Capture rate

Prior to the apparent leak in the tank that began in mid-September, a total of 21 rainfall

events were recorded by the weather station’s rain gauge. Since both the diameter of the

water storage tank and the area of the school’s roof is known, the precipitation data may

be combined with the measured water level in the tank to calculate the capture rate of the

system for each rainfall event. The equation below (4.1) was used for the purpose of this

calculation:

Capture rate =
(L2 � L1)⇡R2

P1:2A
(4.1)

where L2 = Water level at time 2

L1 = Water level at time 1

R = Water storage tank radius

P 1:2 = Precipitation from time 1 to time 2

A = Roof area

The numerator of equation 4.1 represents the actual volume of water that the rainwater

catchment system captured while the denominator represents the total amount of water

that fell on the roof for each rain event. The quotient of these numbers represents the

fraction of available water that the rainwater catchment system captured, also known as

the capture rate. Using this equation, capture rates were calculated for all 21 rain events

recorded by the weather station and plotted against the intensity of each event (see Figure

4.2).

The capture rate is a function of rainfall intensity because of the volume of water that

is required to wet the surface of the roof and gutters before water begins flowing into the

storage tank. During a light drizzle, a significant portion of the rainfall is required to wet the

surface of the roof, therefore the capture rate will be relatively low. During heavy showers,

the gutters and roof will be quickly wetted and water will begin flowing into the storage tank

right away, thus the capture rate will be relatively high. Recall that a capture rate of 80%

had been assumed by EWB-OSU based on a reference value. However, the actual capture

rate of the system is shown here to be significantly lower at 69%.
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4.2 School usage

In addition to detecting a leak in the rainwater catchment system and allowing EWB-OSU

to measure the system’s capture rate, remote monitoring enabled the chapter to measure the

amount of water the students at the Lela Primary School were using on a daily basis. Over the

six weeks between August 1st and September 13th, a total of 3.7 meters of water was added to

the water storage tank from rainfall. When the leak began the water level in the tank was 2.1

meters, meaning 1.6 meters of water (5,600 liters) had been extracted for use during those six

weeks. During that time 450 students attended the Lela Primary School (Engineers Without

Borders USA Oregon State University, 2013). Assuming that students only consumed water

on weekdays while school was in session and that all four water storage tanks were used

evenly, a total of 22,400 liters of water was used over 32 days, corresponding to 1.6 liters

per student per day. For comparison, the World Health Organization recommends a daily

consumption of one liter of water for a 10 kg child (Grandjean, 2004).

Due to several assumptions made, this calculation is subject to a high degree of uncer-

tainty. Since each tank captures water independently of the others, capture rates are unique

to each tank. Due to practical limitations, a CTD sensor could only be placed in one of the

four storage tanks. Other tanks may have performed di↵erently than the one that was mon-

itored, thus providing either more or less water for school usage. However, in the absence of

the ability to measure capture rates for each tank, it was assumed that all tanks captured

water at the same rate. In addition, this calculation assumed that all water used at the

school was consumed as drinking water. In reality, it is likely a portion of the water was

used for cooking, cleaning, or other purposes. Lastly, the tanks may not have been uniformly

used. It could have been that the monitored tank was used more heavily than others.

Considering this uncertainty, it is unlikely each student actually consumed 1.6 liters of

water per day. That said, this calculation is a useful “order of magnitude” estimation of the

amount of water that was made available to students by the rainwater catchment system

built by EWB-OSU. Furthermore, it underscores the possibilities that are unlocked when

remote monitoring is employed in this kind of environment without the data gathered here

it would have been di�cult to know if the system was being used at all.
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Figure 4.1: Precipitation vs. water level in storage tank from August 1 to November 5, 2012
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Figure 4.2: Rainwater catchment system capture rate



Section 5

Discussion

The results from this case study demonstrate how remote monitoring can be used by inter-

national development agencies seeking to promote the sustainability of their projects. Both

this more narrow topic as well as the implications of this technology for wider policy are

discussed here.

5.1 Lela Community Water project

Remote monitoring allowed a student chapter of Engineers Without Borders to monitor the

performance of a rainwater catchment system post-implementation. In particular, it allowed

EWB-OSU to calculate the capture rate of the system, the amount of water captured and

subsequently used at the school, and to detect a major leak in one of the water storage tanks.

In addition to promoting sustainability internally, the information gathered by EWB-OSU

from remote monitoring may be passed on to other organizations planning similar projects

elsewhere.

The water leak that began on September 13, 2012 was shown quite clearly in the remote

monitoring data collected by EWB-OSU. It was merely by coincidence that the tank which

began leaking water was the tank equipped for remote monitoring. Had any of the other

three tanks sprung a leak, it would not have shown in the data. Alternatively, had remote

monitoring not been used at all, the leak may never have been known to EWB-OSU. This

is a case where the implemented system was only partially monitored, although partial

monitoring is clearly more informative than no monitoring. During a subsequent trip to

Lela by EWB-OSU, the leaking tank was investigated. As it turned out, a flush valve

installed at the bottom of the tank ruptured from the pressure of two meters of water stored

in the tank. None of the other three tanks had experienced this problem, fortunately. The

tank was repaired and the system resumed functioning normally. This was not confirmed in

27
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the remote monitoring data until the weather station was repaired in June 2014.

When EWB-OSU became aware of the leak in mid-September 2012, it was reported to

the chapter’s contacts in Lela who confirmed it. Interestingly, it was not until the issue was

brought up by EWB-OSU that the leak was discussed. At the time it was thought Lela’s

residents were weary of reporting any kind of failure to EWB-OSU, for fear the chapter would

abandon the community due to incompetence (despite assurances from the chapter to the

contrary). Therefore, in this circumstance it may well have been the case that EWB-OSU

would not have known about the leak if not for the ability to remotely monitor the rainwater

catchment system. Despite acknowledgment of the leak it was not fixed until EWB-OSU

returned to Lela the following year. This underscores the point that, when it comes to system

failure, knowledge is only half of the problem. Lela’s residents knew the storage tank was

leaking but somehow lacked the capacity to fix it.

As shown in section 4.1, the 21 rainfall events recorded before the tank leak in September

allowed EWB-OSU to calculate the capture rate of the rainwater catchment system. The

rate was shown to be 69%, significantly lower than the literature value of 80% that had been

assumed by EWB-OSU during the design phase of the project. This information presents

an opportunity for EWB-OSU to improve the performance of the system. The most obvious

targets are the seven instances in which the capture rate of the system was zero. It is worth

noting that four of these events occurred with rain events that lasted 10 minutes or less,

making it likely that the zero capture event was simply due to the fact that it didn’t rain

long enough for the rain to completely wet the roof. For the remaining three events, it

is impossible to know the reason for the zero capture rate from remote monitoring data

alone, however given the design of the system there are two likely possibilities. The first

is that the gutter connecting the school roof to the tank had a leak and thus water never

entered the storage tank during those rain events. Another possibility is user error. During

implementation, each water storage tank was equipped with a first flush pipe, designed to

improve water quality. In between rain events, dust and other contaminants accumulate on

the roof. The first flush pipe captures the initial roof runo↵ carrying these contaminants,

thus preventing them from entering the water storage tanks. Only once the first flush pipe

has filled does water begin flowing into the storage tank. At the bottom of each first flush

pipe is a screw cap that must be removed after each rain event to drain the first flush pipe.

However, if the screw cap is not replaced before the next rain event, the pipe will never fill

and no water will enter the storage tank (see Figure 5.1). Thus the capture rate will be

zero. In either case, knowledge of these “zero capture” events presents an opportunity for

EWB-OSU to investigate what went wrong and try to correct it (either through repairing

leaks in the gutter or re-training users how to operate the first flush pipes).
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In addition to capture rate, the water consumption rate among students using the rain-

water catchment system was also calculated from data provided by Lela’s weather station, as

shown in section 4.2. Despite the assumptions that went into the calculation, the estimation

is a useful order of magnitude guide to actual usage. That is, despite the uncertainty, the

estimate does show the school is actually using the water provided by the system and gives

a rough value of what that usage is per student.

5.2 Broader implications

Remote monitoring is one strategy within a broader movement in the field of international

development towards sustainability. To a great extent we are still determining how to achieve

sustainability in development projects. There is no greater example of this than the Millen-

nium Development Goals. Despite prioritizing sustainable access to safe drinking water for

the world’s population, the mechanism to track progress towards this goal (the number of

people with access to an improved water source) is inadequate. This is due to the fact that

an improved water source is not necessarily sustainable. If an organization drills a well that

grants access to safe water for a community of people, their water source is now considered

improved even if that water source breaks down within a year following implementation. To

know if a water source is sustainable, one must know if it is still working.

The three methods for evaluating sustainability discussed in this essay are: (1) remote

monitoring, (2) follow-up monitoring and evaluation, and (3) randomized control trials.

Each comes with its own set of advantages and disadvantages. (Recall that these techniques

are only mutually exclusive when used to evaluate an independent intervention; remote

monitoring could be thought of as an intervention in itself). Remote monitoring shows in near

real-time the status of a project without the need for a site visit. But a sensor must exist that

is capable of monitoring that system. Follow-up monitoring and evaluation means returning

to a project site to investigate the status of the project. This method is expensive because

an organization’s sta↵ member or members must travel back to the project site. Lastly,

randomized control trials are useful for determining which interventions have the greatest

impact. However, they can’t tell you the status of a single instance of an intervention in

near real-time. In other words, RCTs are great for measuring the overall impact of building

rainwater catchment systems, but they can’t tell you if Lela’s rainwater catchment system is

still working or what percentage of available rainfall the system is capturing. There is also

the question of external validity of RCTs (will an intervention shown to be e↵ective in Ghana

have the same impact in Kenya?). These methods are not mutually exclusive and could be

more or less appropriate depending on the situation. In theory, all three could be used for
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a single intervention. For example, say an RCT had proven the impact of drip irrigation

systems used by smallholder farmers. An organization implementing drip irrigation systems

could use remote monitoring to track the performance of their systems and also conduct

follow-up evaluations to create a more complete picture of what was happening in the field.

In reality, it is unlikely international development organizations would be able to implement

all three evaluation tools, and would likely need to select the best tool given their own set

of constraints.

5.3 Limitations of remote monitoring

The unfortunate failure of Lela’s weather station demonstrates one weakness of remote mon-

itoring: it is only as reliable as the sensors you have in the field. A critical failure such as

that of the solar panel powering the weather station renders the whole monitoring system

useless. Implied by the fact that remote monitoring is being used is the fact that it may not

be convenient to revisit the project site to carry out repairs. That was exactly the case in this

situation and explains the reason 18 months passed before the weather station’s solar panel

was replaced. Robustness of remote monitoring equipment is thus of critical importance.

It is also possible for failure to occur due to theft, another potential weakness of remote

monitoring. To prevent this, sensors should be installed in secure areas where they will be

monitored and protected. In the case of EWB-OSU’s project, the Lela Primary School has

served this purpose and theft has not been a problem.

In addition to potential failure of equipment, remote monitoring is also limited by the

suitability of an installation site. For example, where data transmission is impossible due

to the lack of a local mobile network, remote monitoring is not feasible. This is potentially

problematic for the reason that areas lacking mobile network coverage may be the areas

in most need of intervention. For example, many parts of the arid and sparsely populated

Turkana region of Kenya currently lack mobile network coverage. Meanwhile, the Turkana

people su↵er frequent droughts and often lack access to sources of safe water. Of all the

people in Kenya, they may be in greatest need of interventions to provide safe water and yet

remote monitoring is not feasible in their area. Fortunately this issue will be diminished as

telecommunications networks continue expanding around the world.

Lastly, despite the creative use of sensors demonstrated by practitioners of remote moni-

toring (e.g. embedding an accelerometer in a bar of soap), there remains the fact that some

interventions cannot be measured simply due to the fact that an appropriate sensor does not

exist. In general, infrastructure projects or those that entail physical implementation lend

themselves to being remotely monitored. Interventions that focus on education, capacity
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building, or outcomes social in nature are more di�cult to monitor with sensors.

5.4 Localized responsibility

In addition to the potential for use in tracking larger trends and progress towards interna-

tional goals, remote monitoring is also useful on a localized scale. Currently, most organi-

zations recognize the role of local capacity in predicting the sustainability of international

development projects. However, building local capacity can be a very complicated and time

consuming endeavor. An approach that works in one community may be a complete failure

in another. While capacity building and training is no less important, remote monitoring

can supplement such e↵orts. Take the example discussed previously of village-level operation

and maintenance of wells. Training users to maintain a well long-term is often not successful.

People come and go from a village, training is forgotten, and tools are misplaced. Instead of

relying on this approach alone, imagine if a regional management o�ce tracked the status

of all wells in their jurisdiction using remote monitoring. Then if a well failed, a technician

could be sent to repair it without any local users ever being required to mobilize the e↵ort

or attempt a repair themselves (which can often make things worse). Remote monitoring

could also be used to promote accountability. In the same example given, imagine a na-

tional agency that could track the performance of all district water managers with remote

monitoring data (e.g. the percentage of wells in their region that are functional). At an

organizational level, implementers could use remote monitoring as evidence of the e↵ective-

ness of their work to help drive donations or grant funding. They could also of course use

remote monitoring to monitor where and why breakdowns occur; learning from such events

could improve outcomes for future implementations.

Remote monitoring also has advantages from a scientific or research-oriented perspective.

This essay has examined data from only one installation site. But if remote monitoring was

scaled up to the point that hundreds or even thousands of systems were monitored, it would

enable analysis on a new scale. Researchers could begin examining larger trends within the

data to begin predicting events rather than just observing them. For example, if robust

remote monitoring data revealed critical usage rates that caused failure in wells, researchers

could develop best practices; technicians could then be sent to do preventative maintenance

as critical periods approached instead of simply waiting for the well to fail. Another exam-

ple is that researchers could investigate how regional di↵erences, socioeconomic factors, or

implementation strategies a↵ect performance in the field. The research possibilities increase

exponentially as more systems are monitored across space and time.
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5.5 Cost e↵ectiveness

The cost of remote monitoring varies widely depending on the type of project being moni-

tored. The cost will rise greatly as the sophistication and number of sensors increases. The

question is whether or not these costs are worth the increased knowledge of system perfor-

mance and, possibly, failure. In the case of monitoring Lela’s rainwater catchment system,

the total cost of the sensors was approximately $1,500 USD. Clearly monitoring data gave

EWB-OSU the opportunity to measure the actual performance of the system, including de-

tecting a major leak. In this case, it is not clear this resulted in any on-the-ground changes,

since the leak was not repaired until EWB-OSU returned to Lela.

That said, one can readily see how such information could be valuable given the impact

failure can have in a community. Consider the hypothetical scenario where detecting the

leak in Lela’s rainwater catchment system led to EWB-OSU quickly diagnosing and repairing

the system. Based on average rainfall levels in Kenya and the measured capture rate of the

system, this would have resulted in approximately 70,000 additional liters of water stored

and made available for consumption that were instead lost to the leaking flush valve. Given

the amount of time it would have taken students to collect the same volume of water from the

next closest water source (about 348 hours), the value of the students’ time that would make

the remote monitoring system cost-e↵ective is $4.31 per hour. While lower than the minimum

wage in the U.S., this is actually a relatively high value of labor for Kenya. However, it is

dependent on the fact that the next closest water source is a well EWB-OSU commissioned

that is only a quarter kilometer away from the Lela Primary School. The second closest

water source is in the neighboring village, a full three kilometers away. At that distance,

which is more typical for the region, the equivalent value of student time drops to only $0.36

per hour.

In general, remote monitoring becomes extremely valuable when failure leads to dire

consequences for those dependent on the system being monitored. For example, if an entire

community depended on a single well (which is often the case in sub-Saharan Africa), the

loss of that well would mean that dozens or even hundreds of families would have to walk

significantly further to gather water. At even trivially low values on time, remote monitoring

would easily be cost-e↵ective in such scenarios.
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Figure 5.1: Water storage tank at Lela Primary School with first flush pipe visible
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Conclusion

Many international development projects fail due to a lack of operation and maintenance

capacity. A prime example of this is the estimated 250,000 broken wells scattered across

the African continent. Development practitioners today are taking this problem seriously by

focusing on sustainability. How best can sustainability be achieved given the rural setting of

the vast majority of development projects intended to serve the world’s poor? This essay has

placed remote monitoring in the toolbox of evaluation techniques for development organiza-

tions to use to solve this problem. Leveraging the ever-expanding global telecommunications

network, which today reaches 96% of households in the world, remote monitoring is a robust

and flexible technique for getting critical data into the hands of those with the capacity to

ensure development projects are not forgotten.

In the absence of e↵ective monitoring systems, villages around the world have been asked

to create water committees and management groups to oversee the operation and mainte-

nance of new infrastructure within their communities. This is a responsibility unique to the

poorest of the world that they must maintain their own water supply. Those of us fortu-

nate enough to live in the developed nations of the world rarely if ever are asked bear this

responsibility. We simply turn on a tap to instantly receive an abundant supply of chlori-

nated, clean water. Predictably, asking overworked and undereducated people to manage

their own water supply has yielded mixed results. Village-level operation and maintenance

(VLOM) groups are notorious for being improperly operated. In the worst-case scenario,

VLOM organizations are created as a cover for communities who want to receive investment

from development agencies but must satisfy prerequisite criteria for doing so. Disrupting

this dynamic is possible if the responsibility for management of water sources is shifted to

regional managers, such as district-level water ministries. What these o�ces need is data to

inform the focus of their technicians. Remote monitoring can deliver this data. If a techni-

cian knew the status of all wells in their district, he or she would be able to e�ciently travel

34
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from one broken water point to the next. The data system could be configured to include

metadata for each water point, such as the type of well installed, maintenance records, and

important points of contact.

Such a system would drastically alter the social and economic dynamics of managing

water sources in developing countries. From the perspective of VLOM groups, instead of

struggling to fundraise money and track down replacement parts every time a well breaks

down, they simply wait for the technician to come repair their well (presumably the techni-

cian has already been made aware of the breakdown). This raises questions about account-

ability, since there is no recourse for each individual village over the regional manager in this

scenario. Ideally accountability would be established at a national level, with a system setup

to track performance at a local level. While broad in scope and potentially complicated

politically, this system is not inconceivable.

The Millennium Development Goals framework, despite its general success in rallying the

world behind common goals to address poverty, has failed to adequately incorporate sustain-

ability into its metrics for success. Specifically, the contradiction between stated goals and

progress in the field needs to be resolved by incorporating sustainability as a measured com-

ponent of new water sources. This would address the glaring di↵erence between improved

water sources and sustainable water sources, which are currently conflated within the MDG

framework. The UN’s Joint Monitoring Programme, tasked with tracking progress towards

MDG water and sanitation targets, has admitted they need to improve indicators for ac-

countability and sustainability (Joint Monitoring Programme, 2012). Others have suggested

using systematic water point mapping methodologies such as GPS and GIS for redefining

water access indicators (Jimnez & Prez-Foguet, 2008). Combined with remote monitor-

ing, such methodologies could be the basis of a complete overhaul of the Joint Monitoring

Programme’s definition of water access, safety, and sustainability.

Returning to the “great debate” within the field of international development, as de-

scribed in section 2.4, Je↵rey Sachs argues the poor are stuck in poverty traps that, without

intervention, will hold them back from ever getting a foot on the ladder of economic oppor-

tunity. It is therefore the responsibility of the developed nations of the world to assist the

poor in establishing basic levels of education, health care, and infrastructure that will pave

the way for more independent growth and development in the future. Easterly contends

that such aid projects are rarely successful and don’t actually produce any long-term results

since they do nothing to alter the fundamental conditions of a country. Instead, he argues

for market-based approaches to development that he argues will stimulate growth internally

without the need for external intervention.

Both sides agree on a few fundamental aspects of the situation. Yes, there are millions of
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people around the world lacking economic opportunity, basic public health, access to roads

and infrastructure, and decent schools for their children. Coming from the same discipline

of economics, both Sachs and Easterly agree something needs to be done to fix the problem.

However, the competing diagnosis of the root cause of poverty leads to drastic di↵erences in

prescriptions for how to end it. Easterly’s argument rests of the ine↵ectiveness of aid. He

says fighting poverty is the white man’s burden, compelling us to action but not necessarily

in ways that lead to sustainable development.

The onset of new tools for monitoring and evaluation does not bode well for Easterly’s

case. It becomes di�cult to argue against drilling wells, distributing mosquito nets, or

deworming children when the impact of such interventions can be demonstrated through

RCTs and monitored with remote sensors. In that respect, this essay plants itself firmly on

Sachs’ side of the fence. However, this essay is also a critique of the “build it and walk away”

method of international development which has been practiced by many organizations over

the years and has given merit to Easterly’s argument that aid doesn’t work. If that were the

only way in which international aid could be delivered, it would be best to do nothing. Failed

projects are disruptive to the lives of the poor and contribute to fatalistic beliefs about their

predicament. Fortunately we are now armed with tools that allow us to ensure development

projects are not forgotten once they are implemented. Doing so will ultimately grant the

poor the greatest chance of lifting themselves out of the poverty traps in which they are

indeed currently stuck.

Regardless of this debate, which is not likely to be settled by this essay alone, remote mon-

itoring is a breakthrough technology with broad implications for monitoring and evaluation

within the field of international development. This essay has demonstrated this approach

using the case study of a rainwater catchment system build in Lela, Kenya and remotely

monitored by a student chapter of Engineers Without Borders USA. Using solar-powered,

GSM-enabled sensors including a pressure transducer located in one of four water storage

tanks allowed the chapter to monitor the usage and capture rate of the system remotely post-

implementation, creating the opportunity for intervention when the system partially failed.

At a cost of approximately $1,500 USD, such a system has the potential to be cost-e↵ective

in a variety of settings. Adopted widely, remote monitoring could provide data critical for

e↵ective management of poverty interventions around the world.
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