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INTRODUCTION

The circumstances of the economic crisis of
the 1990s forced the Cuban leadership to
divorce the agricultural model of the previous
three decades characterized by large Soviet-
style farms, copious petrochemical use, and
sugar monoculture, for a far more diverse,
direct, and sustainable model that continues
to develop today. Within this abstract
framework, the phenomena of urban gardens
called organoponicos has emerged to serve
city dwellers fresh, organic produce, thus
elevating food security and improving their

diets.

Our objective is to enhance the productivity
of these urban gardens while maintaining a
sustainable practice. In particular, we seek to
address protein deficiencies in urban diets
with local livestock production, in the form
of freshwater fish such as tilapia. This will be

accomplished with an aquaponic system that

takes advantage of the complementary
aspects of plant and animal physiology to
grow each in favorable conditions set up by
the other. This forms a condensed, controlled
ecosystem that will help satisfy the dietary
needs of the urban populace efficiently and
with negligible negative environmental

effects.

HISTORY
The infrastructural problem addressed by the
contents of this paper cannot be understood
without considering the historical context in
which it arose. Our solution serves as another
step away from monoculture and sensitivity
to exogenous economic conditions and
toward  agricultural

autonomy  and

sustainability.

Unstable and insecure agricultural and trade
practices in Cuba originated in the years prior

to the Castro revolution. During this time, the
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United States and Cuba had an intimate
economic relationship, characterized by
favorable tariff reductions and the presence
of U.S. companies in most of the Cuban
countryside. Cuba’s economy relied on the
export of sugar and the import of food and
beverages, primarily from the U.S. (Alvarez
15). This economy was very sensitive to
international sugar price fluctuations and
vicissitudes of other sorts, which caused
domestic revenue instability and insecurity
(Alvarez 14). Although sugar production and
profits fluctuated, it was the most profitable
enterprise, preventing the growth of other
sectors and agrarian diversification (Alvarez
12). In addition, Cuba’s rural population
endured a dismal standard of living
characterized by low income, inconsistent
employment, high illiteracy,
malnourishment, and harmful sanitation

levels (Alvarez 20-24).

Of its many objectives, the Castro revolution
of 1959 intended to return the Cuban
countryside to Cuban hands, curb the
dependence on sugar, and improve the living
conditions of the rural populace. Concretely,
it enacted the first and second agrarian reform
laws which, in combination, proscribed and
nationalized all farms larger than 67 hectares
and domineered foreign-owned lands
(Alvarez 39-40). |Initially there was a
movement toward diversification; however,
this movement was “technically ill-advised
and had to be abandoned” (Koont 14). Cuba
then joined the Council for Mutual Economic
Assistance, the economic conglomerate of
the Soviet Union and its allies, trading sugar,

petroleum, and food products (Koont 14).

In the decades following the revolution, three
important circumstances caused the major
reconfiguration of the agricultural sector in
the early 1990s and continue to influence

contemporary agrarian practices. The first
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was the diminishing productivity of large,
Soviet-style farms owned and operated by the
state. Alvarez argues non-state farms were
more productive than state farms although
the latter had greater access to resources and
inputs (54). The second incident was the
dismantling of the Soviet Union and the trade
agreements with it and its neighboring
countries. This caused a dramatic decrease in
imports and exports and jolted Cuba into a
crisis. Foreign trade dropped by 75%, and
from 1989 to 1993, the economy contracted
by 35% (Mark 2007). Oil imports from the
USSR dropped by 90%; consumer goods,
grains, and foodstuff greatly declined; raw
materials and spare parts for machinery
stopped altogether; fertilizer imports dropped
by 80%; and animal feed plummeted by 70%
(Perez 2006). Cheap Soviet oil was no longer
available, and sources of energy quickly
became scarce in a country facing economic

collapse.

Livestock production and the Cuban diet
were also negatively affected. Millions of
cattle, hogs and goats died as a result of
resource depletion (Mark 2007). In 1989, the
average caloric intake was 2900/day and it
dropped steeply to 1800/day. Protein
consumption also dropped by 40%. Animals
that were once considered pets now became
targets for consumption (e.g. cats) (Mark

2007).

The U.S. then tightened its economic
sanctions. Overall, agricultural production
fell by 54% in approximately five years
(FAS, USDA 2008). The inability to import
petroleum and agricultural equipment
precluded the perpetuation of Soviet-style
farming. Because revenues from sugar
exports could no longer offset the cost of
importing food, a novel means of producing

sustenance had to emerge.
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Cuba’s inefficiency and misallocation of
resources were exposed once the abundance
of massive subsidies from the Soviet Union
and its allies ended (FAS, USDA 2008). The
situation was such that Cuba was forced to
abandon the decades-old tradition of
monoculture and find a way to sustain itself
domestically. Thus, what Fidel Castro called
“The Special Period [in a time of peace]”
began. New regiments of rationing were
instated, industrial plants and factories
drastically cut work hours — some stopped
working altogether — and 200 consumer
goods were added to the ration list to provide
substitutes for scarcities in other foods (Perez
2006). Parcels of state farms were leased
indefinitely to units called Basic Units of
Cooperative  Production (UBPC) that
purchased inputs independently, were the
owners of their product, and could sell
amounts beyond a quota in a farmers market
(Alvarez, 76) Despite mixed productivity

results, the organizational structure that

resulted from the implementation of UBPCs
set the framework for the urban agricultural

movement that has developed since.

A lack of resources and food ushered in a
great deal of innovation, adaptation, and
invention. The Cuban people began to grow
their produce everywhere — empty lots,
backyards, balconies, and roof-tops. When
the government took notice in 1994, the
Ministry of Agriculture created an urban
agriculture initiative to promote the practice
and improve the food security of urban
populations. A rampant lack of fuel called for
drawing the locations of production closer to
the places of consumption, and only organic
farming methodologies were implemented
(Koont 21). Available spaces near and within
cities were converted into raised planting
beds called organponicos and their
derivatives, which provided the surrounding
population with fresh produce and livestock.

These  innovative  approaches  were
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anticipated to fade after the Special Period
scarcities ended; however, these methods
proved to be so productive, that other
countries began to adopt them. In fact,
lineamiento number 174, as part of the
“lineamientos” by the Cuban government
released in 2011, states that ‘“the urban
agriculture program ... should be extended to
the entire country” (Friendman-Rudovsky

2012).

The mechanism of the organoponico is as
follows: organic matter is taken from rural
areas to cities with family housing units; this
organic matter is laid into long beds where
the plants are placed. Ample sunlight and
sustainable  crop  management allow
vegetables, medicinal plants and condiments
to grow (Taboulchanas 2001). Over 400,000
people are employed by urban agriculture.
For example, the Vivero Alamar cooperative

organoponico provides jobs for 163 people

(Friedman-Rudovsky 2012). Although it is a

greener alternative, it still faces many
challenges including soil scarcity, organic
matter, arable land, water, natural fertilizer,
and volumetric yields. Due to these many
difficulties and a struggling Cuban economy,
Raul Castro has taken initiatives to give the
private sector more power. Cubans are set to
move into an “incipient private sector [by]
2015” (Leaders 2012). It is believed that he
wishes to adopt an industrial, top-down
method. However, this is a pivotal moment
for Cuba to adopt a strong, healthy and
sustainable ~ method  of  agricultural
production. In this paper we propose the

implementation of aquaponics as an

innovative method to meet these criteria.

PROPOSED SOLUTION

Aquaponics Technology

Aquaponics is an integrated and symbiotic
system of both aquaculture and hydroponics.

Aquaculture is fish breeding; in this case,



Cuba in Transition ASCE 2013

freshwater fish are the primary source (IOW).
Hydroponics is a method of plant cultivation
in which nutrient-rich solutions are used in
place of soil (IOW). Aquaponics enacts both
of these farming methods to achieve the
symbiotic interaction of plant and animal life.
The aquaponic system recirculates the water
from the aquaculture portion into hydroponic
beds. Most recirculating systems are
designed with filters to remove fish effluent
and continue the circulation of water.
However, in this system, a small volume of
water houses massive quantities of fish in
tanks and the effluent-filled water is
circulated through long hydroponic beds. As
the wastewater flows through the beds, the
plants absorb small amounts of water and
waste as nutrients. The roots of the plants act
as biofilters, removing waste from the water
which could prove hazardous to the fish if
accumulated. Once filtered Dby the
hydroponic beds, the clean freshwater is

returned to the fish tanks (Rakocy, Masser

2006). This waste is comprised mainly of
ammonia, nitrogen rich gases, magnesium,
sulfate, and iron — all of which are nutritious
minerals for plant growth (Rakocy, Bailey

2006).

This aquaponic theory is not without
experimentation and precedent. There are
various systems currently in place, primarily
in regions that have a scarcity of resources.
The main aquaponic system that is of note is
that of the University of the Virgin Islands,
West Indies (UVI). The United States Virgin
Islands (USVI) is a prime example of a
tropical country with shortages and
difficulties in resource management adopting
aquaponics as an agricultural production
system. According to the USVI Water
Resources Research Institute 2011 annual
report, there are various problems giving rise
to freshwater scarcity: rainfall is seasonal, no
perennial streams or lakes, and the

desalinated water provided by the local
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government is exorbitant. However, research a fully operational aquaponic system
and implementation efforts of Dr. James E. (Rakocy, Bailey 2006). Below is a schematic
Rakocy, a professor and researcher at UVI, of the aquaponic layout at the UVI:

have proven to be quite successful in creating

The UVI Aguaponic System

Fish rearing tanks Hydroponic tanks

Degassin
| Base addition ~ o ¢

Effluent line

..... .E
Zﬁ;:i%eJJ ;

Filter tanks Return line
Figure 1: Rakocy, Bailey 2006 beds (tanks), one sump, and one base addition
The system is composed of four fish rearing tank. This occupies a total land area of about
tanks, two cylindro-conical clarifiers, four 0.05 hectares (Rakocy, Bailey 2006).

filter tanks, one degasser, six hydroponic
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This system, although it yields great results,
requires some treatment processes. These
include modification through air stone
addition (air diffusion without filtration),
degassing for methane, CO, H.S, and
nitrogen gas, denitrification filters, solids
removal three times a day from a clarifier,
and direct nitrification in a hydroponic tank
(Rakocy, Bailey 2006). The hydroponic
portion of the system requires 13 nutrients for
the proper growth of the plants. Ten are
supplemented by the fish effluent and the
remaining three are supplied in the form of
Ca(OH),, KOH and chelated iron, which are

pH regulators. (Rakocy, Bailey 2006).

The production of both fish and plants
requires optimal management in the areas of

feeding, stocking, monitoring environments

and staggering the types. Using the UVI
system as a model, this includes: feeding
three times daily, stocking fish per unit
volume, staggering the types of fish on a 24
week cycle and harvesting every 6 weeks
(Nile or Red Tilapia), and monitoring the pH
balance to a value of approximately 7 to 7.5.
The energy consumption of the UVI system
is relatively low, resulting in a combined total

of 3 HP. (Rakocy, Bailey 2006).

In the UVI aquaponic system, a basil growth
experiment was carefully monitored. The
results comparing traditional field growth
yields vs the aquaponic system yields are
shown below. The data illustrates the
performance capacity of the aquaponic

model:

Production Method AnnualYield (kg/m?) AnnualYield (kg/214 m?) | Mean Plant Mass (g)
Aguaponic 23.4 2,008 247.1
Field 7.8 1,669 104.4




ECONOMICS

Aquaponics owes its growing popularity, in
part, to the attractive economic gains that go
hand in hand with a proper implementation.
Aquaponic crops grow faster and use less
land, water, and labor than traditional
agriculture. The organic systems also save on
fertilizer costs since the introduction of
chemical fertilizers could harm the fish-
stock. The emerging technology has inspired
a wave of entrepreneurs who risk the
financial uncertainties and start their own
farms. Some argue that this technology works
best as a small scale, community level
supplement to existing infrastructure, which
is how it is often used. The question is
whether these emerging farms can be
commercially feasible on a larger scale.
According to a study done by the UVI,
economic potential is present and substantial,
but in order to make this a realistic and

prosperous agricultural system,

hydrodynamic, physiochemical, biological,
and technological know-hows are a must

(Bailey 2012).

The following case study is an interpretation
of the economic analysis conducted by the
researchers at UVI, who developed a
commercial scale aquaponic system that
grows leaf lettuce using red tilapia. Three
farm sizes were analyzed, consisting of 6, 12,
and 24 production units. Each unit contains
the elements illustrated in Figure 1. This
paper will address the 24 unit model, as it is
the most appropriate for large scale

production.

Capital Costs

The initial investment was made for
the development of a lettuce and tilapia
production component, storage facilities,
office and work space, vehicles, greenhouses,

and fish nurseries for hatching and breeding.
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The following is a breakdown of these costs

per unit:
Component for Lettuce Production
Component Quantity | Cost percomponent ($) | Total Cost () Life Expectancy (yrs.)
Hydroponic Tank 2 2,500 5,000 20
Air Piping 40 15 B0 20
LDPE Liner 2 200 400 10
Polyethylene Pipe 200 2 30 10
Blower 1 665 665 10
Polystyrene Sheets 72 15 1,080 5
Paint 5 20 100 5
Airstones 300 35 1,050 1
Winyl Tubing £00 18 108 1
Total g,863
Depreciation Costs 1,829
(Bailey 2012)
Component for Tilapia Production
Component CQuantity | Cost per component (5) Total Cost (5) Life Expectancy (yr.)
Rearing Tanks 4 1,200 4,800 20
Clarifiers 2 7040 1,400 20
Met Tanks 4 420 1,680 20
Cylindrical Tank 1 112 112 20
Jump 1 280 280 20
Water Piping 40 1.5 e0 20
Air Piping 40 1.5 e0 20
Shade Infrastructure 1 600 600 20
Shade Roof 1 800 800 5
Valves 4 11 44 10
Polyethylene Pipe 100 .2 19 10
Blower 1 BE5 665 10
Filter Netting 400 17 7,000 10
Circulating Pump 1 2820 220 5
Anti-Bird Metting 4 20 20 5
WVertical Lift Pump 4 280 1,120 3
Belt Feeder 4 185 740 3
Airstones 40 o4 376 1
Vinyl Tubing 160 18 28 1
Total 13,780
Depreciation Costs 1,897

(Bailey 2012)
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Data Summary

The total costs per unit for the tilapia and
lettuce  production components  were
$22,642. The total capital costs for a 24 Unit
Model would then be 24 x 22,642 = $
543,408. The following infrastructural

expenses were further added to this sum:

Breeding and hatchery facility: $ 149,172
Greenhouses: $ 11,600

Rainwater collection and storage facilities: $
236,356

Farm offices, workrooms, cold feed storage,

and farm vehicles: $ 90,000

Total Infrastructure Costs: $ 487,128

Total Capital Investment: 487,128 +

543,408 = $ 1,030,536

Operating Costs

The operating costs include the
variable costs, which depend on the level of
production, fixed costs, which was comprised
solely of the depreciation per unit, and other
miscellaneous costs listed in the chart below.
Like the capital cost above, this analysis was
split between the tilapia and the lettuce
production components of each unit. The
managerial, labor, and  maintenance
personnel of the 24 unit farm had the
following breakdown: 1 manager, 18 hired
laborers (2 employees for the fish
component, and 16 for the lettuce

component), and 2 maintenance employees,

for a total of 21 workers.

12
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Component for Tilapia Production

Units Price ar Cost per Unit (5] | Amount perUnit (5) | Value or Cost per 24 Units (5)
Receipts
Tilapia ke 551 3,004 409,336
Variable Costs
Fingerlings each 1.23 7,200 212,544
Feed kg 66 5,260 83,315
KOH kg 13 1040 3,120
CalOH)2 Kg 12 100 288
Electrical kWh 10 10,400 24 960
Supplies Unit 242320 1 58,157
Manager Unit Varies 0E3 25,000
Labar Unit 15,000 083 30,000
Maintenance Unit 15,000 083 15,000
Total VC 452,384
Fixed Costs
Depreciation 1896.68 1 45,520
Total FC 45,520
Miscellaneous Costs
Land Ha/fyr. 247 025 173
Overhead % VC 2E8% 30,176.13 20,278
Total MC 20,451
Total Costs (VC+FC+MC) 518,355
Returns from Investment
[Receipts —Total Costs) ~109,019

(Bailey 2012)

13
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Component for Lettuce Production

Units Price or Cost per Unit (3) | Amount per Unit (5) | Value ar Cost per 24 Units (5)
Receipts
Lettuce Cases 20 1,820 873,600
Variable Costs
Seedling Transplant Each .05 67,600 81,120
Boxes Each 2 1,820 87,360
Chelated Iron kg 5.7 17 2,326
Electrical k'wWh 10 5,200 12,480
Manager Unit Varies 083 25,000
Labor Unit 15,000 083 180,000
Maintenance Unit 15,000 083 30,000
Total VC 418,286
Fixed Costs
Depreciation 1,829.45 1 43,907
Total FC 43,907
Miscellaneous Costs
Land Ha/yr. 247 034 298
Overhead BWVC 2.8% 35,345.23 23,752
Total MC 24,350
Total Costs (VC+FC+MC) 486,543
Returns from Investment 387,057
(Receipts —Total Costs)

The successful translation of this this data to
future aquaponic farms in Cuba will depend
on the customer demand for the product
being sold. In this example, 35 cases of

lettuce, at 24 heads per case, were sold each

Sum of Returns: 387,057 - 109,019 = $ 278,038

(Note: All calculations done before taxes)

use.

week at a price of $20 per case. For such a
demand to exist, Cuba will have to continue
expanding its nascent, free market and put the

entrepreneurial spirit of its people to good

14
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ENVIRONMENTAL EFFECTS

The aquaponic system has an exceptionally
small negative impact on the environment.
The need for large agricultural equipment is
diminished, and with it, the systems carbon
footprint. An average tractor consumers 11
gallons of gasoline per hour which in turn
produces 19 pounds of carbon dioxide per
gallon of gas. With the aquaponic system,
only a fraction of the machinery is needed so
emissions will be very limited. Waste of
organic matter is minimal as well, due to the
continuous recirculation of the water in the
system. The plants’ capability to use
dissolved fish waste as fertilizer eliminates

the need to replace the water in the system.

In addition to minimizing waste and
emission, the aquaponic model is energy
efficient. According to the UVI case study

previously referenced, each unit requires just

2.5 horsepower for the blowers and a 0.5
horsepower water pump. This results in a
system that effectively uses 3 horsepower to
produce over 500 pounds of tilapia in just a
single harvest and up to 18 times as much
okra as the traditional field agriculture
method. (Rakocy, Bailey 2006)
The systtem’s only real detriment to the
environment involves an essential degassing
process which releases methane, hydrogen
sulfide, and nitrogen. These gases form as a
result of anaerobic conditions in the sludge
which accumulates on the fish tank nettings
used to capture particulate fish waste solids.

(Rakocy, Bailey 2006)

15



Cuba in Transition ASCE 2013

NUTRITION

The Status Quo

Despite the burdens of a closed socialist
economy, Cuba has succeeded, in its own
right, at providing basic health care and
nutrition for its people. With an average life
expectancy of 77.87 years, Cuba rivals some
of the wealthiest countries in overall life
longevity, including the US’s 78.49
(Nutritional ~ Country  Profiles, 2013).
According to UNICEF’s Multiple Indicator
Cluster Survey (MICS), the prevalence of
malnutrition among pre-school age children
in Cuba was below 5% in 2000, with the
highest prevalence rates (7%) occurring in
rural areas of the occident (Perez, 2009).
Body mass index information labeled only
9% of adult women and 6% of adult men as
“chronically energy deficient (Perez, 2009).”
These figures are at the forefront of
developing countries. Yet, despite its success

in curbing hunger with government-

sponsored projects like the rationing system,
nutrition is lagging at a time when economic
and cultural transformations are bringing

change at an accelerated pace.

A major contributor to the nutritional
deficiencies in Cuba is its culture of
unhealthy eating habits. Part of this culture
includes unhealthy energy distributions, low
vegetable, fruit, and whole grain intake, low
fish consumption, and a preference for sugary
or fried foods. In 2001, a nationwide survey
was conducted to ascertain the gastronomic
preferences of the general Cuban public; the
results are perhaps the best explanation for
the country’s “rising obesity rates, iron-
deficiency anemia, and escalating cases of
hypertension, cardiovascular diseases, and
diabetes (Perez, 2009).” Some of the most
common answers to the survey, which asked
the average Cuban what he/she would choose
to consume on a daily basis, were “a ham and

cheese sandwich, fried chicken and pork

16



rinds, white rice, white bread, few leafy
greens, and soft drinks with every meal
(Gorry, 2009).” As is the case with many
developing, middle-income nations, Cuba
has progressively adopted a diet rich in fats

and sugar, and a sedentary lifestyle.

The staples of the Cuban diet, many of which
are subsidized by the government through the
rationing system, consist of rice, beans,
chicken, pork, yucca, bananas and coffee
(Perez, 2009). The following table lists the

nutritional value of these products:

From the data, the summation of Cuban
staples is decidedly nutrient rich, but there
are deficits to be accounted for. For example,
while traditional Cuban foods are high in
Vitamin B6, they are low in a good deal of
the remaining members of the vitamin B
complex, including B12. Low levels of B1,
B6, and B12, coupled with a low vitamin E

intake (supported by the data) and aggressive

tobacco use, were responsible for the
incidence of the Cuban neuropathy epidemic
of 1991-1994, which has since then been
remedied by vitamin supplementation. More
recently, Cuba began to enrich flour with iron
as an effective and inexpensive way of
alleviating deficiencies in the mineral, which
has led to outbreaks of anemia throughout the
island. In addition, experts point to a lack of
information about the dangers of being
overweight, which leads to underestimation
of the consequences; a problem they aim to
solve through education initiatives. (Bailey

2012)

Most Prevalent Nutritional Issues Today
The most widespread micronutrient deficit
in Cuba is iron deficiency, particularly in the
eastern provinces of Guantanamo, Santiago
de Cuba, Holguin, Granma, Las Tunas, and
Pinar del Rio in the west. The lack of iron
enriched products and lack of consumption of

iron rich foods is the cause



for the regional trend of anemia incidences
prevalent in these provinces. It affects mostly
children under the age of two, and young
women who are of reproductive age or
pregnant. In fact, “30-45% of infants aged 6
to 23 month, 25-35% of young women, and
24% of pregnant women in their third
trimesters have anemia. (Perez, 2009)” A
conglomerate of ministries, including the
Ministry of the Food Industry, Ministry of
Agriculture, and Ministry of Domestic Trade,
is working to fortify food and provide iron
supplements, as well as increase accessibility
in the provinces that need it most. In 2009,
the United Nations agreed to allocate 8.5
million dollars to help in this effort for a
period of three years. A principle objective of
the plan is to curve anemia by working with
municipal level maternity homes, which treat
women with high risk pregnancies.

A conundrum of the Cuban
nutritional reality is that despite the shortages

in food, there is an increasing trend in the

number of overweight and obese individuals,
another serious health issue. Between the
years 1993 and 1998, the prevalence of
obesity, which was on the rise during the
1980’s, stabilized at around 5%, but has been
increasing ever since. Between 1995 and
2001, the percent of overweight individuals
rose by 10.6%, increasing the overweight
population of the island to just under 43%
(Perez, 2009). Women tend to be more
overweight than men and report higher levels
of obesity, with a staggering 15.4% and
7.9%, respectively, reporting obesity in 2001.
In addition 45% of those who are overweight
or obese accumulate the excess weight as
abdominal fat, which puts them at a high risk
for many chronic diseases, of which heart
disease, cancer, and stroke are the most
rampant. All three are very much influenced

by diet.
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Cuba’s Plan of Action

The island nation has implemented a nine-
point plan for healthier eating called the
Healthy Diet Guide (DRI). Designed for
health professional, the DRI outlines
necessary nutrients, the healthiest foods and
their combinations, the best ways to prepare
and store them, as well as the ideal weights
for people. To supplement this plan, Cuba has
gradually been reinforcing its nearly 500
community-based polyclinics with
nutritionists; as of 2009, 80% of those 500
have been assigned one. The following is a

list of major goals proposed for the year

2015:

1.  Increase percentage of Cubans who eat
2 serving of fruit daily to 40%, and those who
consume 3 serving of vegetables daily to
50%.

2. Increase percentage of Cubans whose

fat consumption is 20-30% of total calories to
45% of the population.
3. Decrease sugar consumption to 15% of
total daily calories for 55% of the population
4. Decrease the number of Cubans who
do not add salt to their meal to 95% of the
population.

5. Increase the number of Cubans who are
within the normal BMI range to 65% for adult
men and 56% adult women.
6.  Reduce obesity to 4% for adult men and
10% for adult women.
7. Reduce the incidence of anemia to 15%
for children less than 2 years of age, 19% in

for women of reproductive age, and 15% for

pregnant women (Perez 2009).

Sources of Nutrition from Aquaponics

While aquaponics agriculture is not a cure-all
for Cuba’s nutritional needs, it has the
potential to assist in the accomplishments of

some of the goals listed above. The most

19
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successful plants harvested using aquaponics Arctic char and bass. Of these, tilapia thrives
are leafy greens and herbs. These include best. The following nutritional analysis looks
green leaf lettuce, mustard spinach, chives, at the health benefits of the aforementioned
pak-choi cabbage, basil, and watercress aquaponics-friendly food products:

(Mission 2014, 2013). The most appropriate

fish species are tilapia, cod, trout, perch,

20
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Nutrition Afforded by Aquaponics Compatible Plants

Percent Daily Values
Sugar expressed in (g)

Lettuce | Spinach Chives Pak Choi Basil | Watercress | Tilapia

Nutrition Per5g | PerCup | PerlThsp | Per1Cup | Per5g | PerlCup | PerlOz.
Total Fat 0 ¥ 0 0 0 0 1
Cholesterol 0 0 0 0 0 0 5
Sodium 0 1 0 2 0 1 1
Carbohydrates 0 2 0 1 0 0 0
Dietary Fiber 0 17 0 3 0 1 0
Sugars 0g 0g 0g 1g 0g 0g 0g
Protein 0 7 0 2 0 2 15
Vitamins Per5g | PerCup | PerlThsp | Per1Cup | Per5g | PerlCup Per1Oz.
A 7 297 3 63 6 22 0
B6 0 11 0 7 0 2 2
B12 0 0 0 0 0 0 9

C 1 325 3 52 2 24 0

D * * * * * * *

E 0 : 0 0 0 2 1

K 10 * 8 40 27 106 0
Folic Acid 0 60 1 12 1 1 0
Minerals Per5g | PerCup | PerlThsp | Per1Cup | Per5g | PerlCup Per1 Oz.
Calcium 0 31 0 7 1 4 0
Phosphorus 0 4 0 3 0 2 6
Magnesium 0 4 0 3 1 2 2
Sodium 0 1 0 2 0 1 1
Potassium 0 15 0 5 0 3 3
Iron 0 12 0 3 1 0 1
ﬂgg{jng * Ed * * * * *
Copper 0 6 0 1 1 1 1
Chromium 0 Na Na Na Na Na Na
Manganese 1 31 1 6 3 4 1
Molybdenum Na Na Na Na Na Na Na
Selenium 0 2 0 0 0 0 22
Zinc 0 2 0 1 0 0 1

(Bailey, 2012)



Cuba in Transition ASCE 2013

One of the substantial benefits of the
aquaponics system is the symbiosis between
fish and vegetables, which allows for the
harvesting of relatively healthy protein
sources missing in a diet rich in red meats and
poultry. What’s more, the high vitamin and
mineral values of plants like spinach, pak-
choi, and watercress make this water and
space-efficient  technology a valuable
addition to the agricultural infrastructure in

Cuba.

IMPLEMENTATION

Short-Term

Our largest concern and our main objective
for this infrastructure analysis and proposal
are to implement the aquaponic system in
Cuba and in turn provide the citizens with a
large quantity of quality food which can be
produced simply and efficiently. In order to

turn this idea into a reality we must hone in

on the most effective method of
implementation on the island. Therefore, we
propose what we will call “An Engineered
Trickle Down”. It revolves around the basis
that we first propose the aquaponic system to
an area which has the energy resources, the
funding, and the people to create and

maintain it.

The initial implementation location of this
system would be an area well populated with
tourist attractions. We believe this is a
practical and realistic implementation
approach because these areas would profit
greatly from the aquaponic system by selling
meals to the tourists consisting of the fish and
vegetables produced. In addition, it could
serve as a tourist attraction.

Long-Term

Given our objective is to take a humble step

towards increasing the autonomy and

22



Cuba in Transition ASCE 2013

sustainability of the Cuban agricultural
model and improve the food security and
health of the ordinary Cuban citizen, serving
tourists with the yields of our aquaponic
system seems irrational. However, there is a
process by which this asset can perfuse into
Cuba’s smaller cities where a substantial

portion of the population may benefit.

This method is not completely theoretical as
some of its underlying principles are
evidenced by an economic structure in place
on the island today. Cuban government
officials, like many others on and off the
island, realized that serving tourists augments
the influx of hard currency many times the
value of the Cuban peso into the country
(Koont, 116). To satisfy tourists and
encourage additional tourism, edibles of
standard to high quality must be served.
Because the cost to import these edibles
largely neutralized the revenue gained from

tourists, a system of cultivo protegido or

greenhouses was set up near tourist
destinations to yield high quality
vegetables. Although petroleum products
and other building materials must be
imported to construct and maintain these
houses, this apparently costs less than
importing the vegetables served to tourists.
Koont describes the cultivo protegido

industry this way:

“So, the initiation of cultivo protegido can
best be understood as an import-susbstitution
strategy, aimed at increasing Cuban value-
added and foreign-exchange earnings. In fact,
to this day, the overwhelming share of the
output of Cuban greenhouses goes to earning
dollars through exportation, provisioning of

tourist hotels, and sales in the dollar stores.

(p. 116)”

A portion of the profits made through this
activity can be invested in improving the

power structure of small towns in the
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surrounding area in preparation for the
implementation of our aquaponic system. If it
IS incorporated into a cooperative near the
tourist location, individuals from neighboring
towns may work with the system and use the
technical knowledge and manual experience
gained to possibly construct and operate a
similar system nearer to their homes. Because
of the consistent power available in tourist
locations, these will effectively serve as
experimental grounds for the system where
design errors can be fixed and improvement
can be made. Thus, a system more fit for the

neighboring towns can evolve from our own.

CONCLUSION

The economic contraction of the early 1990s
caused enduring deficiencies in the Cuban
diet and diminished the food security of the
average Cuban citizen. The initiative of these

citizens, reinforced by government policy,

generated an urban agricultural movement
designed to improve produce availability in a
sustainable fashion. Despite these efforts, a

shortage of essential nutrients remains.

Our proposition improves the productivity of
urban gardens while maintaining a
sustainable practice through an aquaponic
system that creates a regulated symbiosis
between vegetation and livestock to increase
agrarian output. This system will not only
add critical nutrients to the Cuban diet
without harmful environmental effects, but it
could also serve as a source of hard currency
and jobs if the prescribed implementation is
considered. Our innovative model, and the
benefits it can generate, could also be
appropriated by other countries looking to
address similar problems through sustainable

means.
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