7. Spirulina’s Resource Advantages

7. The accounting system ignores resource costs.
It doesn’t take nature into account.

We do not know what a fast food burger really costs because the
economic accounting system simply ignores natural resource deple-
tion and the concept of sustainable development. Gross National
Product (GNP) figures and company balance sheets show man-made
capital depreciation, but amazingly, not the consumption of precious
soil, water, trees, minerals, fisheries or wildlife.

Accounting methods evolved many years ago when natural
resources were considered free and unlimited. We need to begin “tak-
ing nature into account,” asserts the World Wildlife Fund. Only when
the world economy shifts to natural resource accounting, such as the
system developed by the World Resources Institute in Wasting Assets,
Natural Resources in the National Income Accounts, will we be able
to measure the true cost of our food and all other products.
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2z The Hidden Costsof Food
Hidden Spirulina® Organic  Agribusiness meat/
Cost . it farmi iai

Poisons in foods (from production and processing)

Pesticides NO NO YES YES
Herbicides NO NO YES YES
Preservatives NO NO YES YES
Additives NO NO YES YES
Animal antibiotics NO NO NO YES
Carcinogens NO NO YES YES

Higher medical costs
(cancer, heart, organ and degeneratlve disease)

Your medical bills NO NO YES YES
Medical insurance NO NO YES YES
Gov't health payments NO NO YES YES
Genetically Modified Organisms (GMOs)

Unknown health risks NO YES YES
Government farm subsidies

(higher taxes) NO NO YES YES
Ecological destruction (from poor resource management)
Loss of topsoil NO NO YES YES
Loss of fresh water NO NO YES YES
Loss of forests NO NO YES YES
Greenhouse effect NO NO YES YES
Loss of plant/animal species NO NO YES YES
Toxic cleanup costs coming due

Soil pollution NO NO YES YES
Water pollution NO NO YES YES
Cleanup costs NO NO YES YES
Global militarization costs

(higher taxes) NO NO YES YES
Higher debt burden

(taxes and interest) NO NO YES YES
Exploitation

Earth resources NO NO YES YES
Animal torture NO NO NO YES
Human suffering NO NO YES YES
Overall:

Sustainable Path  YES YES NO NO

a. source: Earthrise Farms.
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Spirulina prices reflect true costs

Like growing organic food, growing spirulina does not hide costs.
Eating spirulina and organic foods will improve your health and
lower your medical bills, compared to a diet rich in meat and conven-
tionally grown foods. There are no big government subsidies for
spirulina. Ecological cultivation does not cause pollution, soil ero-
sion, water contamination or forest destruction.

Production costs range from $10 to $20 per kilo for commercial
farms, depending on size and location. Farms with resource advan-
tages like those in alkaline lakes may have lower production costs,
ranging from $5 to $15 per kilo. Farms with year-round tropical
growing seasons, energy and nutrient advantages, and extraction
facilities for high-value products, may be able to produce a protein
byproduct for a few dollars per kilo. This will become more price
competitive with conventional proteins when the hidden costs of food
production are taken into account. Whether or not the hidden costs are
added in, spirulina production has resource advantages over conven-
tional foods.

Comparative Protein Yields

7.5. Comparative protein yields (The Futurist, Feb. 1985).

=
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Spirulina resource advantages
An environmentally sound green food revolution.

Spirulina cultivation does not cause pollution, soil erosion, water
contamination or forest destruction. Spirulina is grown without toxic
pesticides and herbicides. These assurances are important to the con-
scious natural food customer.

Land and soil are conserved.

Spirulina is 60% protein and can be cultivated on marginal, unus-
able and non-fertile land. Its rapid growth means spirulina protein
needs 20 times less land than soybeans, 40 times less than corn, and
200 times less than beef production. Spirulina offers more nutrition per
acre than any other food, but doesn’t even need fertile soil. Higher
food production can be achieved while returning cropland to forest.

Land Area Needed to Produce
One Kilogram of Protein

Sq. Meters Quality

Spirulina’ 4 0.6 | non-fertile
% protein
Stg?rheans T 16 fertile
protain
Corn’ T A 22 fertile
9% protein

Grain-fed [ {50 (000 (500 00 00 600 190 fertile
Feedlot  JF77 G0 (007 (0 (00 A0 G007
?ﬂiﬂmm ST ST T T

@, (ita, Earthrise Farms, California 16585

b Leasley, at al. “A low amn%.' methad of man Jra-:ﬂun-}g high-grada profein using spinlina,”
Univarsity of Texas, 1980, Fimentel, 1975, LISDA

One kilo of corn protein causes 22 kilos of topsoil loss. One kilo
of protein from corn-fed beef is even more destructive, causing 145
kilos of topsoil loss from the cattle eating all that corn. Spirulina cul-
tivation causes no topsoil erosion.
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More efficient water use.

Even though spirulina grows in water, it uses far less water per
kilo of protein than other common foods. At spirulina farms, water is
typically recycled back to the ponds after harvesting. Because the
production ponds are usually sealed with liners, very little water seeps
through the ground compared to conventional crops. The only sig-
nificant loss is by evaporation.

Spirulina protein uses 1/3 the water as soy, 1/5 as corn, and only
1/50 the water needed for beef protein. In the California desert, only
8 gallons of water are used to produce a single 10 gram (20 tablet)
serving of spirulina. This is much less than for servings of other foods
grown in the U.S.: 15 gallons for a serving of bread, 65 for milk, 136
for eggs, 408 for chicken and 1303 gallons for a hamburger:

Water Needed to Produce
One Kilogram of Protein

Liters Quality

Spirulina” 2100 | brackish
% protain
?beans: SOO¢ 9000 | fresh
protain
Corn® ¢dedé 12500 | fresh
9% protein
Grain-fed &O00000800008¢ 105000 fresh
Feedlot dddd x / g‘ ,~ { O : ¢
Beef" zfgf,”w-/,z,”z
20% protein g

%, Ota, Earthrise Farms, Califomia 1585
b Digt fior & Smail Planat, 1982, pg. T6-77, Dr. David Pimental, Comell University, 1981,

Fresh water is one of the world’s most critical resources. Spirulina
can use brackish or alkaline water, unsuitable for agriculture. Growing
algae for food will become more attractive since it does not compete
with needs for drinking or agriculture.
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More efficient energy use.

Spirulina requires less energy input per kilo than soy, corn or beef,
including solar and generated energy. Its energy efficiency (food
energy output per kg / energy input per kg) is 3.5 times higher than
soy, 1.4 times higher than corn, and over 100 times higher than grain
fed beef. As cheap energy resources are depleted in the next 20 years,
costs of energy dependent foods will rise with energy prices.

Energy Efficiency
(Million Kjoules Per Kilogram of Product)
Total Energy Food + Residual Energy
Output Energy Output Output/ Input
5£,f rulina’ 3.8 23 6.1
& protesn
Soybeans” 1.7 13.8 1.2
34% protein
Corn’ 5.5 16.5 3.0
8% protein
Grain-fed
Feedlot Beef" 456 16 04
20% protein
By Ota, Earthrise Farms, Califomia 1895
b Lessley, et al, A low energy method of manufactusing high-grade protein using spinulina
University” of Texas, 1980, Pimantal, 1975. USDA

A big oxygen producer.

Forests help absorb carbon dioxide. Trees are the best land plants
for fixing carbon, from 1 to 4 tons per hectare per year.” Spirulina is
even more efficient. In the California desert, spirulina fixes 6.3 tons
of carbon per hectare per year and produces 16.8 tons of oxygen. In
the tropics it is 2.5 times more productive."”

Understanding carbon budgets is an emerging field of study. For
example, how much new forest area should be planted to offset car-
bon emissions? In 1988, World Resources Institute recommended a
U.S. utility plant 52 million trees in Guatemala to offset CO2 emis-
sions of a new U.S. coal burning power plant over 40 years." Carbon
budgets will be taken seriously as our planet struggles with global
warming from the buildup of atmospheric CO2.
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Three problems facing global food production
Agricultural: Limits of the green revolution.

Many consider the green revolution of the 1960s and 1970s to be
a successful agricultural achievement. India and Indonesia are cited
as examples of new food self-sufficiency, with an average yield per
hectare increasing from 1.1 to 2.6 tons. Yet, the Worldwatch Institute
concludes this approach has failed in several ways:2 Success has not
been distributed evenly. New seeds, fertilizers and pesticides boosted
yields of export crops of wealthier farmers with money and access to
irrigation. Yields of locally consumed food of subsistence farmers on
marginal rainfed land did not benefit as much.

By 2020, our planet will have 2 billion more people, over 7 billion
total, with an unprecedented need for food. As people grow wealthier,
especially across Asia, there is demand for more diverse foods such
as meat and dairy which require large amounts of grains. Unfortunately,
Worldwatch reports grain growing area peaked in 1981, and has
fallen more than 5% since. Yields are down as irrigated area has
begun to shrink and fertilizer use is curtailed due to diminishing
returns.” Big losses of fertile farmland continue to result from deser-
tification and soil depletion. We are running out of space.

World Resources Institute agrees new approaches are needed.
“Agricultural research has changed its perspective since the days of
the Green Revolution. Although production oriented research which
was responsible for developing high yield varieties is still at the fore-
front, some researchers are now increasing emphasis on the needs of
poor farmers and on ecologically sustainable agriculture.”

Political: Food is not evenly distributed.

Many food experts claim the problem is not production, it is equi-
table distribution. A landmark book in the 1970s, Food First, claimed
food is produced for profit, not people.* Although the world food sup-
ply is adequate to end hunger, chronic hunger persists, victimizing
one third of the world’s people, and primarily children.

Today, the developing world is worse off with its debt burden.
Wealthy elites of developing countries took on debt in the 1970s for
over-ambitious and ill-conceived development schemes. Now these
countries cannot repay the interest on the debt, and their people suffer
with austerity programs imposed by the IMF, the World Bank and
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governments. These debtor countries are using their limited agricul-
tural resources to grow export crops for hard currency to pay the
interest on their debt, and not for food for their own people.

The underlying cause of political instability in these regions is the
inability of people to control their own resources. Many would agree
with the theme of the Hunger Project: “Although the world can feed
itself, food is not evenly distributed. Hunger persists wherever people
lack opportunity to participate in their society and end hunger.”

Environmental: Food growing area are declining.

There are few signs these inequities will soon change. Not only do
many people continue to suffer chronic hunger, the environment con-
tinues to deteriorate. Desertification and soil depletion worsen from
the stress of chemically produced export crops, livestock overgrazing,
poor soil management, pollution and rainforest destruction.

A 1983 U.N. Food and Agriculture Organization (FAO) report
concluded the developing world as a whole is capable of producing
sufficient conventional foods to sustain its own population by the year
2000." Yet, because the unrestricted movement of food within the
developing world is unrealistic, 65 countries would have insufficient
resources to meet their food needs by 2000. The excess population
dependent on imported food will rise to 440 million people. These
regions include over 20% of Africa where millions of people live.

Worldwatch reports desertification claims 15 million acres world-
wide each year, an area the size of West Virginia. According to the
U.N. Environmental Program (UNEP), “11 billion acres — 35% of the
earth's land surface — are threatened by desertification and, with them,
fully one-fifth of humanity.”* Successful economies gobble up crop-
land. “Asia is losing ground. The development boom is eating away
Asia’s cropland. Unless this trend is reversed, political leaders may
find themselves facing a new national security problem: food.”"

All three problems combine for maximum impact: 1) The green
revolution has reached its limits, 2) world food distribution is not
likely to change dramatically, and 3) cropland is lost due to eco-
nomic growth and environmental deterioration. As farmed land turns
into desert, or is paved over for infrastructure, less fertile land is avail-
able, while population is growing. To face these problems we need
unconventional food sources with higher yields.
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Advantages of spirulina production

This is where a new food resource such as spirulina can be benefi-
cial. For food self-sufficiency, these areas need new food production
and economic opportunity while simultaneously restoring the
environment. Unconventional foods such as spirulina, microalgae,
aquaculture, salt-tolerant crops and new drought-resistant grains and
legumes offer help for these arid regions. New types of seawater-
tolerant spirulina may become available. Adapted algae strains
may have a higher content of desired nutrients or grow better in
cold weather.

Facing a serious loss of cropland and higher food imports, China
has declared spirulina a national food priority. In recent years, over 50
spirulina farms have sprung up, many in southern China, making this
country the largest producer.

Areas of chronic malnutrition are most common in the arid tropics
and subtropics. Here, diets are high in carbohydrates and sugars, but
low in protein, certain vitamins and minerals. Spirulina thrives best in
these locations, and is a perfect complement to the typical diet. It
speeds recovery from malnutrition. It is more digestible than other
plant, dairy or meat products. This is important for victims of malnu-
trition with poor ability to digest food.

Global warming may create drastic climate change. The world’s
most productive crop regions could fail to produce food because of
excessive heat and lack of rainfall. This drought situation is feared for
the great North American grain belt. A climate crises could trigger
worldwide food shortages and a scramble to find solutions. Microalgae
require less land and water than other protein foods and can grow in
hot climates where other crops cannot.

Today, while commercial farms grow spirulina as a health food for
millions of people on six continents, lake harvesting and village-scale
farms in Africa, Asia and South America can produce food for local
people. Using appropriate technology, they address needs of waste
treatment, soil and water quality, reforestation and food production,
offering a context for the revival of the environment and the economy
of villages and entire regions.
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Chapter 8

Spirulina in the
developing world

Each day, 40,000 children die of malnutrition and related
diseases. One dream behind spirulina was developing it as
a new food resource for a hungry world. One tablespoon a
day offers remarkable health benefits.

The United Nations World Health Organization (WHO)
in Geneva has confirmed:

“Spirulina represents an interesting food for multiple
reasons, and it is able to be administered to children with-
out any risk. We at WHO consider it a very suitable
food.”

* Benefits of one tablespoon a day.

* Bioneering visions.

* Integrated village scale systems.

» Three experimental village projects.

e Child nutrition and small scale farms in India.
* Harvesting from lakes in Myanmar.

» Hope for the world’s children.
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Benefits of one tablespoon a day

Spirulina offers remarkable health benefits to an undernourished
person. Its rich beta carotene can overcome eye problems caused by
Vitamin A deficiency. The protein and B-vitamin complex makes a
major nutritional improvement in an infant’s diet. It’s the only food
source, except mother’s milk, containing substantial amounts of an
essential fatty acid, GLA, which helps regulate the hormone system.

One tablespoon a day can eliminate iron anemia, the most com-
mon mineral deficiency. Spirulina is the most digestible protein food,
especially important for malnourished people whose intestines can no
longer absorb nutrients effectively. Clinical studies have shown it
helps rebuild healthy intestinal flora.

These health benefits have made it an excellent food for rapid
recovery of children from malnutrition related diseases in Mexico,
Togo, Romania, China, Rwanda, Zaire, India, Ukraine and Belarus.

Bioneering visions

In the 1960s and 1970s, small groups of scientists, promoters and
visionaries understood what this microalgae could become. Larry
Switzer, wrote about his hope for a breakthrough in production:
“It had to be more productive than conven-
tional agriculture ... adaptable to different
climates and cultures ... appropriate ecologi-
cally, economically and socially ... indepen-
dent of the vested interests in world food
production and distribution ... capable of
relying on renewable energy and waste or
| abundant raw material resources. It would
have to represent a major expansion of the
| photosynthetic energy base that supports all
life on Earth.” 8.2. Larry Switzer, 1993.

“Finally, it would have to radically improve the supply, distribution
and consumption of essential protein to millions of pregnant and nurs-
ing mothers, infants and children. It is absolutely critical to provide
nutrition to the deprived embryos and infants of the world to preserve
the precious creative genius that is waiting to be released from each
fully developed human mind.”
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In 1976, Switzer proposed to the Nigerian Government that oil
money finance farms along the shores of Lake Chad to feed the coun-
try’s growing urban masses. But the novelty of algae, lack of interest
in food production, and a political coup doomed this plan. The lesson
learned was to develop the technology and a consumer market in the
United States first, and then apply it to the Third World.

Switzer founded Proteus Corporation and the Earthrise Company
which built the first farm in California, the forerunner to Earthrise
Farms. Earthrise introduced spirulina in 1979.

Beginning of village scale technology

Parallel to commercial production has been the notable work of
Ripley and Denise Fox, who developed the Integrated Health and
Energy System and founded the non-profit organization, Association
Pour Combattre la Malnutrition par Algoculture (ACMA) to help
fund these projects.

The Foxes grappled with the
most fundamental problem: the
lack of opportunity. Large commer-
cial farms could produce spirulina,
but if the hungriest people had no
money to buy it, they would never
get any. They must grow it them-
selves, but without the money to
buy nutrients, how could a village
project be self-sustaining?

8.3. Denise and Ripley Fox, 1987.

Villages have an abundance of human and animal wastes — a
source of pollution and disease. Intestinal parasites, spread by contact
with wastes, consume 30% of the food eaten by people. The first step
in improving health and increasing effective food production is
eliminating intestinal parasites through sanitation and waste treat-
ment. Properly handled, wastes can be converted to energy, compost,
clean nutrients and even food. “One recycles the wastes already pres-
ent in the village,” says Dr. Fox. This is the foundation of the
Integrated Health and Energy System, described in his books,
Algoculture: Spirulina, Hope for a Hungry World, and Spirulina,
Production and Potential (1996)+

133



Spirulina « World Food

The integrated health and energy system

The enthusiasm, participation and training of the village people
are vital to the success of the integrated system. Villagers must be
shown how they can improve their own sanitation, health, nutrition
and village ecology, and the means to generate income from the com-
post, biogas fuel, fish and algae. The system is flexible enough to
accommodate various cultural traditions.

Latrines eliminate the source of intestinal parasites. Where houses
are spread out over a wide area, family latrines can produce compost
to improve soil fertility. In a village center or market, central latrines
can provide continuous wastes to a biogas digester.

Animal manure and plant waste are added to the digester which
ferments the waste and breaks it down into gas, liquids and solids. A
simple gas separator separates biogas into methane (a fuel for cooking
and lighting) and carbon dioxide (a nutrient for spirulina). The liquid
effluent is sterilized in a series of solar heated pipes and becomes a
safe mineral nutrient source for the spirulina pond. Sludge is removed
from the digester and composted before spreading on soils.

Solar photovoltaic panels produce electricity to run the paddle-
wheel in the pond, auxiliary lighting for other facilities, as well as
recharging batteries. The spirulina is screened from the pond water
and can be added to the aquaculture pond to feed fish or dried in a
small solar drier for human food.

Other important elements of the system include a clean water
system and tree planting. Livestock pens are strongly encouraged to
help prevent overgrazing, the primary cause of desertification in
Africa, leaving whole regions denuded and vulnerable to drought.

This Integrated Health and Energy System is a systemic approach
to community problems. To succeed, the people themselves need to
participate and alter some of their old habits to help revitalize their
community. Each successful project becomes the inspiration and
training center for the surrounding villages.

The design for the Integrated Health and Energy System won the
prestigious 1987 European Award for Appropriate Environmental
Technology, sponsored by the European Economic Community and
the United Nations Environmental Program.
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8.4. Layout of the Integrated Village Health and Energy System.
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Three experimental projects

“Every nation is supported on the shoulders of its villages,” says
Fox. “We believe by providing technical assistance to improve sanita-
tion and agricultural output and by saving the trees, we can increase
the vitality of these villages.”s Since 1981, Ripley and Denise Fox
have worked to bring these tools to the Third World.

Karla, India — the first integrated system

Karla village is near Wardha, famous for Mahatma Gandhi’s ash-
ram. The Center of Science for Villages (CSV), an organization
inspired by Gandhi’s vision that India’s strength lies in the strength of
its villages, operates the village system in Karla.

This project derived income from compost and fish sold to local
villagers, and from spirulina sold in Bombay. The CSV has distrib-
uted spirulina cookies and noodles to local children with great suc-
cess, and chapatis are another local favorite.

Since algae grown on waste nutrients must be proven safe to
consume, it was important to show pathogens in the original human
and animal waste were destroyed in the biogas digester and solar
sterilizer. A six month study showed pathogens were virtually
eliminated and were lower than in other local foods.

8.5. Dr. Ripley Fox and assistants discussing cultivation in Karla, India.
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Farende, Togo — a remote African village

Less than 100 years ago, Northern Togo in West Africa was home
to lush forests, elephants and tigers. Today the big animals are gone
and little stands in the way of the Sahara sweeping south. These arid
grasslands are home to an exploding human population. Family
compounds dot the fields and hillsides. The hard working Kabyé
people grow millet and root crops. But soil quality in marginal.
Growing numbers of people stress the carrying capacity of the
environment. Severe problems lie ahead.

The remote village of Farende participated in an experimental
project to grow spirulina. Solar panels charged truck batteries to drive
the paddlewheels in the basins. A small 100 square meter basin could
grow enough to supplement the diet of 100 children a day. Pouring
the pond water through a screen, spirulina became a thick paste, then
was loaded on a screen in a solar heated dryer. Dried algae was dis-
tributed at the health clinic.

8.6. Tending the growing basin in Farende, Togo, 1989.
Solar dryer in background.

Undernourished children took spirulina as a daily supplement at
the health clinic. The head nurse told the mothers about its benefits.
One tablespoon a day mixed with water brought remarkable results.

137



Spirulina « World Food

8.7. Dr. Ripley Fox and assistants harvesting through screens.

Children found the taste of this “green medicine” acceptable and
within a week began to show signs of health improvement and gain
weight. Mothers from the surrounding countryside brought their chil-
dren every week to participate in a clinical feeding study in 1989.

N TN
: T

8.8. The local health clinic nurse introduced children to spirulina.
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8.9. The people of Farende, Togo (Photocollage by R. Henrikson).

From 1984 to 1990, the Foxes assisted the Eglise Evangelique du
Togo in building this experimental system, operated by two young
village men appointed by the elders. Also cooperating was the U.S.
Peace Corps, teaching people about soil composting, vegetable
gardening, conservation and growing trees. The first corporate
sponsors were DIC of Japan and Earthrise Company of California.

San Clemente, Peru — an urban shantytown

The hot arid coast of Peru with its poor land and scarce fresh water
is a typical climate for spirulina. San Clemente is a new town near
Pisco, its population swelling from 10,000 to 40,000 in less than five
years. The town, perpetually broke, did not have sufficient funds for
a sanitation or water system for the shantytown.

This integrated system was funded by ACMA, private donations
from France, and the Earthrise Company. The mayor and towns
people, the Cooperacion Popular and members of the French embas-
sy opened the project in 1987. Plans were made to distribute algae
through the local canteens to slum children whose parents could not
feed them properly. Unfortunately, due to the political chaos, civil
war and local unrest, work was halted at the close of 1988.
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Reducing eye disease in India

The world’s largest spirulina nutrition program with 5,000 chil-
dren was finished in 1992. Children near Madras consumed one gram
aday for 150 days. This small amount provided the daily requirement
of beta carotene (Vitamin A) which helps prevent blindness and eye
disease. A symptom of Vitamin A deficiency, Bitot’s spot, a scarring
of the conjunctiva of the eye, decreased from 80% to 10% s

Spirulina was given to children in
extruded noodles, sweetened with
sugar to preserve beta carotene.
Called “Spiru-Om,” it was well
accepted by the children. This
project was sponsored by the
Indian government and was lead
by Dr. C.V. Seshadri of the
Murugappa Chettiar Research
Center in Madras. It is hoped this
program can be extended to other
districts in India.

8.10. Dr. C.V. Seshadri, with Dr. Ripley Fox and R. Henrikson, 1993.

One goal of the program was to provide an alternative to the cur-
rent Vitamin A therapy, giving massive doses of imported pure
Vitamin A every six months to children.

8-11. A spoonful of “Spiru-Om” noodles is given to a small child.
(Courtesy of C.V. Seshadri‘)
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Family scale cultivation in India

An even better solution is growing spirulina locally, and giving it
to children. Another government sponsored project in Southern India,
provided small backyard basins to women for family nutrition.” This
could develop into local village networks of ponds to combat Vitamin
A and general immune deficiency conditions.

-
g R

8.12. Home cultivation and harvesting in a village in Tamil Nadu,
India. (Courtesy of C.V. Seshadri®)

The All India Coordinated Project on Algae began in 1976 to har-
ness algae as biofertilizer and to cultivate it for human nutrition and
animal feed at both commercial and rural levels. Original work began
with scenedesmus, green algae, but later, spirulina was chosen
because of its advantages. In 1991, the Indian government launched
large scale nutritional studies. To demonstrate national interest, the
Ministry of Health issued official standards for food grade spirulina.

India may be the only country in the world conducting a joint
effort by many government agencies covering all aspects of spirulina,
from simple cultivation basins to large scale commercial farms. The
government has sponsored large scale nutrition studies with animals
and humans and has investigated therapeutic uses.*
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Harvesting from lakes in Myanmar

Four volcanic lakes with natural spirulina blooms were studied
beginning in 1984. Production began at Twin Taung Lake in 1988,
and by 1999 increased to 100 tons per year. About 60% was har-
vested from boats on the surface of the lake, and 40% was grown in
outdoor ponds alongside the lake. During the blooming season in the
summer, when spirulina forms thick mats on the lake, people in boats
collect a dense concentration of spirulina in buckets.

8.13. Harvesting with buckets from the lake. (Courtesy of Min Thein9)
8.14. Spirulina poured into cloth cones for dewatering.
Spirulina is harvested on parallel inclined filters, washed with fresh
water, detwatered and pressed again. This paste is extruded into
noodle like filaments which are dried in the sun on transparent plastic
sheets. Dried chips are taken to a pharmaceutical factory in Yangon,
pasteurized, and pressed into tablets.

Almost the entire production is distributed inside the country.
Millions bottles of locally grown tablets have been sold in Myanmar.
People report improvements in the intelligence of children, fertility of
couples, faster wound healing, increased mental awareness, more
energy for older people, acceleration of immune response, and even
better meditation practices for monks and nuns.?

By adding growing ponds along the lakes and installing a more
efficient harvest and drying system, Myanmar has the ability to
become an even larger world producer.
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Hope for the world's children

In the developed world, spirulina is an established health food
with a growing reputation of making healthy people even healthier. It
has been recognized as a “national food” by the two most popu-
lous countries, India and China, where cropland is in short supply.
Both countries are becoming major world producers.

In India and Vietnam, it is recommended for nursing mothers. For
newborns, malnutrition is often caused by a lack of mother’s milk, the
mother herself often being ill. Spirulina given to the mother helps a
return to lactation and the babies rapidly gain weight."

6.15-16. Baby saved from malnutrition by spirulina,
before and after in Togo, West Africa.

In Ho Chi Minh City, Vietnam, in 1990, doctors conducted nutri-
tion trials in two orphanages. Food formulas containing 5% spirulina
had a better effect than soya at much lower levels."

In a bush hospital in Zaire in 1990, spirulina in corn flower
cookies improved health of children with severe protein-energy mal-
nutrition.? In the Central African Republic in 1992, a clinic treated
200 children a day, improving the health of those with kwashiorkor
and marasmus.” In Rwanda in 1993, children with kwashiorkor were
given algae at a dispensary. After 15 days, their mothers wanted to
buy spirulina and learn how to grow it in their village.

Mothers and children around the world are embracing spirulina. In
this coming decade we hope to witness an even more rapid accep-
tance to benefit the next generation.
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Chapter 9

AU O
Microalgae’s role
in restoring our planet

Understanding the role of microscopic algae, the foun-
dation of life, can help us develop restorative models of
personal and planetary health. Algae is an essential part of
Earth’s self-regulating life support system.

Big investments in the algae biofuel of the future will
dramatically lower algae production costs for our future
food and its own bio-packaging from algae. Innovative
schemes and dreams using microalgae promise to help
regreen the desert, refertilize depleted soils, farm the
oceans and encourage biodiversity.

* Big hopes for algae as the biofuel of the future.

* New algae products from the source of life.

* Algae life support systems in space exploration.

* Ecological communities on Earth.

* Farming alkaline lakes, regreening desert, sea farms.
* Algae biofertilizers restore soil fertility.

* Planetary restoration and individual transformation.

145



Spirulina « World Food

Big investments in algae biofuel will grow
our future food and its own bio-packaging

Today, algae is called the
B<Algae cbioplascicd | pigfiel of the future.” Over 30

-“_ : Coody | YEAS ago, the ﬁr§t glgae entrepre-

o neurs were building ponds in

[ _%p Mexico, India, Israel, Japan,
!

> Taiwan, Thailand and the USA.
The first algae food supplements

were introduced into US natural

food stores in 1979. Growing
food with 20 times the productivity as conventional crops, algae prom-
ised to become the ‘food of the future’.

The dominant technology for spirulina production for food supple-
ments has been open ponds with paddlewheels in warm, sunny cli-
mates. Some other specialty algae products have been cultivated in
closed or fermentation systems. But production costs have remained
high due to a combination of these factors: using agricultural land,
fresh water, clean nutrients, skilled personnel, servicing big invest-
ments for pond systems, harvesting and drying infrastructure, and
complying with food and quality regulations.

With production costs over $10 per kilo, growing algae is still ten
times the cost of many commercial foods and feeds. Annual world
microalgae output may have reached 10,000 tons of spirulina, chlo-
rella, dunaliella and hematoccocus. Even big commercial algae farms
are relatively small, less than 100 hectares in size.

Nevertheless, the number and variety of high value food and spe-
cialty products from algae has flourished. Today, algae is an ingredient
in thousands of products for food, feed, colors, nutraceuticals, medici-
nals, cosmetics and personal care, biofertilizers and fine chemicals.

Today's big investments in algae may take a decade to reach com-
mercial biofuels. To deliver competitive algae biofuel, companies
will need to crush costs to $1/kg or less! Algae food and bio-plastic
products are likely to arrive earlier, since fuel is one of the least valu-
able end products. We'll see healthy algae omega 3 oils and protein
food and feed products, rebalancing our diets, and algae based resins,
biopolymers and bioplastics replacing fossil fuel chemical products.
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How will production costs come down? Biomimicry.

Algae ventures have raised over a billion dollars for algae biofuel
R&D and production. Innovations and breakthroughs will dramati-
cally change the way algae has been produced for 30 years. How?

Discover better performing algae cultures. With big R&D budgets,
scientists can screen, identify and engineer strains of algae with supe-
rior properties, faster growth rates, and ability to grow in low light
and temperature and high saline, brackish or ocean water.

Develop simpler design and technology. Rethink, redesign and
reengineer growing, harvesting, processing and drying to reduce
capital costs for equipment, operating costs and power use.

Use marginal land and water just like nature. To grow on the large
scale needed to produce biofuels, find remnant flat land and ocean,
saline, brackish or waste water located near nutrient resources.

Use waste nutrients just like nature. To lower costs, recycle waste
CO2 effluent, animal and plant wastes, which are costly problems
today. Ferment agricultural, animal, industrial and waste streams into
carbon, nitrogen, phosphorus, potassium and trace nutrients to feed
the algae. Or grow algae by cleaning up municipal waste.

Use all the algae biomass just like nature. Start with the end prod-
uct and work backwards. What products can be sold, for how much,
and how will markets be developed for those products?

Create multiple revenue streams to offset costs. Environmental
services may include CO2 and pollution mitigation, wastewater treat-
ment, biomass and waste heat for electricity and carbon offsets. Non-
fuel algae products may represent the 70% of the biomass. Potential
revenues include algae oil and lipid supplementation for animal feed-
stocks, biofertilizers, fine chemicals and bio-plastics, extracts for
pigments nutraceuticals, pharmaceuticals and medicinals.

Get big. Scale up to thousands of hectares. Along the way, demon-
stration farms will prove out technologies will generate revenues
from non-fuel products for smaller markets.

Exploit the unexpected- carpe diem. Investment drives innovation,
creates serendipity and breakthroughs. Who knows what will unfold
that we haven’t thought of yet.

The dazzling array of eco-products coming from algae will be
healthy for you and our planet.
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Algae life support systems in space

The International Space Station originally envisioned a Controlled
Ecological Life Support System (CELSS), providing oxygen and
food for humans living in space and recycling the wastes. Because
designs left limited room for plants, scientists looked at algae.

9.3. Artists conception of a space colony, depicting fields and ponds.

Early experiments demonstrated shrimp and mice could live in a
completely sealed environment with a food supply. Algae consume
carbon dioxide exhaled by the shrimp and mice, and exhale oxygen
for them to breathe. These experiments proved algae can make
enough oxygen to keep animals alive in a small, closed system.!

Algae have a higher photosynthetic efficiency, releasing more
oxygen and producing more food than any other plant. Nutrients will
come from the carbon dioxide exhaled by humans and recycled
human and food wastes. This solves the problem of disposing of
wastes during space travel. Rapid growing algae turn waste into puri-
fied water, nutritious food and oxygen sufficient to support humans.

NASA-Ames and the National Aerospace Lab in Japan proposed
food production using spirulina and chlorella in a photosynthetic gas
exchanger:. Wastes are heated to very high temperatures, turning
them from semi-solids to gases. These gas nutrients are pumped into
the algae tank along with carbon dioxide exhaled by the astronauts.
As the algae grows, it can be continuously harvested and made into
various food forms.
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Controlled Ecological Life Support System
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Semi-closed Ecological Experiment System
By Natlonal Asrospace Laboratory, Japan

9.4. A semi-closed microalgae gas exchange experiment
by the National Aerospace Laboratory of Japan (courtesy H. Shimamatsu).
Kennedy Space Center used spirulina to research growing fish on
space stations. Ambitious NASA plans included a self-sufficient sys-
tem to grow algae and plant crops to support humans, using lenses
and optical filters to collect sunlight in space. However, the interna-
tional space station was less ambitious. Instead of CELSS, rockets

shuttle supplies to the station and bring wastes back to Earth.

Terraforming Mars with blue-green algae

Possible life on Mars was announced in 1996 — or at least it may
have existed once. Scientists are talking about terraforming the red
planet so humans can colonize it. “The recipe is simple. Add nitrogen
and oxygen to the atmosphere; pump water to the surface; cook for
decades, spicing first with cyanobacteria, then with all the rest of
Earth’s plants and animals, adding them in the order they evolved
here... Terraforming Mars would take 300 years at least.”™

Can ocean algae reduce global warming?

Raising ocean productivity growing. phytoplankton could absorb
atmospheric CO2. Some scientists have proposed enriching the ocean
with iron particles. This would stimulate algae blooms and photosyn-
thetic plant growth which fixes carbon in organic forms, leading to
eventual storage as minerals in coral reefs.”
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Farming natural alkaline lakes

Spirulina lakes are found in Peru, Chile, Myanmar, Australia and
stretch across the Sahara and East Africa, near millions of chronically
undernourished people. For 20 years, scientists and visionaries have
proposed harvesting algae from lakes in Ethiopia and Kenya.

One pioneer in algae farm design, ecologist Alan Jassby proposed
that harvesting lake spirulina was too simplistic, since growth was
unpredictable, density too low for efficient harvesting, and continual
harvesting could exhaust lake nutrients. The best approach is using
cultivation ponds beside these lakes. without disturbing the larger
ecosystem. Half of the world’s flamingos live in African lakes. They
are a tourist attraction, contribute to lake ecology and should be pro-
tected. Wild algae should be checked for contamination by toxic
algae and pollutants that pose health hazards

A project sponsored by governments, international agencies and
business could distribute spirulina to local people. The model of
Myanmar should be examined: 100 tons of spirulina per year is har-
vested from lakes (Chapter 6) and nearly all is distributed locally.

In Central and East Africa, 30% of the people may be infected
with AIDS. If sulfolipids in algae can stop the AIDS virus, an inter-
national effort could mobilize to develop lake cultivation, extracting
sulfolipids for an anti-AIDS drug. The algal byproduct would be 65%
nutritious protein, rich in vitamins and minerals.

Farming East African lakes could create opportunity: 1) help
against AIDS, 2) export for hard currency, 3) source of a new food to
help feed Africa, and 4) relieve pressure on food growing areas.

Greening desert coastlines

Large areas cannot be reforested if millions of people surrounding
them cut down their forests for food and fuel. Economic opportunity
zones alongside reforestation zones will be critical to reforestation. In
areas with depleted natural resources, microalgae can create opportu-
nity with a fraction of the land and water as conventional crops.
Several restoration projects have been proposed. Once scientists learn
to successfully cultivate microalgae in seawater, new food growing
areas can use 10,000 miles of accessible desert coastline in hot cli-
mates: Mexico, Peru, Chile, West, North and East Africa, Egypt and
the Arabian peninsula and India.
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Giant seawater farms

In Spirulina, Production & Potential, Dr. Ripley Fox envisions
building huge seawater farms along desert coastlines.® He proposes a
network of 25 farms, 120 hectares each, providing 10 grams a day for
30 million children, the number at high risk of dying from malnu-
trition and related diseases.

Each farm would have twelve 10 hectare ponds lined with plastic
film to make them watertight. Floating paddlewheels circulating the
ponds would be powered by nearby solar ponds producing electrical
energy, a technology pioneered in Israel. The main nutrient, carbon
dioxide gas, would be recovered from power, chemical and heavy
industrial plants. Dr. Fox suggests these farms be owned by interna-
tional, humanitarian non-governmental organizations, and financed
by governments. A network of distribution centers in malnutrition
zones would distribute the dried algae.

Algae biofertilizers restore soil fertility

A 1981 U.N. FAO report Blue-Green Algae in Rice Production
documented the possibilities of blue-green algae replacing chemical
fertilizers and rebuilding the structure of depleted soils."

In India, blue-green algae is grown in shallow earth ponds. When
water evaporates, dried algae is scooped up and sold to rice farmers.
This natural nitrogen source increased annual rice yield in India and
several other countries. Where chemical fertilizers are not used, algae
gives the same benefit as 25 to 30 kg of chemical nitrogen fertilizer
per acre. Where chemicals are used, algae reduces the chemical dose
by the same amount. However, many banks will not make loans to
farmers if they don’t use conventional fertilizers.

Algae rich in polysaccharides, such as clamadamonas, help
recondition soil fertility and build structure to retain moisture. Algae
have plant growth regulators, and by inoculating soil with algae, pro-
ductivity is enhanced. Scientists are investigating genetic modifica-
tion of blue-green algae to boost nitrogen-fixing efficiency.?

Used as biofertilizers, algae offer yet another way to help feed
people through soil renewal, providing economic opportunity without
resorting to the vicious cycle of chemical fertilizers, soil exhaustion,
and dependence on imports.
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Family and community cultivation

Many people have asked how they can grow spirulina in their own
back yard. Small scale cultivation poses a real challenge. Spirulina:
Production & Potential; by Dr. Ripley Fox, reviews knowledge,
equipment and funds needed, conditions for growth, nutrient media,
growing basins, lab equipment, harvesting, drying and storage.

9.5. Jean-Paul Jourdan’s greenhouse. Making spirulina noodles.

A manual explaining how to cultivate spirulina on a small scale is
Cultivez Votre Spiruline® For many years the author Jean-Paul
Jourdan operated spirulina farms in Europe and Africa.

Ecological communities

Regenerative ecological systems need the efficiencies of microalgae
living at the base of the food chain, from the the closed atmosphere of a
space station to the ecological cycle of a developing world village.

Future solar communities would be designed for high productivity,
restoring the surrounding environment. Communities envisioned in
Bioshelters, Ocean Arks and City Farming are coming, assert Nancy and
John Todd. “New biotechnologies, information, and biological compo-
nents are being assembled into ecosystems capable of providing a diver-
sity of foods in relatively small spaces.” New communities can provide
an alternative to land consuming suburbia or the urban asphalt jungle.

Ecological communities will use information technology and can
incorporate algae production and aquaculture along with organic gar-
dens. On a small area, productivity can be optimized, freeing up crop-
lands for common areas or forests. “An ultimate goal might be that for
every acre which is farmed another would be set free.”
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The challenge of restoration

We are discovering ways we can work with the original photosyn-
thetic life form to restore this planet. Earth’s biosphere depends on the
balance of gases in the atmosphere, as described by James Lovelock
in his Gaia theory. He believes how we grow food has the greatest
impact on planetary ecological decline.

“Bad farming is probably the greatest threat to Gaia’s health. We
use close to 75 percent of the fertile land of the temperate and
tropical regions for agriculture.”“To my mind, this is the largest
and most irreversible geophysical change that we have made ...
Could we use the land to feed us and yet sustain its climatic and
geophysical roles? Could trees provide us with our needs and still
serve to keep the tropics wet with rain? Could our crops serve to
pump carbon dioxide as well as the natural ecosystems they
replace? It should be possible but not without a drastic change of
heart and habits.”

More people realize they can affect global food patterns by chang-
ing their own habits. Eating lower on the food chain, less meat, more
organic vegetables and grains and perhaps even algae. They are
healthier, they help reduce environmental damage, and their choices
can help return cropland and grazing land back to new forests.

Choices are making a difference already

Consumer purchasing decisions make a difference. Studies show
people will pay more for natural and ecological food. Green business
is becoming good business. A company’s socially responsible busi-
ness practices are one of the factors in deciding whether or not to buy
a brand. This signals a change in public opinion.

In this new millenium more of us understand Earth’s biosphere,
our environment, is not just an issue, it is the context for our society
and economy. People understand the connection between personal
health and the planet’s health, and they are making choices to help
restore our health.

Microalgae like spirulina, are essential resources for individual
and planetary health and restoration. The oldest photosynthetic
life form is back. It represents a return to the origins of life.
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Procession

Spirulina speaks to the human species,
on behalf of the first species — algae.

“We, the oldest algae, began photosynthesis at our greatest
moment in evolution to initiate the unfolding of life. We can assist
you, for we have a fundamental role to play.

Sometime in the future, you will look back at these years. The
transformation of your attitude toward your body, your species
and your planet will seem to have been remarkably rapid. This
wonderful adventure will be the most magnificent and creative
moment of your evolution in becoming fully human.

Understanding your evolution is so simple yet so profound. In
realizing what harm you have done to our planet will come your
liberation from the past and your greatest gift to life. You will
understand your role is not to control, but to participate with
nature.

We are all composed of the same elementary particles dating
from the beginning of creation. Your human form is yet another
alignment of particles which dance together with all particles.
Rejoice in your connection with all life.

In rediscovering your relationship with the natural world, you
will heal yourself and our planet. We are excited for your opportu-
nity in the coming years. Now go forth and express yourselves
and participate fully in the beauty, the wonder and the glory of our
unfolding creation.”

- Spirulina, circa 1989.
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Quality and Safety Standards

Appendix A

Quality and safety standards

Spirulina has been marketed and consumed as a human food
and has been approved as a food for human consumption by many
governments, health agencies and associations of these countries:

Argentina
Bahrain
Belarus
Bulgaria
Chile
Costa Rica
Denmark
Ethiopia
Germany
Gulf States
Hungary
Indonesia
ltaly

Kenya
Liechtenstein
Malaysia
Monaco
Nigeria
Philippines
Romania
Singapore
Spain
Taiwan
Turkey
United States
Yugoslavia

Australia
Bahamas
Belgium
Canada
China
Croatia
Ecuador
Finland
Greece
Haiti

India
Ireland
Jamaica
Korea
Luxembourg
Mexico
Netherlands
Norway
Poland
Russia
Slovenia
Sweden
Thailand
Ukraine
Venezuela
Zaire

Austria
Bangladesh
Brazil

Chad
Colombia
Czech Republic
Egypt
France
Guam

Hong Kong
Iceland

Israel

Japan
Kuwait
Macedonia
Myanmar
New Zealand
Peru
Portugal
Saudi Arabia
South Africa
Switzerland
Togo

United Kingdom
Vietham
Zimbabwe

Food safety research

Spirulina has a history of use in Chad where locals consume 9-13
grams per meal, and these meals are from 10 to 60% of the meals.’
“The attention of the U.N. FAO was attracted by the fact that algae
was being consumed by humans. The FAO organized an educational
campaign in Chad to encourage consumption of spirulina harvested
from natural sources. More than 6000 meals were distributed under
the supervision of the FAO and the campaign was crowned as a suc-

cess. The program was suspended due to the outbreak of war.
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used by US and Japan growers
Criteria USA- Japan®
Moisture < 7% < 7%
Bacteriological:
Standard plate count <200,000/ g <200,000/ g
Mold <100/g <100/g
Yeast < 40/g < 40/g
Coliforms neg. neg.
Salmonella neg. neg.
Staphylococcus neg. neg.
Heavy Metals:
Lead <1.0 ppm <1.0 ppm
Arsenic <1.0 ppm <1.0 ppm
Cadmium <0.05 ppm <0.05 ppm
Mercury <0.05 ppm <0.05 ppm
Insect fragments <30/10¢g° *
pesticides neg. neg.
herbicides neg. neg.
additives neg. neg.
preservatives neg. neg.
dyes neg. neg.
stabilizers neg. neg.
artificial ingredients neg. neg.
fillers neg. neg.
a. Published by Earthrise Farms, 1995.
b. Published by Dainippon Ink & Chemicals, Inc., Japan.
c. U.S. Food and Drug Administration guideline.
definitions: <= less than, * = no set standard, / g = per gram, neg. = negative

Another report stated “dihé (spirulina sauce) was served at the
school canteen. One must admit the introduction of this product in the
young people’s food gave no problem in this region where the major-
ity were Kanembou. But equally at Fort Lamy (now Ndjemena) we
noted the product was accepted by other people.”™

As previously reported in Chapters 4 and 8, spirulina was given to
malnourished children and adults in clinical studies beginning in the
early 1970s. Since the late 1970s, millions of people in the developed
countries have used it as a health food supplement, taking 3 to 20
grams a day. Rarely are there any reports of allergies or sensitivities.
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In the 1970s, spirulina underwent extensive safety studies with
animals and fish. Independent feeding tests in France, Mexico and
Japan showed no undesirable results and no toxic side effects on
humans, rats, pigs, chickens, fish and oysters. Many independent rat
feeding trials were conducted in Japan and no negative effects at all
were found for acute or chronic toxicity or reproduction s

In 1980, one of the most important and comprehensive animal
studies was sponsored by the U .N.Industrial Development Organization
(UNIDO) on rats and mice. Spirulina comprised 10% to 35% of the
total diet. No second or third generation reproduction, fertility, lactation
or birth defect problems were found. No cancer causing properties
were found. No problems with heavy metals, nucleic acids, pesticides
or bacteria were found. The study concluded any further research
would demonstrate its complete safety as a human food.c

Toxicology research has continued in the 1980s and 1990s, show-
ing spirulina has no peri- and postnatal toxicity in rats, no adverse
effects on reproduction, including male and female fertility, and dura-
tion of gestation, and no increase in abnormal offspring.’#

A.2. Spirulina food standards
microbiological quality requirements

a b c d
Moisture * * <7 % <7 %
Standard Plate Count <100,000/g 1,000,000/g <200,000/g <200,000/g
Mold * <1000/g * <100/g
Yeast * * * <40/g
Coliform <10/g <100/g neg. neg.
Salmonella neg. neg. * neg.
Staph <100/g <100/g * neg.

a. Superior Public Hygiene Council of France, 1984, 1986.

b. Ministry of Health, Sweden.

c. Japan Health Foods Association, auth. by Ministry of Health and Welfare.
d. Earthrise Farms, 1995.

definitions:
< = lessthan * = no set standard
/g = pergram neg. = negative
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Nucleic acid safety research

Spirulina has about 4% nucleic acids (DNA and RNA), lower than
chlorella and other microalgae, yeast and fungi (6-11%). Although
there was once some concern that eating microalgae might increase
uric acid levels because of the nucleic acids, there is little evidence to
support this. In fact, one study found that uric acid levels did not
increase in humans taking up to 30 grams a day of chlorella protein
(50 grams of chlorella).© Since spirulina is lower in nucleic acid con-
tent, eating up to 50 grams a day is safe as well, and means it can be
safely used as major protein source.

Published studies from independent laboratories around the world
confirm the absence of any toxic effects even when it provides a sig-
nificant amount of dietary protein.>*+ Since its introduction as a
human food in 1979, its success has confirmed the work of the ear-
lier animal studies. Spirulina has been safely consumed by millions
of people in North and South America, Asia, Europe and Africa.

Heavy metal safety research

Mercury, lead, cadmium and arsenic are widespread in our envi-
ronment from ever-present industrial pollution. Heavy metals are
toxic to humans in small amounts, and prolonged eating of foods
contaminated with heavy metals can lead to long term health prob-
lems. Yet few companies or organizations disclose levels of these
heavy metals in foods. One grower, Earthrise Farms, published strict
standards for heavy metals in spirulina.” A five year testing program
in California showed heavy metals were either not detectable or
extremely low. Based on 120 independent laboratory tests, Earthrise
set up some of the toughest standards for heavy metals.

Mercury was not detectable in 40 tests, and the standard for mer-
cury was set at less than 0.05 parts per million (ppm). In comparison,
the US FDA standard in ‘aquatic animals’ is 1.0 ppm, permitting over
20 times more mercury. Standards were set for cadmium (less than
0.05 ppm), lead (less than 1.0 ppm), and arsenic (less than 1.0 ppm).
By comparison, the UN Protein Advisory Group standard for single
cell protein permits higher heavy metals: 1.0 ppm for mercury; 1.0
ppm for cadmium, 5.0 ppm for lead; and 2.0 ppm for arsenic.
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A3, Heavy Metal Guidelines

Lead Mercury Cadmium Arsenic
< (less than) parts per million (ppm)

Aquatic Animals

(U.S. Food and Drug Admin.) - <1.0 - -
Single Cell Protein

(UN Protein Advisory Group)<5.0 <0.1 <1.0 <2.0
Chlorella

(Japan Health Foods Assn) -total heavy metals: < 20.0 ppm <2.0
Spirulina

(Japan Health Foods Assn) -total heavy metals: < 20.0 ppm <.0
Spirulina

(Earthrise Farms guidelines) total heavy metals: < 2.1 ppm
(*undetectable) <1.0 *<0.05 *<0.05 <1.0

A4,  Tolerable amountperday

Lead Mercury Cadmium Arsenic
mcg (micrograms) per day

UN World Health Organization
Earthrise Spirulina (10 gm per day)
mcg of heavy metals: <10 <05 <05 <10

percent of UN Guidelines: <2% <1% <1% -

Algal toxin safety research

An important quality control issue surrounding production of
blue-green algae (cyanobacteria) is the possibility of inadvertantly
harvesting other blue-green algae containing cyanotoxins. This is a
risk when harvesting algae from natural bodies of water with mixed
cultures of microscopic algae. Algal toxins are capable of causing
widespread poisoning of animals and humans.'

In 1995-96, a group of leading microalgae producers sponsored
research conducted by algal toxicologists. The result was a Technical
Booklet for the Microalgae Biomass Industry as a guide to a very
sensitive enzyme linked immunosorbant assay (ELISA) and a protein
phosphate inhibition assay (PPIA) for the detection of toxic micro-
cystins and nodularins. These methods detect, monitor and control
cyanotoxins, so producers can assure a safe, nutritious product.”
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A.5. Quality and Safety Standards for Spirulina
for the USA Natural Foods Industry

The Natural Products Q}Jgﬂity Assurance Alliapce (NPQAA)

Definition (dried powder as produced)
Spirulina is a blue-green microalga. Spirulina is cultivated in specially
designed artificial ponds, harvested, dried and packaged in accordance with
Good Manufacturing Practices (GMP), and quality controlled at each stage
of the production process.

Legal Definition
According to the U.S. FDA (Talk Paper 6/23/82): as a food, spirulina can be
legally marketed as long as it is labeled accurately and contains no con-
taminated or adulterated substances.
Spirulina powder as produced

Physical Appearance and Identity for spray-dried spirulina.
Spirulina should be readily identified as Spirulina (Arthrospira) sp. under
microscopic and biochemical examination. Spirulina powder is fine uniform
powder, dark green in color, with mild seaweed taste and with no decayed or
bitter taste or smell.

Minimum Nutritional Content

Component Amount Analysis Method
1. Protein 55 % AOAC
2. Total Carotenoids 300 mg/100g AOAC modified
3. Chlorophyll-a 900 mg/100g AOAC modified
4. Phycocyanin 8,000 mg/100g DIC method
5. Vitamin B-12 200 mcg/100g AOAC (microbio. assay)
6. gamma-linolenic acid 900 mg /100g AOAC
Moisture. Acceptance criteria for each production lot:
1. Moisture less than 7% AOAC

Bacteriological Assays. Acceptance criteria for each lot:

1. Standard Plate Count less than 200,000/g FDA Bacteriological Manual
2. Molds less than 100/g FDA Bacteriological Manual
3. Yeast less than 40/g FDA Bacteriological Manual
4. Coliforms less than 3/g FDA Bacteriological Manual
5. Salmonella negative FDA Bacteriological Manual
6. Staphylococcus negative FDA Bacteriological Manual
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A.5. Quality and Safety Standards for Spirulina
for the USA Natural Foods Industry

The Natural Products Q}ngity Assurance Alliapce (NPQAA)

Extraneous Materials.
For USA human consumption only, testing of each production lot is required.
*US FDA Guideline acceptance criteria.

1. Insect fragments *less than150/50g AOAC (1990) 15th ed.
2. Rodent hairs *1.0/100g AOAC 990.09

Heavy Metals. Shown by a typical analysis of spirulina:

1. Lead less than 2.5 ppm AOAC

2. Arsenic less than 1.0 ppm AOAC

3. Cadmium less than 0.5 ppm AOAC

4. Mercury less than 0.05 ppm AOAC
Supplementary Guidelines. Shown by a typical analysis of spirulina:
1. No pesticides 4. No preservatives

2. No herbicides 5. No stabilizers

3. No dyes 6. No irradiation

Spirulina finished products

Finished products for human consumption shall meet all relevant USA food
quality and safety standards, and shall follow the appropriate Good
Manufacturing Practice Guidelines.

Minimum Nutritional Content. To be determined.

Moisture. Acceptance criteria for each production lot:

Moisture less than 7% AOAC
Bacteriological Assays. Acceptance Criteria:

1. Standard Plate Count less than 200,000/g FDA Bacteriological Manual
2. Molds less than 100/g FDA Bacteriological Manual
3. Yeast less than 40/g FDA Bacteriological Manual
4. Coliforms less than 3/g FDA Bacteriological Manual
5. Salmonella negative FDA Bacteriological Manual
6. Staphylococcus negative FDA Bacteriological Manual

Product shelf life:

Producers of finished products shall determine nutrient statements on labels
based on both bulk spirulina powder analysis and nutrient changes due to
tableting and bottling and package shelf life.
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B. The Origins of Earthrise

Appendix B
The Origins of Earthrise

A Personal History of Early Spirulina Algae
Cultivation in the USA

Over 30 years ago, Larry Switzer, a visionary bioneer and catalyst,
founded Proteus Corporation, in 1976 to develop spirulina blue-green
algae as a world food resource. Proteus was funded by a group of private
California investors, committed to the spirulina vision. Joined by Robert
Henrikson, this team began early cultivation.

Hope for the World and its

Children

Larry Switzer had been looking for
new solutions. He discovered micro-
algae was 20 times more productive
as a protein source than any other
food. It could be grown with unused
land and water. It was possible to cul-

B.1. Larry and the ‘little spiral’. tivate a pure culture on a large scale in
many places around the world.

Scientists discovered spirulina was a
safe food, had been consumed for hun-
dreds of years by traditional peoples, and
showed promising nutritional and thera-
peutic health benefits. If this blue-green
algae were cultivated and consumed by
millions of people, it would have tremen-
dous benefits especially for the world’s
children and our planet’s future. It seemed
a solution we needed.

However, it hadn't been done yet!
No one had successfully cultivated spir-
ulina on a large scale, produced it as a
safe food, and convinced anyone they
should indeed eat algae! If it was indeed
an idea whose time had come, it was,
nonetheless, a daunting task.
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Larry first tried to convince the government of Nigeria to build spir-
ulina farms along Lake Chad where it was already growing naturally. But
at that time, Nigerians were preoccupied with developing oil. They ques-
tioned if anyone in America was eating this algae. If not, why should
poor Africans eat it? They had a point.

Clearly, to promote algae to the world’s hungry people, we first
needed to demonstrate its remarkable health benefits to the developed
world, and establish it as a valuable new food for everyone.

Our First Prototype Farm in the California Desert

With this in mind, Larry and Robert left the comforts of Berkeley for
California’s hot Imperial Valley in early 1977. This desert climate was
ideal for growing spirulina, and was far from urban pollution. We were
joined by a lake ecologist from Berkeley, Dr. Alan Jassby, who helped
design the early systems and cultivation programs.

B.5. Growing up the culture in small trays and wading pools.
B.6. Celebrating the inoculation of a larger pond.

However, innovative projects are not easy, and this was no excep-
tion. For three years this small entrepreneurial team sweated in the desert
to build a successful farm model. Just about everything that could go
wrong, did go wrong, and every problem had to be overcome.
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In August 1977, our first farm was
wiped out by Hurricane Doreen! This
unusual August storm caused a one in a
hundred year flood, and our little farm
was in the middle of ten square miles
submerged under 4 feet of water!

B.7. The Flood of 1977: On a raft and
diving under water to retrieve pumps.

Should we cultivate spirulina in algae farms —
or harvest blue-green algae from lakes?

Was this flood a message? Naturally, this setback caused us to recon-
sider our strategy. If growing spirulina was going to be so difficult, why
not just harvest wild blue-green algae from lakes, where it’s already
growing? We investigated the feasibility of lake harvest schemes. Once
again, we redoubled our efforts to cultivate spirulina, for three reasons:

1. Spirulina could be scientifically controlled for a safe product.
Natural lakes had mixed blooms of algae throughout the year which we
could not control. Some blue-green algae, like some plants, are toxic. We
were concerned about producing a contaminated food, and became even
more convinced that we needed a scientifically controlled spirulina blue-
green algae farm to assure safe food.

2. Spirulina production could improve world food and environ-
mental problems. Harvesting wild algae from lakes would not likely
develop into a global business capable of changing world food problems.
Cultivating spirulina sustainably and ecologically meant producing food
at phenomenally high growth rates. We believed if early bioneers were
successful, algae farming would spread all over the world. This would
have tremendous economic and environmental impact.

3. Spirulina could gain the support of the world scientific commu-
nity. Scientists have minimal interest in potentially toxic blue-green
algae, such as microcystis, anabaena or aphanizomenon flos-aquae. In
contrast, over the past 30 years there has been an explosion of published
scientific studies on safe spirulina and chlorella. We realized without the
support of world scientists to show the medical community reputable
research, algae would not become an accepted world food. In fact, almost
all reported medical and health claims made for blue-green algae are
based on 20 years of scientific research on spirulina.
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Building the Second Prototype Farm
We asked our investors for more funding, relocated, and started a
second farm. Ron Henson showed up to help with construction. Ron
eventually became Operations Manager of Earthrise Farms, and later
Sales Manager for bulk spirulina and Vice-President of Earthrise
Nutritionals.

B.8. Secon farmin 1979.
B.9. Larry Switzer, Bruce Carlson, Ron Henson, Robert Henrikson.

=

B.10. Ron working on a paddlewheel stion.
B.11. Attaching paddlewheel blades.

B.12. A paddlewheel circulates water around a pond.
B.13. Tasting wet spirulina freshly harvested.
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B.14. Harvested paste has a mild taste.
B.15. Fresh paste and spray dried powder.

We developed larger growing ponds, tested harvesting and drying
operations, and felt confident that we could build a commercial size farm.
Then we began looking for a new funding source, several million dollars.
To interest investors, we now had to prove we could actually sell algae
to someone. We began importing spirulina, and developed a partnership
with a Japanese company that had just begun growing it in Thailand.

Fortunately we were not alone.
Many other algae bioneers emerged around the world.

A new planetary idea often incarnates through many messengers.
This was true with spirulina. While Earthrise was underway in California,
other companies began cultivation around the world. Hubert Durand-
Chastel, now a Senator of France, encouraged a Mexican company to set
up a farm in Lake Texcoco in the 1970s.

Israeli, Indian and European scientists began cultivation research.
Others developed village scale and appropriate technology farms, nota-
bly Dr. Ripley D. Fox of France, and Dr. C.V. Sesahdri of India. Other
bioneers emerged in their respective countries.

In 1980 in Thailand, a Japanese company, Dainippon Ink &
Chemicals (DIC), built one of the first farms. This global company with
$10 billion in sales and a commitment to developing microalgae for food,
biochemicals and pharmaceuticals, was led by visionaries who were
fascinated with its potential. Former DIC Presidents, Shigekuni Kawamura
and Takemitsu Takahashi, were long time spirulina sponsors, and funded
development. Heading up the program was “Mr. Spirulina” in Japan,
Hidenori Shimamatsu of DIC Bio Division.
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Introducing Algae to the Natural Food Market

EARTH RI SE In 1978, we chose the name Earthrise as

our trademark and symbol. Apollo astro-
nauts witnessed the first Rising of the Earth
from the moon's surface in 1969. This pow-
erful image represents our awakening to the
miracle of our living planet. We rediscov-
ered that blue-green algae, the original
photosynthetic life form, offers remarkable
| health benefits to ourselves, our society and
our planet today. We dedicated these gifts to
a new awareness of our Earth Rising.

B.17. Earthrise® tablets were first introduced 1979.
B.18. Earthrise people , 1981.

We established Earthrise as a sales company directed by Robert
Bellows and Terry Cohen of Boulder, Colorado. Earthrise® began appear-
ing in natural food stores in 1979. Spirulina gained popularity fast. In
1981, the National Enquirer pronounced it a magic diet pill, and con-
sumer demand exploded overnight. Many diet pill companies jumped on
the bandwagon, and sold spirulina diet pills that didn't even contain any.
There wasn't much real spirulina yet being grown.

The diet boom faded by 1983, but the market began to grow again
by 1987. More people experienced health benefits from spirulina. More
published scientific research documented its therapeutic benefits. As
President since 1981, I sold the Earthrise sales company to DIC in 1988
to begin a dynamic new growth phase. With a injection of financial
resources, we rapidly expanded. By 1996, Earthrise® trademark products
were sold in 40 countries, making it the world’s best selling spirulina.
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The First U.S. Production: Earthrise Farms

We built a relationship with people in DIC, as we imported from
their farm in Thailand for Earthrise products. This unusual partnership
between California entrepreneurs and
Japanese corporate intrapreneurs blos-
somed. We shared a common vision of
spirulina's coming impact on the world
economy. Together we founded
Earthrise Farms, the first US produc-

tion farm, as a joint venture in 1982.
B.19. Earthrise 1984: Bellows,
Henrikson, Ota, Hamada, Carlson,
Shimamatsu, Jassby.

In following years, as funding was needed for expansion, Earthrise
Farms became a subsidiary of DIC. Under the leadership of Yoshimichi
Ota, the farm expanded in size and
quality assurance. Dr. Amha Belay from
Ethiopia, land of spirulina lakes, became
| Senior VP, responsible for cultivation,
F's and research. Juan Chavez, VP and
" | Production Manager, expanded produc-
tion to 500 tons a year by 1996.
+| B.20. Chavez, Ota, Belay, 1996.
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Earthrise Spirulina Products - 1990s

In the 1990s, Earthrise Company developed an extensive line of
spirulina based food supplements for US natural and health food stores.
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B. The Origins of Earthrise

Earthrise International Products - 1990s

Through the 1990s, Earthrise Company developed health food sup-
plement products for distributors in 30 countries around the world.

1. Germany
2. Slovenia
3. Taiwan

. China

. Canada

6. Costa Rica

(SN
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Earth Food Spirulina International Editions

In 1989, Robert Henrikson authored and published Earth Food
Spirulina. The 4th edition was published in 1997. The 5th edition was
published online in 1999. This book is considered the most complete and
authoritative work on spirulina and has been published in Spain ('94),
China ("95), Slovenia ('96), Macedonia ('97), ltaly (‘98), Taiwan ('99).
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Spirulina Algae Video Documentaries

Over 30 years Robert has produced a series of movies that document
the evolution of spirulina, from the first commercial farm in the USA to
farms today, about the health benefits of spirulina, conversations with
algae bioneers, algae microfarming and village farms in the developing
world. See movies at www.spirulinasource.com.
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