
Climate-Smart Innovations for Small-Scale 

Farmers for Food Security and Income Generation: 

Aquaponics in Latin America and the Caribbean 

and Southern Africa

Thad M. Jackson, Ph.D.



The world is facing 

two major challenges:

 Population explosion of 9 

billion people by 2050 

 Ongoing global climate 

change

Image source: publichealthmatters.blog.gov.uk



These two challenges 

could lead to:

 Widespread disruption of 

food resources and famine

 Large swings in 

temperature and drought 

conditions

Image source: http://time.com/27201/climate-change-could-cause-the-next-great-famine/



To avoid a worldwide calamity, 

everyone will have to play nice… 

science, industry, government, 

and especially agriculture



Agriculture will play a key role in 

the production of food and 

conservation of natural resources

 Big Agriculture will have a major role

 Tremendous strides have been made but 

additional technologies will be required



The smallholder farmer 

has an important role to play

“Smallholders provide up to 80 
percent of the food supply in 
Asia and sub-Saharan Africa.” 

FAO, IFAD



Smallholders face many issues

 Limited space (< 5 hectares)

 Little capital for infrastructure 

 Cost of fertilizers and insecticides

 Lack of suitable/high quality land

 Limited water resources

All have plagued the small farmer 
for centuries.



To address these challenges, 

INMED has developed a low-cost 

modular aquaponics system that 

addresses many of the needs of 

smallholder farmers



What is Aquaponics?



Why Aquaponics?

 Because it addresses 

many of the resource 

issues that plague the 

small farmer 



 Produces at least 10 times more crops in the same amount of space as 

traditional agriculture

 Consumes approximately 75% less energy than mechanized agriculture

 Uses 80-95% less water than traditional farming methods

 Produces its own nutrient-rich water as fertilizer and does not utilize any 

chemical pesticides, herbicides or fungicides, eliminating these major 

costs for the smallholder farmer

 Requires substantially less labor than required by almost all other food 

production methods

 Promotes strategies for adaptation to climate change and natural 

resource conservation

Benefits of Aquaponics



How Does it Work?

Water flow in an aquaponic system – side view



Nitrification cycle

Image source: 

commons.wikimedia.org 



Three basic techniques 

are used in aquaponics:

 Floating deep water raft system

 Nutrient film technology

 Ebb-and-flow system



Deep Water Raft System



Nutrient Film Technology



INMED employs the ebb-and-flow

 Low capital investment, utilizing local, readily 

available “off the shelf” materials

 Simplicity in design, construction and 

implementation

 Grow beds act as the filtration system, 

simplifying maintenance and construction



Ebb-and-Flow System

 No added fertilizers or chemicals 

(reduced fixed costs)

 Energy inputs are low (water pump 

runs for 15 minutes out of every 

hour)

 Ecological footprint smaller than 

many systems

 Resilient against extreme weather 

conditions



 Simplified, less expensive

 No complex filters

 No oxygen pumps

 Made from local materials

 Adaptable to:

 Available space

 Fish and crop preferences

 Climate conditions

 Food security and/or income 
generation

INMED’s Design



Resilient

INMED’s Design

The traditional crops of 

these farmers near the 

Zimbabwe border in South 

Africa were completely 

destroyed by floods in early 

2014, but their aquaponic 

crops and fish were 

unharmed. 



INMED’s Design

Modular design utilizing local materials

Relatively low cost investment



INMED’s Design

Medium-Sized Multi-Module Unit



Production Capacity & Space Requirements
Small Unit/ 

Individual Module

Medium 

Commercial System

Large 

Commercial System

Production 

Capacity

Sufficient to provide 

food security and 

modest income 

generation for a 

family of four

Multi-module unit capable 

of producing 2,000 kg/ 

4,400 lb fish (tilapia) 

+

26,000 kg/57,000 lb 

greens or 4,000 kg/8,800 

lb tomatoes per year 

(example)

Multi-module unit 

capable of producing 

3,000 kg/6,600 lb fish 

+ 

40,000 kg/88,000 lb 

greens or 6,000 kg/ 

13,000 lb tomatoes per 

year

Space 

Required

33 m2 / 355 ft2 223 m2 / 2,400 ft2 260 m2 / 2,800 ft2



Water Harvesting, Alternate Fish Feed, Solar Power

Growing duckweed directly 

in the aquaponics system to 

supplement fish feed
Powering 

aquaponics 

with solar

Roof and 

barrel 

rainwater 

catchment. 

Cisterns are 

also utilized.



Aquaponics 

Offers 

Increased 

Productivity

Outcomes

INMED’s aquaponic systems have 

produced 10 to more than 50 times as 

much per sq. ft. as traditional 

agriculture 

INMED’s aquaponic system at Belmont 

High School produces 20 lb. of 

scallions every 3 weeks in 48 sq. ft. 

Comparatively, the traditional land plot 

only produces 3 lb. of scallions every 6 

weeks in 320 sq. ft.

INMED’s aquaponic system at Dromilly 

Farmers’ Cooperative produced more, 

and higher quality, tomatoes in one 96 

sq. ft. grow bed than from their ¼ acre 

(10,890 sq. ft.) traditional plot, 

harvested in the same season.



Opportunity for the Disabled

Member of Thabelo Disabled Farmers 

Cooperative, Venda, South Africa, on the 

Zimbabwe border

Members of Tembisa Self Help 

Association of the Disabled, 

Gauteng, South Africa



Empowering Women

“Closing the gender gap could increase yields by up to 4%. 

This could reduce the number of undernourished people

by 130 million, or 15%.”

National Geographic, March 2014



Inspiring Youth

 Changing negative perceptions 

 Creating opportunities



Future of Aquaponics

Proof of Concept Demonstrated

 Technical feasibility 

 Market acceptance 

 Excitement among smallholders

 Viability in vastly different geographic and 

cultural settings

 Solutions to food security and climate change 

challenges



Future of Aquaponics

Next Steps

 Expand aquaponics for greater scale

 Finalize a series of online modular aquaponics 

and business training programs, online support 

and complementary reference materials

 Implement financing and mobile wallet banking 

program with partners for small-scale aquaponic 

farmers



Objectives

 Demonstrate 

commercial viability at 

scale

 Means of expansion 

available to small-

scale farmers



Purpose

 Food security and 

income generation for 

small-scale farmers, 

women and youth

 Small-scale farmers 

successfully adapt to 

climate change
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