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Hydroponics and aquaculture: New
systems for e�cient food production

1 August 2000
By Daniel L. Helfrich

Archer Daniels Midland project utilizes waste heat and
carbon dioxide

Two-week-old seedlings of Boston Bibb lettuce in greenhouse growing
trays.
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Archer Daniels Midland is a major agribusiness company whose core business is processing farm
outputs for manufacturers of animal feeds and human foods. This includes processing cereal grains
and oil seeds; producing feed and food additives such as citric acid, amino acids, and vitamins; and
merchandizing products around the globe.

With over 23,000 employees and 368 processing plants, ADM’s operations output enough to feed 130
million people every day, which explains the company’s slogan: “Supermarket to the World.” Clearly,
feeding the world’s people will be one of the biggest challenges of the 21st century.

ADM is committed to exploring new technologies to increase food production in a more e�cient and
environmentally friendly manner. Its hydroponics/ aquaculture operation is an example of one of the
many technologies that ADM has developed.

Byproduct utilization

Nearly 20 years ago, ADM corporate leadership recognized the opportunity to utilize waste heat from
corn processing to raise hydroponic vegetables on a year-round basis. A small facility was built in
Decatur, Illinois, USA, to begin exploring production methods. Since ADM is also a major producer of
environmentally friendly ethanol for fuel power, waste carbon dioxide (CO ) from the ethanol plant was
also introduced in the hydroponics greenhouses to enhance the available CO2 levels and increase
yields of the vegetable crops.

An aquaculture component was added in the early 1990s. The focus was to utilize the production
advantages already in place within the existing infrastructure, and explore the feasibility of raising
food�sh on a corn- and soybean-based ration.

The �rst few years were dedicated to research and development, and many species were experimentally
cultured, including cat�sh, hybrid striped bass, tilapia, freshwater shrimp, prawns, American and African
bullfrogs, and others. Tilapia was the species eventually selected for commercial production due to its

Author in hyroponic production area. Each 0.3-hectare greenhouse
produces 90,000 heads of lettuce (inset) using water �ow from one
7.5-hp pump.
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ease of breeding, durability, market demand, and most importantly, e�ciency at converting feed into
animal protein.

The hydroponics/aquaculture operation has grown to 10.5 acres (4.25 hectares) under roof. It currently
produces an average of 100,000 heads of lettuce and 20,000 cucumbers, as well as several thousand
pounds of tilapia �sh, every month of the year.

Hydroponics

The greenhouse facility produces “Boston Bibb” lettuce grown in a nutrient �lm technology application.
In this system, water is constantly circulated through the growing trays to provide optimum nutrient
availability for the plants at all times. The water solution is simply a balanced blend of the same
elements that would normally be present in the soil.

When plants grow in soil, they utilize a great deal of energy growing an extensive root system to search
for their food. Hydroponic culture produces rapid growth, because all the needed nutrients are
constantly available at the base of each plant.

ADM can produce a mature head of lettuce in as little as 35 days. Because the vegetables grow so
quickly they are classi�ed as “young, tender” plants and are nearly 100 percent usable.

All vegetables in the farm are harvested fresh and vacuum-cooled to lock in freshness, then shipped
fresh to markets daily. ADM utilizes a unique packaging system in which the Boston lettuce and some
herbs are shipped with the root system on. This means that each head of lettuce is still living when
purchased by the consumer. It simply does not get any fresher than that!

Tilapia production
ADM began with a small but innovative system where �sh were cultured in an integrated loop with
hydroponic plants. The current �sh production is a separate entity from the hydroponics section.

Above: Water from raceways (lower right) is treated by bead �lters
(left of raceways) and aerated as it is returned (splash above
raceways.) Right: Juvenile tilapia ready for stocking in raceways.
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One of the most unique aspects
of ADM Aquaculture is that it is
totally self-contained. Even
though hundreds of tons of �sh
have been shipped from the
building, no new tilapia have
been introduced in several years.
The company maintains its own
breeding lines and has total
control over the �sh “from egg
to market.” This results in
exceptionally high-quality �sh
with a feed conversion ratio of
less than 2:1.

Currently there are about 175
indoor �berglass raceways of
10,000 gallons (45 cubic
meters) each that serve as grow-
out tanks. These are stocked
with more than 2 million tilapia
fry, which are also produced
indoors. Water quality is
maintained using a recirculating
system with bead �lters as
bioclari�ers. Maximum water
replacement is 5 percent per
month.

No �sh are processed on site.
They are shipped live to large
metropolitan markets
throughout the U.S. and Canada.

Conclusion
As our population grows and our natural resources tighten, it will become increasingly important to
utilize resources e�ciently. ADM is committed to developing improved technologies to feed the world’s
people. The hydoponic/aquaculture project utilizes waste heat and carbon dioxide to produce high-
quality vegetables and tilapia on a year-round basis using minimal water input and vegetable protein-
based feeds.

Market-sized tilapia ready for harvest.
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(Editor’s Note: This article was originally published in the August 2000 print edition of the Global
Aquaculture Advocate.)
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