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Introduction

As climate change is on the rise, the world is faced with the challenge of a dwindling
freshwater drinking supply. In general, humans can survive several weeks without food:;
however, humans are only able to survive around three days without water. Even in today’s
modern age, people must travel great distances to reach a clean water supply. It is estimated that
worldwide, women and children spend around 200 million hours collecting water daily
(UNICEF, 2018). However, challenges behind water scarcity often arise from political disputes
rather than the geographic characteristics of a region.

Today, several third-world countries struggle with water crises - all of which one country
particularly stands out: Ethiopia. The country of Ethiopia stands at the crossroads of a critical
challenge that transcends its borders — transboundary river management. Ethiopia’s water
resources, primarily fed by the Blue Nile and other transboundary rivers, play a pivotal role in
the nation's economic, social, and environmental sustainability. As these rivers cross multiple
nations, the demand for cooperative and diplomatic frameworks for sustainable management is
heightened. The STS portion of this paper will explore the impact of public policy regarding
shared transboundary rivers on Ethiopia’s water resources.

Additionally, 1 will draw parallels between the issues of global water scarcity to my
secondary technical project. This project will focus on implementing a desalination plant in New
Orleans, Louisiana due to rising concerns of increased salt concentrations in the downstream
portion of the Mississippi River. Desalination is the process of lowering salt, and other metal
contents in saline water to levels pure enough for drinkable, agricultural, and industrial use.
Although desalination plants are costly, both environmentally and economically, they can

provide clean water supplies to those who lack the resources to reach them.



Technical Topic

Several countries across the globe struggle to access uncontaminated, drinkable water for
irrigation, sewage, and industrial means. Of those countries, most of them are considered third
world; however, the United States has a water crisis of its own. According to Time Magazine as
of 2023, “nearly half a million U.S. households lacked complete plumbing, while many more
were living in communities with unclean water.” (Nelson, B et. al., 2023). After further research
into America’s potential water crisis, Louisiana seemed to stand out in front of the other forty-
nine states all because of one river: the Mississippi.

The Mississippi River begins in Lake Itasca, Minnesota, and runs down the
Midwest. It eventually pours into the Gulf of Mexico right below New Orleans, Louisiana
(Mississippi Headwaters Board, 2019). Every year, saltwater from the Gulf of Mexico creeps
into our nation's freshwater river. Not only does this endanger marine life and local ecosystems
located close to the river, but also threatens Louisiana's source of clean water. In recent years, an
augmented sill made from sand has been formed to mitigate the Gulf’s saltwater from making its
way farther up the river. The US Army Corps of Engineers explains that a sand sill constructed at
a proper height of the rivers’ streambed can reduce incoming saltwater flow. (USACE, n.d.).
However, this solution is not efficient enough to solve the problem entirely. “That said, the sill is
designed to only buy more time and not meant to altogether prevent the saltwater wedge from
proceeding upriver. The low flow remains the problem and the wedge will top the sill without
more flow.” (SPHTM Communications., n.d.). A desalination plant might just be the right
solution for this dilemma.

Desalination is a salt removal process from saline water supplies to produce clean

drinkable water. This type of plant will aid in a new source of drinking water for New Orleans



given that the Gulf continues to creep. This might be the answer however, one of the main
concerns associated with this type of plant is the production of excess brine waste. Currently, the
world produces almost 27 billion gallons of water per day using desalination, which leaves a
similar volume of concentrated brine leftover; most of which is pumped back out to sea. (MIT
News, 2019). Instead of disposing of the brine waste, it could be further treated to produce
fertilizer to promote local plant growth. Ultimately, this plant will solve many issues for
Louisiana by producing clean water and fertilizers.
Purpose

According to the World Health Organization (WHO), “[approximately] 2.2 billion
people around the world do not have safely managed drinking water services, 4.2 billion people
do not have safely managed sanitation services, and 3 billion lack basic handwashing facilities”
(World Health Organization, 2019). However, the implementation of desalination plants could be
a step towards a solution. Today’s desalination technology is controversial due to its impending
environmental hazards and costly overhead. In general, the quantity of drinking water that these
plants produce is almost equivalent to the waste they create. This waste is generally produced in
the form of concentrated brine as a byproduct of reverse osmosis (RO). Conventional methods
have typically pumped this brine waste back into the ocean; however, this method not only
disturbs marine life but also exacerbates climate change by significantly increasing the salinity of
the water. Our motivation for this project includes the following: providing a clean water source
to residents of New Orleans, LA; and utilizing excess brine waste as a renewable resource.
Overall, by the end of this project, our desalination plant will be able to produce sufficient
drinking water for the population of New Orleans while also utilizing excess brine waste as a raw

material for fertilizer.



Technical Problem

This project consists of treating seawater from the Gulf of Mexico to create drinking
water and agricultural fertilizer for the city of New Orleans. To start, the salty seawater will go
through a pretreatment process. During this phase, the water will undergo coagulation, pH
adjustments, filtrations, and disinfection as shown in Figure 1. Filtration using granular media
and low-pressure membrane filtration have been selected as the desired filtration methods due to
their regular and supported use (Prihasto, 2009). Following the pretreatment stage, the newly
treated seawater will undergo reverse osmosis (RO) to remove the salt and other contaminants
from the seawater. RO will result in two outlets: brine solution and fresh water, each to be used

for a different purpose.

Coagulants

Seawater J

H . . , . L
from Gulf Ad'l}ljstment 4{ Filtration —= Filtration —* Disinfection
of Mexico y l

Water
Reverse
Osmosis
Salt Brine

Figure 1. Pretreatment Process for the Seawater to Going Through RO

The salt brine solution will undergo various filtration processes in addition to being
mixed with phosphoric acid and ammonia to create fertilizer that can be used in agriculture in
New Orleans. Although fertilizer mixtures can be made alone by just mixing ammonium and
phosphoric acid, the use of salt brine in fertilizer production aids in solubility, pH adjustments,
and nutrients availability. Salt brine can help to dissolve and solubilize the ammonium and
phosphoric acid components. This enhances the overall solubility of the fertilizer mixture,

making it easier for plant uptake when applied to the soil. Along with this, the pH level of



fertilizers is crucial for plant nutrients uptake. By mixing in the salt brine, the salt brine can be
used to adjust and control the pH of the mixture, ensuring that the final product is suitable for the
targeted crops and soil conditions. The salt brine can also influence the availability of nutrients in
the soil. For example, the presence of certain ions from the salt brine may enhance the mobility
and uptake of nutrients by plant roots.

This process was inspired by the work of William B. Hughes. He proposed a process that
consisted of taking oil field waste brine, adding both phosphoric acid and ammonia, and then
drying out the filtered brine to form a result of ammonium phosphate precipitate fertilizer and
salt (Hughes, 1984). We will be using a similar approach but instead of using oil field salt brine,
we will be using the salt brine from our reverse osmosis process. This process is laid out in more

detail in Figure 2.
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Figure 2. Salt Brine to Fertilizer Process

Furthermore, post-treatment will be required for water exiting the initial RO to maintain
potable water standards. Post-treatment consists of recarbonation, chlorination, and pH
adjustments. After post-treatment, fluoride and lime will also be added to the water to improve

quality of taste as per the “2022 Annual Water Quality Report” put out by Sewerage & Water



Board of New Orleans (Reports, 2022). The proposed idea for the post-treatment process can be

found below in Figure 3.
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Figure 3. Post Treatment Process Forming Drinking Water

This project will be conducted in a team setting with the help of our advisor,
Professor Eric Anderson, over the course of two semesters in Chemical Engineering classes 4474
and 4476. Our group will use Aspen Plus, a chemical process modeling tool, along with
MATLAB and other hand-written calculations to evaluate the design of the desalination plant.
As a team, we have decided to meet each week to discuss and report new information while also
promoting team input for more diverse perspectives. Project-related tasks will be delegated to
each member to break up large amounts of research and technical work to ensure each member is
playing a part in the design of this plant.
STS Topic

According to Rebecca Shore, “During Colonial times, the Nile River and its tributaries
were split up between the nations surrounding it [Sudan and Egypt]. However today, some
Ethiopian farmers are finding themselves without access to water for irrigation because of the
way the river was divided hundreds of years ago” (Shore, 2023). It’s important to understand that
even today’s politics play a role in Ethiopia’s water crisis. This section will focus on the political

factors that influence the implementation of diplomatic agreements regarding transboundary



river management in Ethiopia. In my paper, | will aim to answer the following question: “How
do political factors shape the impact of shared transboundary rivers on Ethiopia’s water
resources and management strategies?” To achieve this, I will be examining countries that are a
part of the Nile Basin Initiative including, but not limited to Egypt, Sudan, South Sudan, and
Kenya (Who We Are, 2023). It is my goal to find the political motivations of each of these
countries and how that affects Ethiopia’s access to a freshwater supply. Additionally, | will be
using the SCOT, or Social Construction of Technology framework to support my findings. More
specifically, 1 will be using this framework to explore the roles of different political actors in
shaping water management and water-related resources across the borders of Ethiopia. Using the
SCOT framework, | aim to uncover the intricate relationships and negotiations that occur within
the political landscape of Ethiopia and surrounding countries, in hopes of shedding light on how
these interactions shape Ethiopia’s water policies and management strategies. During my time
researching this topic, | expect to come across some challenges or limitations. These challenges
may include language barriers in documentation, unbiased government resources, or limited
access to data. I plan to overcome these challenges by relying on a diverse range of sources
including both international and non-governmental organizations to cross-reference with
potentially biased sources. Additionally, I will utilize academic networks to help connect with
researchers who are familiar with the policies surrounding water management across Ethiopia’s
borders.

Finally, my timeline for this project will begin in mid-January 2024, as | continue to
search and gather resources that will help convey my argument. | plan to have the first draft done
by mid-February 2024 and a finalized copy by March with the help of my STS advisor and other

professors who are knowledgeable on the subject.



Key Texts

“The political context of change in transboundary freshwater agreements” by Hussein et.
al. is an article that provides insights into how political factors impact agreements and policies
related to shared water resources. This will help me incorporate knowledge of the general
political dynamics that shape transboundary river management from a holistic perspective, rather

than a specific region or country surrounding Ethiopia.

“Ethiopia’s Nile Dispute Runs Deeper than Physical Resources” by Holcomb C. Y. is a
paper that explains the complexities of Ethiopia’s Nile dispute, highlighting that the conflict
extends beyond just physical resource allocation. Additionally, it explores the history of both
political and socio-economic dimensions that contribute to the ongoing tensions surrounding the
Grand Ethiopian Renaissance Dam. This resource will help highlight the factors that influence

negotiations and policy changes regarding Ethiopia’s river management.

“The Nile Treaty — State Succession and International Treaty Commitments: A Case
Study of The Nile Water Treaties” by Arthur Okoth-Owiro. The purpose of this document is to
explore the legal positions of successor states regarding international treaty commitments.
Moreover, it clarifies the historical significance of why the Nile Treaties were created in the first
place and where they are headed as policies change or more states are added. This passage will
help provide historical context to my paper, as well as present the validity of colonial-era treaties

in today’s world.



“Mutually beneficial and sustainable management of Ethiopian and Egyptian dams in the
Nile Basin” by Habteyes G. B. et. al. discusses the challenges related to transboundary river
management by specifically addressing the Grand Ethiopian Renaissance Dam along with the
downstream impacts on Eastern Nile Basin countries. This will help me argue the need for new
diplomatic negotiations that align with transboundary water management for Ethiopia.
Conclusion

The objective of the technical project will be to design a desalination plant located off the
Mississippi River in New Orleans, Louisiana. Additionally, the brine waste created by this plant
will be recycled to form an ammonia phosphate-based fertilizer to help promote local agriculture.
The STS research paper will primarily focus on the political factors influencing transboundary
river management in Ethiopia. As for methodology, the Social Construction of Technology
(SCOT) framework will be used to analyze the role of different political actors that shape water
management across Ethiopia’s borders. Finally, the results of both the technical and STS portion
of this project will address the need for action against the global water crisis driven by

population growth, climate change, and politics.
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