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Abstract: This thesis aims to demonstrate that the world system of agriculture is not 

functioning at optimum capacity to nourish the world’s population properly. Due to the 

author’s passion about Brazil, it will focus on that area, although it can be applicable to 

many other world regions. The core intent is to offer aquaponics as an alternative 

agriculture system that is viable in the developing world, and in particular Brazil. This 

thesis also serves as a proposal for the continuation of the research and development of the 

theory that aquaponics is a viable tool for sustainable community development. 

 

What is the problem? 

 

 Although there is estimated to be enough food being produced to completely 

nourish the seven billion and counting human beings of planet Earth, this food is entirely 

inaccessible to the poorest populations. It is estimated that there are 805 million 

chronically undernourished people worldwide of all ages. Considering that over half of the 

planet’s land is used for food production, this is unacceptable. As the human population 

continues to grow, it is imperative that we intensify production on the land already used 

rather than continuing to expand outwards.  

Malnutrition plays a fundamental role in the vicious cycle of structural violence. 

Without access to the right nutrients, over two billion people are affected by sluggishness, 

lack of productivity, higher disease risk caused by weakened immune systems, mental 

impairment caused by poor nutrition during pregnancy, stunting, and growth failure. 2/7 

of the population is not eating the food they need to lead happy and productive lives. This 

will cause increased financial strain on a household. The sick person will be forced to stay 
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home and thus not make the money that the family needs to feed itself. If medicine is 

required, this financial burden might have to be placed on a school–aged child, who then 

will skip school to find a job to make ends meet. In turn, this child will be less likely to find 

a well-paid job because of the lack of education. In turn, this individual will have a hard 

time making ends meet, resulting in poor nutrition. The lack of access to inexpensive 

vegetables and proteins is inhibiting the nutritional wellbeing of communities around the 

world. 

 

Case Study: The Effects of Food Insecurity on HIV and AIDS in Brazil: 

 

HIV and AIDS are on the rise in Brazil. Approximately 530,000 people are currently 

living with the virus, and although the rate of associated mortality is diminishing, the 

number of Brazilians living with HIV/AIDS is increasing. According to UNAIDS, the current 

prevalence rate is (0.4-0.5)%.  Food security plays an important role in the rising 

prevalence rates of these viruses. Not only does Food security increase risky behavior 

leading to an increased transmission rate, but it also decreases education levels of a 

population which in turn results in an increased prevalence. HIV and AIDS are directly 

linked to food security, and both are prominent in Brazil. 

The World Health Organization defines food security as, “when all people at all 

times have access to sufficient, safe, nutritious food to maintain a healthy and active life”. 

According to the WHO, there are three pillars of food security: 

 Food availability: sufficient quantities of food available on a consistent basis. 
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 Food access: having sufficient resources to obtain appropriate foods for a nutritious 

diet. 

 Food use: appropriate use based on knowledge of basic nutrition and care, as well as 

adequate water and sanitation. 

               Despite the fact that Brazil is a large agriculture power, income inequality 

results in widespread poverty. Approximately 35% of Brazilians make due with less 

than two dollars a day. Poverty directly results in food insecurity, which in turn results 

in increased prevalence of HIV and AIDS. 

“Lack of food security and poor nutritional status may hasten progression to 

AIDS-related illness, undermine adherence and response to antiretroviral therapy, and 

exacerbate socioeconomic impacts of the virus. HIV infection itself undermines food 

security and nutrition by reducing work capacity and productivity, and jeopardizing 

household livelihoods.” And thus it is a vicious cycle. Lack of food security result in an 

increase of “risky behavior.” This risky behavior, which is defined by the Medical 

Dictionary as, “A lifestyle activity that places a person at increased risk of suffering a 

particular condition, illness or injury,” can include anything from involvement in illegal 

drugs and drug business, to prostitution. This behavior increases likelihood for HIV and 

AIDS. Once an individual has HIV or AIDS, not only are they spending money that they 

might’ve otherwise spent on food on medication instead, but also the result is 

weakness and a loss in productivity, which results in lower income levels and increased 

food insecurity. Thus, food insecurity potentially results in HIV and AIDS, which result 

in less food security. 
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Furthermore, lack of food security results in lesser education, which in turn results 

in food insecurity. Children without food security are sometimes forced to work, rather 

than attend school regularly in order to survive and help support their families. This has a 

consequential effect of increased prevalence rates of HIV and AIDS, as increased education 

has a decreasing effect on the virus. The World Bank states, “The education of children and 

youth merits highest priority in a world afflicted by HIV/AIDS. It merits priority because a 

good basic education itself ranks among the most effective—and cost-effective—means of 

HIV/AIDS prevention.”  

Additionally, a lack of education means less future job security. In Brazil, only 74% 

of male children and 80% of female children attend secondary school. Children with 

inadequate educations are significantly less likely to be hired for high paying positions in 

the job market later in their lives. This unemployment, or lack of high paying job is then the 

cause of food insecurity, which again results in HIV and AIDS. The cycle is vicious and if it is 

going to stop it has to be prevented at the root of the cause, and not merely treated for its 

symptoms. 

Food insecurity results in less education, which directly results in increased 

prevalence rates of HIV and AIDS as well as more indirectly leading to lower income levels 

and more future food insecurity, which can result in HIV and AIDS, which then result in less 

food security. In this paper, I used the example of Brazil, but really these issues are 

pertinent all over the globe. This is the structural violence of the HIV/AIDS illness. 

“Structural violence is one way of describing social arrangements that put individuals and 

populations in harm’s way… The arrangements are structural because they are embedded 

in the political and economic organization of our social world; they are violent because they 
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cause injury to people … neither culture nor pure individual will is at fault; rather, 

historically given (and often economically driven) processes and forces conspire to 

constrain individual agency. Structural violence is visited upon all those whose social status 

denies them access to the fruits of scientific and social progress.” 

For the cycle to end, radical change needs to occur on many levels of the institution. 

Education needs to become a priority for all of society. The nutritional demands of any 

given population needs to be addressed. Social inequality needs to come to an end. In order 

for viral epidemics to cease, social injustice must also come to an end. 

Why care? As Peter Diamandis states in Abundance Is Our Future, “Pandemics do 

not respect borders. Terrorist organizations operate on a global scale, and overpopulation’s 

everybody’s problem. What’s the best way to solve these issues? Raise the standards of 

living. Research shows that the wealthier, more educated, and healthier a nation, the less 

violence and civil unrest among its populace, and the less likely that unrest will spread 

across its borders. As such, stable governments are better prepared to stop an infectious 

disease outbreak before it becomes a global pandemic. And, as a bonus, there is a direct 

correlation between quality of life and population growth rates-as quality increases, birth 

rates decrease. The point is this: In today’s hyperlinked world, solving problems anywhere, 

solves problems everywhere.” (Diamandis 2012) 

 

Fighting poverty in Brazil: Bolsa Familia: 

 

Brazil is fighting poverty with a conditional cash transfer program, called Bolsa 

Familia. When children go to school and get vaccinated, the family becomes eligible for a 
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monthly stipend to help pay expenses. But if Bolsa Familia is available to all who need it, if 

it is pulling the extreme poor into the middle class with brute force, than why does poverty 

continue to exist in Brazil? There are still an estimated twelve million people who live in 

severe food insecurity in Brazil (Oxafam 2011). The ineffectiveness of Bolsa Familia is in 

large part caused by the lack of coordination within the strongly decentralized, clientelistic 

governmental system, which is inhibiting the comprehensive coverage of the program. 

Furthermore, there are certain criteria that exclude many Brazilians from gaining access to 

the aid that they so desperately need. This spectacularly functional social program may 

provide the money needed to buy nourishment, but if vegetables aren’t accessible in a 

region, that region will still have poor nutrition. 

The criteria for Bolsa Familia are preventing some of the most desperate Brazilians 

from gaining access to what they need to exit the category of extreme poverty. Many 

farmers in the North East of Brazil don’t receive Bolsa Familia. This is because they own too 

much land to qualify for the benefits. Their land is extremely arid, they don’t have enough 

water to farm or even to drink, and what cattle they have are starving alongside the 

farmers themselves. But since they own this land, it is considered their wealth (Curta 

2014). They are extremely food insecure, but their land wealth prevents them from gaining 

access to the government program that was put in place to aid Brazilians like them. A more 

extensive survey of the land quality and capabilities could adequately decide whether or 

not these individuals should receive help from this program. If the criteria in Bolsa Familia 

didn’t put as much emphasis on land propriety, maybe these farmers could feed their 

families and themselves.  
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After receiving the cash transfer, it is taken for granted that there is fresh food 

available to purchase, however this is not necessarily the case. Access to food is the leading 

problem in Brazil, one of the leading agricultural exporters. This is because regions like the 

Northeast (Nordeste) don’t have the consumer power of China. Regions without access to 

inexpensive, fresh produce, will buy rice, beans, and cassava, instead. This creates a 

malnourished population, regardless of the quantity they eat. Both obesity and diabetes are 

rapidly growing throughout the country. Inexpensive and high efficiency, local production 

could provide the produce required to combat these issues. 

As previously mentioned, there continues to be approximately twelve million people 

in Brazil who are considered to be living underneath the extreme food-insecurity 

threshold. A program that offers as much, and grants as easy an access to benefits should 

eradicate this hunger. However, due to unsuccessful criteria, along side an uncoordinated, 

clientelistic bureaucracy in place, and the lack of inexpensive produce available to those in 

need, it is not optimizing its levels of functionality in reaching these goals. Bolsa Family 

achieves substantial results, but has not yet accomplished its goals. 

 

Environmental Effects of the Current Agriculture Industry: 

 

Agriculture and the environment are completely interdependent. Our high-intensity, 

wide spreading agriculture industry has played an enormous role in the pressing climate 

change predicament. Extensive land use, deforestation, loss of biodiversity, depletion of 

acres of soil nutrition, accelerated soil erosion, soil salinisation, water pollution, and ocean 

acidification are all direct results of our current and past agriculture systems. In return, 
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climate change is heavily impacting how we will manage to feed ourselves in the future. 

Climate change brings water scarcity, drought, and changing weather patterns. If we don’t 

figure out innovative solutions, we are going to have major problems moving forward. 

The UN states, “With expected increases in population, by 2030, food demand is 

predicted to increase by 50% (70% by 2050) (Bruinsma, 2009), while energy demand from 

hydropower and other renewable energy resources will rise by 60% (WWAP, 2009). These 

issues are interconnected – increasing agricultural output, for example, will substantially 

increase both water and energy consumption, leading to increased competition for water 

between water-using sectors.” The agriculture industry is reportedly consuming over 40% 

of the Earth’s land surface, and over 70% of the planet's marine stocks are fully exploited 

or overexploited. . In its current state it is energy, resource, and water intensive.  

“Water for irrigation and food production constitutes one of the greatest pressures 

on freshwater resources. Agriculture accounts for ~70% of global freshwater withdrawals 

(up to 90% in some fast-growing economies). Water access is steadily becoming scarcer 

every year. “Water availability is expected to decrease in many regions. Yet future global 

agricultural water consumption alone is estimated to increase by ~19% by 2050, and will 

be even greater in the absence of any technological progress or policy intervention.” (UN)  

Paul Polak discusses the reoccurring themes of resource inaccessibility and 

dependency on outdated livelihood systems in his book, Out of Poverty. A World Bank 

report supports his, noting that “three of every four poor people in developing countries 

live in rural areas … and most depend on agriculture for their livelihoods.” As Polak states 

in the book, “most of these extremely poor people … can earn much more money by finding 

ways to grow and sell high-value, labor-intensive crops” He advocates for better 
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technologies and more available information in order to facilitate the process of progress. 

Polak spends a lot of time discussing the necessity of irrigation, but how will we continue to 

irrigate farms when streams stop flowing? We cannot simply solve the problems of today; 

we need to solve today’s problems with solutions that will still work tomorrow. 

Development strategy must consider the impeding detriment of our planet and our rapidly 

diminishing resources, in order to be sustainable. 

The current food system is not adequate in meeting the fundamental qualitative 

needs of the human population. It is using too much energy, too much water, and too much 

land to inadequately feed too few people. The implementation of existing technology can 

reduce poverty, food insecurity, and minimize further detriment to our beloved planet, 

from which we are sustained. I recommend a new approach: commercial aquaponics! 

 

Aquaponics: An Overview: 

 

 Dr. Ebeling states in his report on Boutique Aquaponics design, that “each year, the 

pressure on the natural fisheries increases and yields decrease, due to overfishing and 

widespread environmental degradation. Many historical species have been over-harvested 

and are threatened with near extinction. Yet the demand for fisheries products by 

consumers continues to increase, due to a higher demand by both a growing population 

and a more affluent and health conscience consumer. As a result, aquaculture is the fastest 

growing segment of agriculture.” (Ebeling 2013) 

Auquaponics is the combination of hydroponics and aquaculture. This system 

combines the technology for controlled environment agriculture production with fish 
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cultivation. Aquaponics is a highly efficient system, which combines the two systems in 

order to optimize the end products of fish and produce while minimizing the input of water 

and nutrients. Fish emulsions water is pumped from the fish tanks and passes underneath 

the plants, providing them with the necessary nutrients. The plants then reoxygenate the 

water, which is filtered and pumped back into the fish tanks, thus reducing waste and 

environmental impact. This agricultural method is estimated to use 1/10th of the water of 

plants grown in the ground. Aquaponics provides the opportunity for sustainable, localized, 

small-scale production, which provides access to healthy foods (fish and greens) and 

further enhances the local economy (Rakocy, et al., 2006, Nelson, 2008, Rakocy, 2010).  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE I BASIC SYSTEM COMPONENTS FOR A RAS SYSTEM, CULTURE TANK, CIRCULATION, SOLID 

CAPTURE BIOFILTRATION, AERATION/DEGASSING.  
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 Aquaponics may appear to be a near-perfect agricultural system, but its initial high 

price ultimately is what deters farmers from implementation. To recover the high capital 

cost and operating expenses of a recirculating aquaculture system, each of the production 

systems (Fry, Juvenile, Fingerling and Growout) must be operated near the maximum 

production capacity on a continuous basis. Operating these systems near their carrying 

capacity maximizes production and utilizes space efficiently. This being the case, systems 

are frequently designed with low cost equipment and in modest scale.  

Dr. Ebeling estimates that with a 250k “maxi-boutique,” commercial scale 

aquaponics model, yield is ~250,000 lbs per year. At an estimates 1.5 lb per fish, this is 

166,666 fish per year, which is combined with the 5,000,000 heads of lettuce produced.  

Being that the FDA recommends a daily intake of 50gram of protein for a 2,000-calorie diet, 

this would supply approximately 6,214 people with a sufficient quantity of quality protein. 

 Figure 2 (below) shows the proposed system layout in a single building, 

approximately 60 ft by 120 ft., with a small office/lab/crew room attached. The production 

system is divided into three separate stages consisting of a fry/nursery, fingerling, and a 

growout stage. There are two nursery/fry growout system consisting of two tanks and LSS, 

six fingerling tanks and LSS, and four mixed-cell raceways with a LSS for a POD of two.  At 

the front of the building is a lab/office space, restrooms for staff and visitors and staff 

room.  All of these layouts are of course dependent on the building selection and 

management preferences.  (Ebeling 2013) 
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FIGURE II. ENGINEERING DESIGN – SYSTEM LAYOUT 
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FIGURE III: ENGINEERING DESIGN– SUMMARY COST ESTIMATES 

 

 
 

 

Dr. Ebeling is adamant that almost any engineer can design a system for fish 

cultivation, but that the most difficult part is designing a system that will be profitable. In 

order for an agricultural system to be fully sustainable, it must also be able to be fiscally 

sustainable; it must have a positive cash flow. In this, the initial costs must be kept to a 

minimum. 

 

 

 

 

 

Boutique Production System  50K/yr

Percent of 

Cost Analysis Unit Cost System  Cost

Quarantine/ Fry    6,411.46$        4%

Fingerling System 20,422.59$     14%

Mixed-cell raceway System 95,783.26$     66%

Purging System (2 Tanks) 3,000.00$        2.1%

Raft Hydroponics 4,339.34$        3%

Monitoring Equipment (Basic and Backup) 8,958.72$        6.2%

Waste Treatment 2,831.01$        2.0%

Lab Equipment (Basic and Backup) 2,973.63$        2.1%

TOTAL EQUIPMENT COST: 144,720.01$   
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Economic Analysis of Aquaponics:  

 

Donald S. Bailey, James E. Rakocy, William M. Cole and Kurt A. Shultz made an 

economic analysis of commercial scale aquaponics based on the commercial-scale 

aquaponics unit that was developed at the University of the Virgin Islands Agriculture 

Experiment Station. This trial proved that the unit is able to produce red tilapia and leaf 

lettuce in a profitable manner. In their analysis, three farms of 6, 12, and 24 units of 

production were investigated 

 

FIGURE IV: ASSUMPTIONS USED FOR AN ECONOMIC ANALYSIS OF A COMMERCIAL AQUAPONIC UNIT FOR 

THE PRODUCTION OF RED TILAPIA AND HYDROPINC LETTUCE (BAILEY, RAKOCY, COLE, AND SHULTZ)  

 
 
1. Each system produced 357 kg of red tilapia every 6 weeks. Harvested fish were sold for 
$5.51 per kg. 
 
2. Each system produced 35 cases (24 heads/case) of lettuce every week. Cases of lettuce 
were sold for $20 each. 
 
3. Eight hundred, 30-50 gram fingerlings were stocked in each tank for grow-out. 
Fingerlings were produced on the farm for $1.23 each. 
 
4. Feed was an extruded, floating complete tilapia diet (32% protein) and was delivered 
using a belt feeder. Fish were fed 6% initial BW daily for the first week and to satiation 
with weekly feed increments for the remaining 23 weeks of growout. Feed cost $0.66 per 
kg. 
 
5. Aeration was supplied to all rearing tanks and to the hydroponic tanks with diffused air 
from 2 regenerative blowers, 1 hp and 1⁄2hp. Supplemental aeration was provided by a 
vertical- liftpumpforthefinal12weeksofgrowout. Water was pumped through the system 
with a 1⁄2-hp circulating pump. Electricity cost $0.10 per kWh. 
 
 
 
6. The system consisted of four circular fiberglass-rearing tanks; two conical bottom 
clarifiers, four rectangular filter net tanks, one cylindrical header tank, two hydroponic 
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tanks, and one fiberglass reservoir. (See Rakocy et al., this publication.) The system 
components cost $31,232 to purchase and construct. 
 
7. The number of managerial and hired employees varied with the size of the farm. The 
farm manager’s salary is $40,000 for the 6 and 12-unit farms and increased to $50,000 per 
year for the 24-unit farm. Hired farm laborer salary was $15,000 per year. 
 
8. A brood fish holding tank, spawning tanks and fry rearing system were included in the 
ancillary support infrastructure of the farm. Capital cost of the unit was $37,293 with an 
annual operating budget of $8,428. 
 
9. Greenhouses were constructed for the production of lettuce seedlings. Capital cost of the 
unit was $2,900 with an annual operating budget of $18,875. 
 
10. Support services for administrative tasks were included in a general overhead budget 
category at 2.8% of the operating budget applied to each component. 
 
11. Land is rented from the government for $247 per hectare per year.  

12. Budgets and cash flow projections were presented on a pre-tax basis. 
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FIGURE V: YEARLY ENTERPRISE BUDGET FOR THE LETTUCE PRODUCTION COMPONENT OF THE THREE 

MODEL AQUAPONICS FARMS HAVING 6, 12, OR 24 UNITS (BAILEY, RAKOCY, COLE, AND SHULTZ) 
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FIGURE VI: YEARLY ENTERPRISE BUDGET FOR THE TILAPIA PRODUCTION COMPONENT OF THE THREE 

MODEL AQUAPONICS FARMS HAVING 6, 12, OR 24 UNITS (BAILEY, RAKOCY, COLE, AND SHULTZ) 

 

 
 

 
 

 

FIGURE VII: EMPLOYEE NUMBER BY TYPE FOR AQUAPONICS FARMS WITH 6,12, OR 24 PRODUCTION 

UNITS (BAILEY, RAKOCY, COLE, AND SHULTZ). 
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FIGURE VIII: ENTERPRISE BUDGET FOR THE THREE MODEL AQUAPONICS FARMS WITH 6, 12, OR 24 

TILAPIA AND LETTUCE PRODUCTION UNITS, AND NECESSARY INFRASTRUCTURE TO SUPPORT 

FINGERLING PRODUCTION, LETTUCE SEEDLING PRODUCTION, WATER STORAGE, LAND COSTS AND 

GENERAL OVERHEAD (BAILEY, RAKOCY, COLE, AND SHULTZ). 

 

 
 
 
 
 Based off the previously gathered data, commercial scale aquaponics is profitable in 

the U.S. Virgin Islands. This study found that the larger the scale, the more profitability. 

This being the case, aquaponics is an extremely viable tool for economic development. Not 

only will it employ a portion of the population during the initial stages of construction, but 

it will also provide reliable access to fresh produce and fish, while simultaneously 

encouraging economic growth in the area. 
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Development Practice: 

  

The current practice of international development begins with thorough assessment 

of existing circumstance before a project might begin. By conducting a livelihoods analysis, 

developers are able to determine what problems need to be addressed to propel a 

community forward into easier lives. A livelihood analysis can be conducted by evaluating 

the vulnerability, sensitivity, exposure, resilience, sustainability, governance, gender 

equality, and adaptation of a community. 

 

Vulnerability: 

In dealing with the vulnerability of this community, we must assess their exposure 

to shocks and stresses, their sensitivities within their livelihoods, and their ability to adjust 

and adapt to the stresses and shocks it will face. 

 

Sensitivity: 

To be able to evaluate the sustainability of the community, a clear understanding of 

the people in question should be reached.  To do this, there are certain evaluations that 

should be administered, and certain data that should be collected within the population. 

These should inform us of the caloric intake of the community, the agricultural production, 

the assets possessed by the households, and an encompassing knowledge of the local social 

structure, including the local power structures within and outside of the government. 

I strongly recommend performing these assessments using the participatory 

development approach. This approach will create an environment in which the population 
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can accurately gauge itself, an approach which cultivates empowerment within the 

community. Performing a Participatory Rapid Appraisal is a way in which to gain the 

necessary knowledge about those you are interested in aiding. It also accounts for their 

values, and gives and opportunity in which groups can subjectively regard their lives in 

ways that they might not have ever done before. Subsistence farmers might be surviving, 

but have they ever thrived in their livelihood? Should they even still be farming? What 

technology could be implemented to create a more effective livelihood system? 

 

Exposure: 

Testing exposure is crucial to deciding a course of action. Realizing that regional soil 

is no longer fertile, could be good cause to turn to controlled environment agriculture. In an 

exposure analysis, my first goal would be to find out how the farmers in the region water 

their crops. I want to find out how much access these farmers already have to the water 

source. Data should be collected and farmers should be consulted on any regional weather 

alterations. I would also be curious to analyze the soil quality and rate of nutrient depletion 

in the area, and if these people already have a system in place to deal with these concerns. 

Their ability to cope with these problems plays a key role in the resilience of the people in 

question. I am also interested in learning the history of natural disaster, or other shocks in 

the region, if there are any, as well as the societal coping methods in case of these events. 

Resilience: 

In accounting for the resilience of a community, the ability to retain the integrity of 

the system following a shock or stress should be evaluated. I would like to analyze how the 

community has adapted thus far to any natural disasters or other stresses. Have they 
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changed crops to deal with the change in climate? It is important to assess the education 

structures, the research and technologies of the region, the infrastructures in place, and the 

diversity of the peoples’ capital. 

 

Sustainability: 

In regions around the world, the environment is becoming desiccated, as a result of 

climate change. Since climate change is augmented by our continual abuse and misuse of 

the planet, the long-term sustainability of a community is highly interdependent with 

resource management. Resource management is key, especially in regions that don’t have 

access to easily implemented, easily useful resources. Often, desolate regions have access to 

natural resources, but not to the production systems that makes them readily available to 

the consumer. 

 

Governance: 

Determining what governance bodies and regulation devices are in place is crucial 

in understanding how to cooperate with the peoples in a region. Localized authority will 

result in a comprehensive power structure that will, in return, result in increased 

accessibility for the public, increased accountability of officials, and increased efficiency in 

community functionality. Collaboration between centralized government and localized 

authorities is a way to increase bureaucratic efficiency. The data collected about the pre-

existing power structures within the community should be thoroughly analyzed in order to 

implement a system in accordance with what structure is already in place. 
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Gender Relations: 

In regards to the power structure of gender in these communities, it is important to 

allow space in all data collection for input from everyone. It is important to have multiple 

perspectives on any issue. As I have previously stated, sometimes this type of participatory 

development can give the community the chance to self reflect, and self-analyze their own 

structure, potentially resulting in self empowerment. Certain societal structures can result 

in the ostracization of certain members of the community. This is extremely pertinent in 

regards to sexuality and gender equality. When all members of a community are not 

included in its society, the society is weakened. The labor force, knowledge force, and even 

consumer force cannot reach their full potential without this inclusion. It is through 

empowerment that the community can become its most resilient to future shocks and 

stresses. 

 

Adaption Assessment: 

Climate change is going to impact us all. However, it is going to hit low-income 

countries faster and harder. It is going to cause disease and epidemic dispersion, drought, 

natural disasters, human displacement, and global chaos. It is important to assess the risks 

of these occurrences in order to adequately prepare for them. This can include the 

reevaluation of value every few years, or following the Technical Document, the guidelines 

published by the World Health Organization and the Pan American Health Organization in 

order to facilitate vulnerability and adaption assessments. Taking this measure will ensure 

that the region maintains a level of development in accordance with project, proposal, and 

plan. 
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Aquaponics in Development 

 

 Although the designed and manufactured aquaponics systems in the US and the US 

Virgin Islands have been proven to be economically viable and highly yield affective, in the 

developing world there is rarely access to such technology and equipment. Furthermore, 

even if there was access to an educated, aquaponics systems engineer labor force, the 

economic costs of such labor would offset the profits drastically. 

In rural, developing communities, it is better to create systems custom to each 

community. These systems will vary depending on the needs of the community, and the 

available recourses in the area. If the community is already practicing agriculture, systems 

can be arranged around the pre-existing cultivation practices. By installing an aquaculture 

unit next to the crops, irrigation systems can be installed to connect the two. The same 

amount of water that was already being used to water the crops, can be circulated into the 

aquaculture pond, before being irrigated into the field.  This will provide further nutrients 

to the soil, and also provide the farmers with an added source of protein: fish. Because the 

units are specific to the location, systems can be altered to each community in order to 

optimize efficiency, yield, and durability, while minimizing inputs. In practice, this is 

strengthening the resilience of communities.  

Dr. Kevin Fitzsimmons is the world-renowned expert in aquaponics and a professor 

at the University of Arizona who has been helping communities all over the world with the 

installation of aquaponics systems. Most of the information that I have gathered about the 

practice of aquaponics in development has been from conversations with him. There are 

not many reports about the practice, nor has their been case studies about the communities 
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before and after. In fact, it is rare to find data about these communities and their current 

food systems at all. When I have spoken with Dr. Fitzsimmons, he told me that the 

anthropological research involved would cost far more than a simple agriculture systems 

setup. Instead, he opts to minimize the costs of surveys and “fluff” in order to allocate all 

time and money into the project at hand. 

 Dr. Kevin Fitzsimmons spends a lot of time implementing sustainable agriculture 

technology into rural communities. He travels around the world and constructs 

personalized aquaponics systems at each agriculture site. Because he has such a thorough 

understanding of the system, he is able to go to a site, converse with the operators, and 

design a new system that will work best in the given circumstances. Often, these systems 

are neither recirculation, nor in a greenhouse. Instead, Fitzsimmons focuses his efforts into 

creating a system that can provide a population with more nutritional output from less 

resource input. 

 An integrated agriculture/aquaculture system was implemented in Tabasco, Mexico 

in collaboration with the University of Juarez and the “Farmers to Farmers” program, 

which is financed through “Aquaculture Without Borders” and the USAID. This project had 

two locations, one being the town of Oaxaque, Tabasco, which is a town of 1,566 Chontal 

Maya inhabitants. The other was the town of Caridad Guerrero, Tabasco, which has 367 

Chol inhabitants. In both towns, a pond for tilapia cultivation and a semi-protected grow 

space were constructed using materials that were available in the region, with local labor 

groups. 
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FIGURES IX - IXX: VISUALIZATION OF THE INTEGRATED AQUACULTURE/AGRICULTURE SYSTEMS IN 

TABASCO MEXICO (FROM POWERPOINT MA. FERNANDA CIFUENTES BY K. FITZSIMMONS) 
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 As can be seen in the above images, the systems implemented were low-tech, 

aquaculture/agriculture systems utilizing concrete and plastic tarps. Although the water 

efficiency isn’t optimized in such a system, the same quantity of water that would’ve been 

used to produce the habanero chiles, is now being used for the chiles and for the Tialpia 

production, providing the local community with a local, sustainable, inexpensive source of 

protein. In these systems, the local water source is pumped firstly into the pond containing 

tilapia. This water is then used to irrigate the habanero chile cultivation zones, providing 

bonus nutrients to the plants and soil, resulting in increased crop yields. 

From conversations with Fitzsimmons, I have gathered that the community 

consumes the fish from the systems. This subsistence style agriculture system adds a high 

quality protein source to the diets of the farmers. However, the habanero chiles are sold to 
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surrounding villages and cities. In the beginning, the farmers were not seeing any profit in 

their chile sales, but after adding an additional processing plant and beginning to pickle the 

habanero chiles, profits were achieved. 

Converting a crop into a value added crop can have multiple advantages. For one, it 

will provide more jobs for the community in the construction of the processing plant, as 

well as in the maintaining and running of the plant. The good is usually better preserved 

after processing, and will last longer, making more distant markets available, including 

international exportation. Selling artisan, pickled habanero chiles to the US has proven to 

be more economically viable than selling the raw, unprocessed chiles at local markets. 

The Tabasco chile farmers have been able to utilize their new aquaponics system to 

increase their nutritional intake, and their cash flow. With a sustainable protein source, this 

community is much less susceptible to malnourishment, which is a predecessor for many 

more potential illnesses. Furthermore, the farmers now have a legitimate form of income 

from their pickled habanero chile sales. This income will surely be dispersed throughout 

the community as the farmers spend it on other goods and commodities. This will spur the 

local economy, creating jobs and further distributing the income throughout the villages.  

Expansion into commercial scale agriculture can have many benefits to a 

community. Flourishing economy could lead to increased bureaucratic systems, which then 

puts these small villages on the map for the global economy. Hopefully they reinvest some 

of their profits back into the agriculture system, in order to increase yield, expand 

production, and continue the growth cycle. 

I do want to make it perfectly clear that I am not interested in telling people how to 

live. These systems and their potential for expansion into commercial agriculture 
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production is an option that can be provided as a means for development only if the 

community decides that this is how they want to proceed. Each decision is theirs alone, and 

we can help them however they decide that they want help. 

 

Next Steps: 

  

 The next steps are to prove this theory. SWIRL, South West Innovations for 

Responsible Living, is the corporation that has been created with intention to 

commercialize aquaponics for development purposes. In the next three years, the CEO, and 

the author of this thesis, Ysabella Rongo will be seeking her master’s in Innovation, 

Sustainability, and Entrepreneurship, a new program through the University of Arizona’s 

College of Engineering. This will provide the skill sets necessary to implement aquaponics 

systems in an economically viable way around the globe. SWIRL will also be working with 

the patient capital firm, Biosphere I Agriculture & Supporting Infrastructure Climate 

Response Management, Inc. (BASIC-M). BASIC-M is a “agricultural technology incubator, 

accelerator and investor”, who “aims to be a Quadruple Bottom Line company, attaching 

equal value to Profit, People, Planet, and Purpose, thereby contributing to viability, equity, 

spirituality, and sustainability”. With their help SWIRL has begun the preliminary 

paperwork and networking. 
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                                  MISSION 
 
 By 2020 SWIRL will add at least 50% of the required high quality  
 micronutrients to the diet of at least 10 Million people globally, through   
 implementation of optimized Aquaculture systems and business    
 models. 
 
 By 2020 SWIRL aims to have gross revenue of $ 100 Million while  
 adhering to the BASICM Sustainable Agriculture & Climate Change   
 Response values and principles.  
   

WHY AQUAPONICS? 
 

 
I.    Biosphere I People and Planet:   

 
 In 2015 more than 800 million chronically undernourished people 

worldwide of all ages, at least 1 billion more obese people on unhealthy 
diets, and a global population expected to swell to 9 billion by 2050 

 Current industrial agriculture misuses 50% of the the planet’s land, 
causing deforestation, loss of biodiversity, soil nutrition depletion,  
accelerated soil erosion, land and groundwater pollution, and ocean 
acidification 

 Current industrial agriculture accounts for 70% of global freshwater 
withdrawals (up to 90% in some developing economies), and water supply 
and quality is steadily becoming an economic and sociopolitical flashpoint 

 Over 70% of the planet's fishery stocks are fully exploited or overexploited 

 
 
 

II.   Advantages of Aquaculture:  
 

 Aquaponics is an agriculture system in which the waste from fish in an 
aquaculture system supplies the nutrients for plant growth, often in a 
hydroponics environment. In turn, the plants purify the water before it is 
returned to the fish. 

 Controlled Environment Aquaculture (CEA) allows for systems 
optimization, easy maintenance, significantly less impacted by fluctuations 
in weather, and allow production of multiple crops of fish and vegetables  
in multiple  crop rotations each year, providing predictable micronutrient 
production volumes and resulting community income and job creation. 
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 CEA allows for “precision aquaculture”, ie the application of low cost 
optimized nanotechnology wireless sensor networks and big data 
analytics to optimize operations through real-time on-site or remote facility 
monitoring 

 Land use per unit nutrient produced is orders of magnitude less than in 
current industrial agriculture, and all process byproducts can be reused 
and/or recycled  

 CEA can be implemented profitable in all climate ranges, but are 
exceptionally suitable in regions with limited/reduced access to fresh water 
reserves, thereby directly aiding adaptation to climate change expected to 
happen in many regions of the planet. Compared to industrial agriculture, 
90% reduction of water use with 10X yield improvement has been 
achieved with CEA 

 CEA allows optimized farming of many different types of fish protein types 
and associated vegetable varieties  

 
 

 
 

III. SWIRL Technologies, Products and Services  
 
 

In coordination with the University of Arizona College of Agriculture and Life 
Sciences, 150 acre Biosphere 2 experimental ecosystem, and Solar Zone 
(world’s largest solar technology test & demonstration tech park, located in 
Arizona), SWIRL has an inventory of more than 20 design configurations 
optimized for production volume, fish and vegetable type, contained vs 
open space operation, optimized materials/ equipment/sensor & control 
systems, etc.  

  
 The principles in SWIRL have years of experience in implementing this  

technology throughout the US, Mexico, Brazil, and Africa, developing the fish  
production, engineering, and data collection that have brought us to  
commercialization on a global basis. 

 
           On a project by project basis, SWIRL offers the following products/services:  
 

1. Turnkey Aquaculture Facilities (assembled & shipped from USA) 
2. Facility Design Package Exclusive/Non-Exclusive Licensing Agreements (local 

manufacture and installation by qualified licensees)  
3. Design, Installation & Operations  Consultation Services (including Fish and 

Vegetable processing Lines, Optimized Renewable Energy and Boiler/HVAC 
Water Systems)  

4. Customized Research & Development of new Fish & Vegetable Cultivation 
Permutations, Process & Data Optimization 



 39 

5. Assistance with Structuring & Negotiation of Fish and/or Vegetable Products 
Marketing & Distribution Channel Contracts to Regional and Global Food 
Processing Fortune 500 Company Supply Chains 

6. Structuring of Fish Commodity Options Contracts with Financial Organizations 
7. Fully Owned or Franchised Fish & Vegetable Commercial Outlets Inside  

Metropolitan Population Centers  

 

 

IV.   SWIRL TURNKEY AQUACULTURE DESIGN CONFIGURATIONS 
 

Small Designs:  Fish Volume*1  Vegetables*2 
EBU 1:   450Kilo/year   20K/year 
EBU 2:   1,100Kilo/year  50K/year 
EBU 3:   2,200Kilo/year  100K/year 
 
Medium Designs:  Fish Volume   Vegetables 
EBMiB 1:   4,500Kilo/year  200K/year 
EBMiB 2:   11,300Kiloyear  500K/year 
EBB:    22,600Kilo/year  1M/year 
EBMaB 1:   45K Kilo/year   2M/year 
EBMaB 2:    113K Kilo/year  5M/year 
 
Sustainable Designs: Fish Volume   Vegetables 
MKEBB (Photovoltaic) 22,600Kilo/year  1M/year 
ESEBB (Passive Solar) 22,600Kilo/year  1M/year   
 
Large Designs:  Fish Volume   Vegetables 
KF 1:     
KF 2:  
KF 3: 
 
 
 
*1: Each Design can be customized and optimized for desired fish production 
*2: Each Design can be customized and optimized for desired vegetable 
production 
 
 

     Further Information:  Ysabella Rongo, President, 
     ysabella@swirlinnovations.com 

(928) 451-4278 

 

mailto:ysabella@swirlinnovations.com
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Appendix: 
 
 

The Cell Doesn’t Take Care of Itself…That’s Cancer 
 
 
This is a very important practice. Live your daily life in a way that you never lose yourself. 
When you are carried away with your worries, fears, cravings, anger, and desire, you run 
away from yourself and you lose yourself. The practice is always to go back to oneself. 
- Thich Nhat Hanh 
 
 
 In the late 19th century, not long after the height of the industrial revolution, 

evolutionary theory evolved into what is colloquially referred to as survival of the fittest. 

British philosopher Herbert Spencer brought this expression into fruition after first 

reading Charles Darwin’s On the Origin of the Species, which explains Darwin’s theory of 

natural selection, or the process in which an organism adapts to its environment by 

selectively reproducing with the strongest organisms, or those who survive, and thus 

produce genetic alterations. On the Origin of the Species establishes that for plants and 

animals alike, the weak are diminished while the strong prevail. Expanding on these 

concepts, Social Darwinism proclaims that in human society, strong cultures become 

powerful and rich, while weak cultures are diminished: the natural selection of human 

socio-economics. This theory has been used to support Laissez-Faire economics and 

capitalism. Social Darwinism became the perfect excuse to exploit any system which 

depends on inequality. Power is justified by the idea that those in power were genetically 

superior to those who struggle. 

  The story of evolution continues to evolve. In 1975, E.O. Wilson published 

Sociobiology, a book explaining yet another new theory on human evolution. The brutality 

of survival of the fittest came into question with these new ideas. Wilson redirected the 

http://www.wisdomquotes.com/quote/thich-nhat-hanh-10.html
http://www.wisdomquotes.com/quote/thich-nhat-hanh-10.html
http://www.wisdomquotes.com/quote/thich-nhat-hanh-10.html
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theory of natural selection by beginning to study the root of human altruism. Altruism is 

defined as: feelings and behavior that show a desire to help other people and a lack of 

selfishness (MW). Wilson began to ask why humans cooperate if we are all selfish beings, 

trying our hardest to pass on our own genetics. Altruism is an observable human feature, 

which might seem to contradict the very nature of natural selection and survival of the 

fittest. 

 Wilson’s theory, however, did not contradict natural selection. It expanded on the 

concept. Kin selection, also known as inclusive fitness, explains that altruism evolved in 

order to preserve genetic heritage. The heritage wasn’t only an individual’s but his family’s.  

Human beings ultimately want to preserve not only their own genes, but also the genes 

most related to them. It is not the individual’s genes that are of value, but rather the group 

effort to maintain a bloodline. The closer the relative, the more the individual wants to 

protect them. This was used to explain sibling love. Kin selection was a key idea, which then 

expanded into an entire new field of study. Wilson explains that, “Kin selection was a nice 

little part of it in 1975, but Sociobiology went way beyond that. It goes into demography: 

how groups are formed, how they compete, how communication evolves. Together with 

ecology and population genetics, it all formed a framework to help explain the origin of 

social behavior”. 

 An entire field of study was born from the attempts to prove kin selection. However, 

it was never proven mathematically, and now Wilson has decided that it is no longer valid. 

“It turns out that there’s only one condition that has to be reached in the course of 

evolution for eusociality to emerge: A mother or father must raise their young within reach 

of adequate resources at a defensible nest. Getting from the solitary lifestyle to one that 
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includes a defensible nest can be done in one evolutionary step—one gene change. This 

turns the concept of inclusive fitness on its head, because the gene change and the social 

behavior came first. Kinship is a consequence of that, not a cause”. 

 So then why are people nice to each other? And why do people feel good when they 

are nice to others? Wilson explains that, “On one level, individual selection goes on inside 

groups, with people competing against each other and producing what we think of as 

selfish behavior. On another level, selection goes on between groups. Group selection tends 

to reinforce altruistic behavior in individuals because without altruistic individuals, the 

group is at a disadvantage in competition and combat with other groups. But that is not kin 

selection. 

 “On the level of the group, nepotism is counter-evolutionary. A group of altruists will 

beat a society of selfish individuals every time. Group selection favors biological traits like 

communication and cooperation that are needed for the group to remain cohesive and 

powerful. In humans, there’s a constant struggle between group selection and individual 

selection that is unique. Humans managed to find a way to strike a balance. It took a lot of 

intelligence.”  

 This resonates as true for me. I’ve observed the ways that working together gratifies 

humans. I have witnessed people feel good as they ‘do good’ and as they communicate, 

cooperate, and collaborate. 

 For the last few years, I have been studying international development. I sometimes 

half jokingly say that I’m getting my degree in human suffering. I have seen how broken 

systems create poverty and poverty creates broken systems, and the whole system then 

prevents the expression of human potential. It’s depressing. It is also illogical. One billion 
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people are too involved with procuring their next meal to actively participate in solving the 

problems that face us humans as a collective whole. Our global system prevents 1/7th of 

the population from contributing to human progress. Correct me if I’m wrong, but this is 

incredibly inefficient! 1/7th of the population is unable to step outside of their survival in 

order to consider how our species is going to survive climate change. 1/7th of the 

population is too hungry to help solve global hunger. 

 After these years in the field of development, I’ve also seen a lot of people who are 

actively trying to make the world a better place. I see other students, students like me, who 

try to empathize with the hungry mothers of Nicaragua, and ask themselves what they can 

do for their world. 

But being selfless can also be a form of selfishness when we are just trying to band-

aid our own consciousness. I see a lot of pointless charities. I see charities that give rice out 

to the hungry, band-aiding a gaping wound. Sure, they feed a few people, but they create a 

dependency on more charity and in the process they support a system that depends on 

dependency. Let’s face it; capitalism rests on poverty. A lot of people ask first what their 

world can do for them. The world wants consumer goods, and they want them cheap. Five 

dollar shirts depend on someone, somewhere, earning pennies. In order to buy cheap, there 

needs to be cheap labor. Cheap labor depends on poverty. People might say they want 

global equality, but in reality they want Ikea furniture. 

 People still donate to charities, and for a lot of people, it’s the only way that they feel 

they can contribute to a greater good. I don’t want to diminish the sense of satisfaction of 

someone who is doing the best they can. People contribute what is within their means, and 
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it often makes them feel good to be willing and able to do so. It ends up that it’s 

neurological. The research goes like this: 

“The researchers invited 45 volunteers to play a computer game and also to watch 

the computer play the game. In some instances successful completion of the game resulted 

in them winning money for themselves, and in other instances it resulted in money being 

donated to a charity each person had chosen at the beginning of the experiment. During 

these activities the researchers took functional magnetic resonance imaging (fMRI) scans of 

the participants' brains.” 

 The scientists expected to see reward triggers in the brain go off for all participants 

involved. They expected to detect signs of feeling good because of ‘doing good’ for the 

charity givers, and they expected reward triggers for winning money for the personal 

profiteers. But that wasn’t the full story.  

 “What they found was that another part of the brain was also involved, and it was 

quite sensitive to the difference between doing something for personal gain and doing it for 

someone else's gain. This part of the brain is called the posterior superior temporal cortex 

(pSTC). The pSTC sits in the back of the brain and appears to help us tune into perceiving 

and giving meaning to the actions of others. It is not focused on reward.” 

 The scientists then asked all participants a series of questions about their altruistic 

natures. These included questions about why and how these individuals perceived their 

own helping behavior. After analyzing the data and comparing it to the fMRI brain scan, the 

scientists determined that “pSTC activity rose in proportion to a person's estimated level of 

altruism” suggesting that, “altruistic behaviour may arise from how we view the world 



 45 

rather than how we act in it.” One of the scientists later declared, "We believe that the 

ability to perceive other people's actions as meaningful is critical for altruism”. 

On a global systems level, it is particularly difficult to give meaning to everything or 

anything. The conceptualization of the entire planet seems beyond the grasp of human 

capability. And without perceived meaning, how do we behave altruistically? 

The scale of global commerce may seem huge and abstract, but it really depends on 

a lot of cooperation because of economic specialization. Our trade systems function 

because each country, and each company, does something best, and then trades it for what 

another does best. This keeps prices low and quality high, as we work together to produce 

everything we need and want. In modern society, it is impossible to be completely 

independent. Even by moving off the grid and subsistence farming, a person will still need 

clothing, transportation, housing, and tools. Independently making each of these would be 

a logistical nightmare. That’s why human beings specialize and trade. As the population has 

grown, so have our processes. How do we find meaning in such an abstract reality and on 

such a large scale? 

 My mentor, Alex Dely, believes in the Gaia Theory. He views himself and each human 

as though we are each individual cells in the body of the universe. Each cell has DNA, which 

acts as the road map of functionality. The cells spend its entire life following these 

instructions and then they die. Other cells take over and continue the job. We human beings 

are cells, doing our jobs until we die. 

 Now this isn’t the beautiful part of the Gaia Theory. The beauty comes in when we 

think about how much our bodies really do rely on the interdependence between the cells. 

Each dutiful cell contributes to building and maintaining a body, from which we can 
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breathe, feel, and think. Each cell is essential and required to act in a communal effort. The 

cells get life within the system, and it gets the opportunity to live and perform its function. 

The cell doesn’t only take care of itself, and when it does, it becomes cancer. However, as 

much as each cell is valuable, the whole responsibility of the life of the body never rests on 

one cell. 

I remember one day I was stressing about not being good enough. I was questioning 

how I would ever be able to make a difference, or alleviate even a little suffering in the 

world. Alex told me that it isn’t for one human to solve all the world’s problems. Each 

human has to contribute its 1/7 billionth. The weight of the world never rests on my 

shoulders alone. Not being esteemed as a supremely significant individual, frees me to 

devote myself to what I love most, while I maintain a purpose of alleviating suffering. The 

lack of divine importance frees my being from the stress and worry of not being enough. I 

am essential to, but not solely responsible for the whole outcome of the world. 

I often think of the Howard Thurman quote, “Don’t ask what the world needs. Ask 

what makes you come alive, and go do it. Because what the world needs is people who have 

come alive.” What the world needs is people who come alive. By freeing myself from the 

worry and stress of being enough, I alleviate my own suffering. I can relax into whatever I 

am passionate about and become lost in the art of living. Tich Nhat Hanh says, “When 

another person makes you suffer, it is because he suffers deeply within himself, and his 

suffering is spilling over. He does not need punishment; he needs help. That's the message 

he is sending.” To end the spiral of suffering, the suffering that causes more suffering, I 

must first calm my own suffering. In turn, by doing so, I might find some peace, and from 

that peace, a new spiral can begin. Therefore, resting in this place of ‘selfish’ satisfaction, I 
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can begin a new spiral. This spiral is in dedication to the tasks that I love doing. This spiral 

is in dedication to discovering what makes me come alive, and following it. This spiral 

serves to inspire. 

What makes me come alive today is a network of interactions. I love my family, and 

the food we eat together. I love my colleagues and how much I have to learn from each of 

them. I love the planet we inhabit. I think the sun feels amazing on my skin, and that 

flowers and spring breezes smell amazing. I think we should prevent climate change for a 

lot of reasons, and the preservation of these sensations is one of them. I love food and food 

systems and the way these systems manage to feed so many, so well. I love human 

ingenuity and how this ingenuity continues to support our common standards of living, 

which are slowing increasing across the plant. Family, food, work, community, nature, 

intelligence. From these I’ll try to build my life. 
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