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“Gulca” in Amharic (offi  cial Ethiopian language) means “loaf” [of bread].
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MISSION
The ENTO project proposes the utilization of insects to 
improve food security.  There are three primary reasons 
that make insects a superior method of producing ani-
mal protein (meat) than any traditional livestock:

• Insects utilize feeds that are inedible to humans, as 
opposed to livestock which are fed staple crops such 
as corn and wheat, which not only require massive 
amounts of fossil fuel-based fertilizers, but in utiliz-
ing our staple food crops as feed, feeding livestock 
infringes on human food supplies

• Insects are cold blooded and therefore spend no 
energy heating their bodies; as a result many edible 
insects convert over 25% of the calories they ingest 
into body mass, as opposed to a cow which converts 
only about 7% of the calories it ingests into body 
mass, making insects a much more effi  cient mecha-
nism for converting plant biomass into meat.

• Insects produce only a small fraction of the methane 
that traditional livestock produce.  As a result, uti-
lizing insects as feed for livestock and food for peo-
ple would contribute far fewer  Greenhouse Gases 
(GHGs) than traditional livestock rearing operations.

The ENTO project edeavors to bring four diff erent ap-
proaches, for utilzing insects to improve food security, 
to Ethiopia.  The four approaches put forward by the 
ENTO project are:

ENTO harvesting, which focuses on capturing insects 
for use as feed for livestock.

ENTO culture, which focuses on capturing insects for 
use as food for people.

ENTO ponics I, which focuses on the farming of insects 
for use as feed for livestock.

ENTO ponics II, which focuses on the farming of insects 
for use as food for people.

The four approaches of the ENTO project share some 
characteristics; and to better illustrate the commonali-
ties between the approaches, they have been arranged 
in a two by two diagram (see fi g. 1).

Harvesting focuses on capturing insects from the wild 
and from cultiaved fi elds.  Insects tend to build up toxins, 
and other pollutants from their living environments, in 
their bodies; therefore it is essential to have a thorough 
understanding of the living environemnt from which the 
insects are being harvested to ensure that they are suf-
fi ciently healthy for use as feed for livestock or food for 
people.

Farming focuses on utilizing local organic bio-wastes, 
as inputs for rearing insects in controlled environments.  
Local organic bio-wastes can include components of 
kitchen compost, yard waste and agricultural residue - 
all of which various species of insects are fully capapble 

Fig. 1, above: displays the four approaches for utilizing insects to 
improve food security.

of breaking down and utilizing as a feed source.  Fur-
thermore, farming insects in controlled environments 
ensures that they have not been exposed to any harmful 
toxins or pollutants that would make them unfi t for use 
as feed or food.

Utilzing insects as feed typically requires some light pro-
cessing.  Inscets will typically be sun dried or baked, to 
remove moisture and increase their shelf life, and then 
processed into a coarse powder for use as an additive to 
feed for livestock.  In some instances, when it is neces-
sary to further increase the shelf life of the feed, an ad-
ditional step of boiling the insects will be included in the 
process.

Utilizing insects as food requires that the insects be fully 
processed into a high protein, non perishable fl our-like 
ingredient.  Insects will typically be boiled, baked and 
then ground into a fi ne fl our.
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CRISIS AND OPPORTUNITY 

The ENTO project endeavors to i) improve agricultural 
yields, ii) create employment, iii) improve food security 
throughout Ethiopia and iv) place Ethiopia at the cutting 
edge of sustainable agriculture research and develop-
ment.

i) In order to rapidly expand Ethiopia’s agricultural out-
put, to meet the needs of its growing population, it will 
be necessary to signifi cantly decrease the destructive 
eff ects of pests on Ethiopia’s cultivated fi elds.  Rather 
than increasing Ethiopia’s reliance on pesticides, Ento 
Harvest projects propose that pests be manually har-
vested from agricultural fi elds for use as feed for live-
stock or food for people.  Ento Farming projects propose 
redirecting existing bio-waste streams to act as inputs 
for insect farming operations; thereby increasing food 
security by repurposing previously inedible outputs as 
feed for insect farming operations.

ii) Rather than combating pests, Ento Harvest projects  
will manually harvest them from cultivated fi elds; essen-
tially creating a new cash crop.  Regional pest harvest-
ing methods are sophisticated enough to signifi cantly 
suppress pest populations in cultivated fi elds.  Ento Har-
vesting projects would create low-skill employment for 
insect harvesters, save farmers money by eliminating 
the need for pesticides and create new revenue via sale 
of the harvested pests.  Ento Farming projects would 
create medium skill, inscet farming, employment and 
new revenue via sale of farmed insects.

iii)  Ento Feed projects would propose creating of a live-
stock feed additive.  Ento Feed projects would boost 
livestock production by utilizing previously inedble in-
puts (insects) as feed for livestock.  Furthermore, due 
to the fact that Ento feeds are a high-nutrition additive, 
they would improve the health and quality of meat and 
eggs.  Ento Food projects propose creation of insect-
fl our breads and other food products that would be sold 
to other regional cultures that practice entomophagy 
(eating insects); such as parts of Nigeria and Uganda.  
Selling the insect foods will create a new source of rev-
enue for Ethiopians and help contribute to year-round 
food and health security.

iv)  ENTO harvesting projects would serve to supress in-
sect populations in cultivated fi elds, thereby reducing 
the need for insecticides.  Furthermore Ento Farming 
projects would create signifi cant amount of insect frass 
(insect waste) which is a high-value fertilizer; thereby re-
ducing demand for articifi cial fertilizers.  Finally, insects 
are a signifi cantly more sustainable source of animal 
protein than any traditional livestock.  ENTO Food proj-
ects would replace part of people’s livestock meat intake 
with insect meat intake; thereby reducing demand for 
ineffi  cient and environmentally taxing livestock rearing 
operations.

Quantifying all of these enviornmental savings as re-

ductions to GHG emissions would result in acquisition 
of carbon credits, which could constitute an additional 
revenue stream.

Most experts would agree that Ethiopia must adopt 
western agricultural practices in order to meet its agri-
cultural production objectives.   However, by develop-
ing pest harvesting practices and technologies, Ethiopia 
would present the world with an alternative vision for 
advancing agricultural productivity; one that is more 
sustainable, more productive and fully organic.
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Peter is a serial entrepreneur who specializes in the es-
tablishment and operation of niche market replicable 
business enterprises. He is an innovative businessman 
who creates and implements many new concepts from 
the ground up:

THE TEAM

• Started the fi rst moped U.S. rental business, even-
tually expanded to 100 locations (Nantucket Moped 
1977)

• First one to integrate beach stores with rental busi-
ness and created a large chain (Island Beach Com-
pany 1980)

• One of founding members of largest international 
network of entrepreneurs (YEO 1987)

• Created the fi rst “Dolphin Tour” business using jet 
boats on guided tours through wild dolphin habitats 
(Water Tours 1995)

• Established the fi rst franchised rental chain of bi-
cycle, mopeds, Harley Davidson motorcycles, exotic 
cars, water sports (Fun Rentals 1996)

• Created the fi rst integrated media rich commercial 
email marketing business (Cybertising  2000)

• Invented the “Insert-A-Zine” niche-publishing con-
cept (NightLife Magazine! 2001)

• Started the fi rst “open source entrepreneurship”   
organization in U.S. (Club Entrepreneur 2006)

• Started the fi rst independent accredited College of 
Entrepreneurship in U.S. (GCU CoE 2007)

• Created the template to open CoEs through devel-
opment of own curriculum and business process (IfE 
2007)

• Pioneered the expanded market for Cost Segre-
gation Studies, introducing a Patent Pending for 
unique applications (CSS 2008)

Peter J. Burns III

Burns served as the “Entrepreneur-In-Residence” at 
Grand Canyon University’s College of Entrepreneurship, 
the Dean of Andrew Jackson University’s College of En-
trepreneurship and the Chancellor of Southern State 
University’s College of Entrepreneurship.

After developing the Club Entrepreneur and eFactor/
Club E Offi  ce models, Burns established Club E Interna-
tional (www.clubeintl.com), a licensing model which op-
erates Club E chapters in Georgia, Arizona and Florida. 
There are over 10,000 members. Burns serves as Chair-
man Emeritus.

He partnered with a colleague at Club E Atlanta’s Col-
lege Park facility, which houses the Club E chapter and 
off ers work spaces, seminars, workshops and full sup-
port to the local entrepreneurs in an 11,000’ state-of-
the-art facility. (www.clubeatlanta.com, www.clube-
members.com). This model represents a unique Public/
Private partnership with the City of College Park (Ga.) 
and serves as the model for replication in virtually any 
community.

Recently, Burns founded and operated B3 Funding 
Partners and held the position of CEO. This boutique 
fi nancing company funded both debt and equity deals 
for entrepreneurs across the country and operated from 
offi  ces in Santa Monica, California and Scottsdale, Ari-
zona.

In his late teens, Burns served as an infantry soldier dur-
ing the Vietnam era, was Appointed to West Point and 
attended the United States Military Academy Prepara-
tory School (1976). There he won an Army 4 Year ROTC 
Scholarship to the University of Virginia, ceding his West 
Point Appointment to an Alternate. Burns became a 
member of the Offi  cer’s Club at the Judge Advocate 
General’s School at the University of Virginia’s School of 
Law.

Burns’ career in entrepreneurship began with his busi-
ness plan developed in a 4th year entrepreneurship class 
at UVa.’s McIntire School of Commerce, in which he en-
rolled as a 1st year student. That summer (1977) Burns 
took his business plan and implemented it on Nantucket 
Island, Massachusetts, opening up Nantucket Moped. 
In a 20 year span, Burns created the largest recreational 
rental chain in the world, eventually opening up over 100 
locations around the U.S. and Caribbean. 

In addition to be a founding member of the world’s larg-
est entrepreneurs organization (www.eonetwork.org), 
at age 29, he was the youngest participant in the history 
of Harvard Business School’s Owners and Presidents 
Management Program (www.exed.hbs.edu/programs/

• Established the fi rst self-contained entrepreneur-
ship center in U.S. (eFactory/Club E Offi  ce 2009)

• Co-founded the fi rst fi nancing organization for “Cre-
atives” (singers, fi lm producers, artists) (Funding-
Wagon.com, 2013)
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Gen Y makes a mark and their imprint is entrepreneur-
ship (12/08/06)
New ASU class teaching student how to create their 
own business (12/19/06)
Entrepreneurship college opens in Phoenix (1/29/07)
Institute for Entrepreneurship Engages Investment 
Banker to Raise $250 Million in Grants for Student-Initi-
ated Business (3/14/07)

Peter J. Burns, III Co-Woring Space Creator:

Arizona Entrepreneurship Conference (10/17/06)

Entrepreneurs conference to emphasize networking 
(11/2/06)

StartupNation Announces New Blog on Starting a Suc-
cessful eBay® Business (3/21/07)

My View: Entrepreneurship Conference off ered many 
gems (11/18/07)

New chef to spice up Sheraton Downtown (7/27/08)

Club E Network launching companies (8/25/08)

Open House at Club E Headquarters! (9/14/08)

Six eFactory sites to be housed in retail spaces (9/16/08)

sMCbiz, Club E Reach Landmark Partnership (no date)

Peter J. Burns, III Awards and Recognition articles:

The faces of entrepreneurs: Younge, old alike share spirit 
(2/25/07)
Valley’s entrepreneurial scene can off er a bright future, 
with support (2/25/07)
Higher education leaders shining light on Arizona 
(3/4/07)

Club Entrepreneur

Focus on values helps entrepreneurs soar (11/12/06)
Club Entrepreneur geared to be incusive, supportive 
(11/26/06)
New club to bring together like-minded entrepreneurs 
(2/11/07)

Entrepreneurs Help Each Other (12/18/08)

Peter J. Burns, III Serial Entrepreneur:

A wealthy University dropout (7/3/85)
Bicycles and Nantucket (Spring 1992)
Peter Burns opens new entrepreneurial program in San 
Diego (7/11/08)
Down economy still off er options for entrepreneurs 
(8/27/08)
Can Entrepreneurs Resue the U.S. Economy? (10/2/08)
Young and in Charge (12/2/08)
How Peter Burns Inspires Entrepreneurs All Over the 
World (1/25/11)
Interview with Peter J. Burns III (no date)

Peter J. Burns, III Spearheading Education in Entre-
preneurship: 

Letter from Mark Jacobs, Dean of Barrett Honors Col-
lege (1/12/06)
Programs teach entrepreneurism (7/9/06)
University launches $1M entrepreneur fund (7/20/06)
Both entrepreneurial, managerial styles bring success 
(9/14/06)
A.B.S. in entrepreneurship is anything but (11/15/06)

• Phoenix Business Journal “Top 50 Power Brokers”
• Arizona FBLA Business Person of the Year
• “Power Players of Phoenix” - Phoenix Business Jour-

nal Honoree
• “Top 100 U.S. Entrepreneurs Under 30” - Association 

of Collegiate Entrepreneurs (3 years)
• Youngest Participant in History (29) - Harvard Busi-

ness School’s Owners and Presidents Management 
Program

• Nominated Arthur Young’s “Youngest Entrepreneur 
of the Year”

BURNS IN THE PRESS

opm/). Along with the long list of accomplishments, 
Burns has been featured in scores of publications, ra-
dio interviews and televisions including The Arizona Re-
public, CNN, Fox Business, Entrepreneur Magazine, the 
Phoenix Business Journal, The State Press, USA Today 
and The Wall Street Journal.

ACCOLADES AND HONORS:

Peter Burns Speaks on the Fox Business Channel Stand 
Up Now Workshop featured on 3 TV Phoenix
http://www.essentialet.com/SBDC/Peter/index.htm
http://www.youtube.com/user/PeterJBurnsIII

http://www.linkedin.com/in/peterburnsiii
http://www.clubeintl.com/
http://www.clubeatlanta.com/

VIDEO COVERAGE

CONTACT INFORMATION

PHONE    602 492 2041
eFAX:    978 349 6738
EMAIL    peterjburns3@gmail.com
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Alexander Connally 

After gaining a high school education in his home coun-
try of England, Connally gained a soccer scholarship to 
Erskine College, South Carolina. He attended Erskine his 
freshmen and sophomore years, before transferring to 
Grand Canyon University, Phoenix, Arizona. Alex was 
awarded a place on the Academic All-American team for 
his commitment to his athletic and academic endeav-
ors. Connally graduated with Honors from Grand Can-
yon University in May 2013, with a Bachelors degree in 
Sports Business and is now a member of Delta Mu Delta, 
which is an international honors society for individuals, 
recognized for academic excellence in Baccalaureate, 
Master’s, and Doctorate degree business administration 
programs. Alex is currently studying for his Masters of 
Business Administration at Grand Canyon University and 
is also working closely with Peter Burns III, assisting him 
with multiple projects in many diff ering industries.
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Jakub Dzamba 

President and Founder of Third Millennium Farming 
(3MF) and McGill Ph.D. Architecture Candidate.  Dzam-
ba is developing a radical form of urban agriculture that 
utilizes urban and peri-urban bio-wastes as feed for 
farming micro-livestock (insects).  The micro-livestock 
is humanely euthanized and processed into a high-pro-
tein, non-perishable ingredient called insect-fl our.  3MF 
focuses on developing technologies and methods for 
farming food-grade insects and for utilizing biowastes 
such as local vegetation, yard waste and compost, as 
feed.  Jakub’s award winning cricket-farming technolo-
gies assisted the McGill Hult Prize team in winning the  
$1 million 2013 Hult Prize and are in various stages of 
patenting at McGill University.  Dzamba’s cricket-farm-
ing technologies are unique, in respect to any edible/
non-edible insect farming systems in existence, in their 
ability to directly integrate with existing bio-waste sys-
tems.
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Cereals 73%
(7.2 Million ha.)

Pulses 12% (1.2 Million ha.)

Oilseeds 4% (0.4 Million ha.)

S  mulant 4% (0.4 MIllion ha.)

Fig. 2 above: agricultural crop production in Ethiopia.

Tef 26%
(1.9 Million ha.)

Maize 24%
(1.7 Million ha.)

Sorghum 17%
(1.2 Million ha.)

Wheat 15%
(1.1 MIllion ha.)

Barley 13%
(1.0 Million ha.)

Fig. 3 above: cereal crop production in Ethiopia.
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Fig. 4, above: geography of Ethiopia’s seasonal regions.

BACKGROUND
Two types of existing agricultural operations in Ethio-
pia are detailed below: agricultural crops and livestock 
rearing.  An overview of current agricultural farming op-
erations, with a focus on crop farming operations, will 
provide a basis for understanding proposed ENTO Har-
vesting projects, while an overview of current livestock 
rearing operations will provide a basis for understanding 
proposed ENTO Farming operations.

ETHIOPIA’S AGRICULTURAL CHALLENGE

Ethiopia is well suited for agriculture, and hosts a diverse 
range of agricultural activity.  Agricultural activity em-
ploys a majority of Ethiopia’s population, and forms the 
backbone of the Ethiopian economy.  Despite Ethiopia’s 
dedication to agricultural productivity, the agricultural 
sector is characterized by relatively low yield farming, 
that often results in the small farm owner living hand to 
mouth.

Ethiopia’s relatively low agricultural yields are increas-
ingly becoming an issue of concern due to two primary 
factors: i) Ethiopia’s population is set to double in the 
next generation.  ii) new land suitable for cultivation is 
rapidly diminishing.

Raising Ethiopia’s crop productivity is seen as the only 
realistic option for raising living standards of the rural 
population and to ensure food security in the future.  
Traditional practices for increasing crop production, 
such as use of animal dung, crop rotation and expanding 
cultivable crop land have helped achieve existing levels 
of production, but are nearing exhaustion.  Increasing 
the use of fertilizers and pesticides, wide spread use of 
improved variety seeds and expanding irrigation are 
largely considered the only realistic options to increas-
ing Ethiopia’s crop productivity to meet the needs of it’s 
growing population.

THE STATE OF AGRICULTURAL CROPS IN ETHIOPIA

Ethiopia is largely dedicated to the production of cereal 
crops (see fi g. 2); which account for about 90% of culti-
vated land.  Tef is the most farmed cereal crop, followed 
by Maize, Sorghum and Wheat (see fi g. 3).

Ethiopia’s annual agricultural activities are defi ned by 
three distinct climatic zones (see fi g. 4):

i) The western region of Ethiopia has two distinct sea-
sons: wet (from June to September) and dry (from No-
vember to February).  The peak rainfall occurs from July 
to August.

ii) The central and eastern regions of Ethiopia have three 
distinct seasons.  The seasons are locally known as: the 
main Meher season or Kiremt rains (from June to Sep-
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Fig. 5, above: nine regions and two chartered cities of Ethiopia.

Fig. 7, above: primary causes of damage to cereal crops.

Weeds 25%
(0.4 Million ha.)

Too much rain 12% (0.2 Million ha.)

Other 17% (0.3 MIllion ha.)

Insects 17%
(0.3 Million ha.)

Crop Disease 16%
(0.3 Million ha.)

Hailstone 13%
(0.2 Million ha.)
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Fig. 6, above: showing the proportion of crops with , and with-
out, pesticides.

tember), small Belg rains (from February to May) and the 
dry Bega season (from October to January).  The Kiremt 
rainfall season is by far the most productive, where 90% 
- 95% of all food in Ethiopia is produced in that season.  
60% - 90% of all rainfall occurs during Kiremt, and as 
a result drought during the season can creates signifi -
cant food security issues.  The Belg harvest accounts for 
about 5% - 10% of Ethiopia’s total annual grain produc-
tion, but it does provide up to half of the yearly food sup-
ply in some of Ethiopia’s highland regions.

iii) The southern region of Ethiopia has four distinct sea-
sons.  There are two dry seasons (from December to 
February, and from July to August), and two rainy sea-
sons (from March to June and from September to No-
vember).

STATE OF IMPROVED CROP FARMING IN ETHIOPIA

Ethiopia’s farmers utilize improved farming techniques 
to an extent.  However, most of Ethiopia’s agricultural 
production occurs on small farms and without the use 
of any improved farming techniques.  Instances of im-
proved farming techniques are mostly concentrating in 
the Oromia province, followed by the Amhara, Southern 
Nations Nationalities and Peoples (SNNP) and Tigray 
provinces (see fi g. 5).

There over 7,000,000 farm owners in Ethiopia, while a 
majority of these farms are under fi ve hectares.  Out of 
the 3.8 million hectares of fertilized crop lands, about 
one third is treated with natural fertilizers, one third 
with DAP and one third with UREA.  All of these pesti-
cides are safe to humans and cause relatively little to no 
harm to existing wildlife.

Chemical Fertilizers are by far the most utilized im-
proved farming item.  90% of chemical fertilizers are 
deployed during the Meher seasons; other improved 
farming practices, such as application of pesticides, uti-
lization of improved variety seeds and expansion of ir-
rigation systems, are being deployed to a much smaller 
extent.  The two primary causes that are holding back 
other farmers from deploying chemical fertilizers are a 
lack of money and a lack of knowledge about how the 
pesticides work.

Pesticides are only applied to about 8.2% of cultivated 
land, and as with fertilizers, most pesticides are applied 
during Meher season.  A vast majority (over 95%) of 
pesticides are used to protect cereal crops, with most 
pesticides being applied to Tef and Wheat crops (see fi g. 
6).  Most pesticides are deployed in the Oromia Region, 
followed by the SNNP, Amhara and Tirgay regions re-
spectively.  As can be seen in fi g. 7, insects (mostly lo-
custs and grasshoppers) are responsible for up to 17%, 
or 300,000 hectars, of crop damages.
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INSECT DAMAGE TO OTHER AGRICULTURE

Termites are a detritivores, like beetle larvae, fl ies and 
ants.  Termites breaking down dead plant matter, and 
sometime animal matter, until it is fi t to be consumed 
by bacteria or fungi.  There are four major categories 
of termites: wood feeding termites, Macrotermitinae, 
grass feeders and soil feeders.  Macrotermintinae are 
widely distributed in tropical and sub-tropical Ethiopia.  
Macrotermitinae are easily distinguishable by their large 
mound-like nests.

In eastern Africa, Termites have earned themselves a 
reputation as both a pest and a food source.  Termites 
are known for causing damage to wooden structures, 
crops, and young forestry plantations.  In the 1980 and 
1990’s, Ethiopians were being resettled to the Wellaga 
and Illubabor regions of Ethiopia to benefi t from the re-
gions relatively more reliable rainfall.  Termites also ben-
efi t from tropical conditions and plentiful rainfall, and 
many of the settlements experienced serious termite 
damage to their crops, forestry (particularly Eucalyptus) 
and rangeland (Cowie and Wood, 1989).  Termite spe-
cies with deep subterranean nests, and with an ability 
to survive on crop residues, are diffi  cult to kill, and over 
time can become a signifi cant crop pest.  Typically ter-
mite mounds are destroyed by tractors-drawn cultiva-
tion, however farms that rely on low-tech hand-hoe and 
bullock drawn cultivation are susceptible to long term 
termite infestations.

Most damage is caused by Macrotermitinae.  Damage is 
generally greater in rain fed, rather than irrigated crops, 
during dry periods or drought rather than periods of reg-
ular rainfall, in plants under stress rather than healthy 
vigorous plants.

Primarilyy, termites can cause two types of damage: i) 
damage to crops and tress, and ii) damage to rangeland/
pastures.

I) Macrotermes, Odontotermes and Pseudacanthort-
ermes have large nests with long galleries running just 
below soil surface for distances up to 50m.  These ter-
mites attack young trees and crops; complete or par-
tially cutting of crop stems.  Microtermes and Ancistro-
termes have smaller diff use subterranean nests, with 
numerous galleries extending from deep in the soil to-
wards the surface.  They damage plants by penetrating 
and excavating roots and continuing the excavation up-
wards within stem.

II)  Damage to rangeland is the most immediately visible 
damage thought to be caused by termites, but is also 
the least understood.  Throughout tropical Africa several 
species of Macrotermes consume grass litter as a signifi -
cant part of their diet and in Ethiopia the most common 
of termite to do this is from the Macrotermes Odonto-
termes and Pseudacanthortermes generas.  These activ-
ities are particularly obvious during dry seasons.  How-
ever research shows, the primary cause of denudation is, 

Fig. 8, above: illustrates diff erent termite habitats and foraging 
habits.

12



almost always, due to overgrazing of livestock, and not 
termite activity.

In 1983, the Ethiopian Ministry of Agriculture collaborat-
ed on a project to poison over 600,000 termite mounds 
in the Jarso and Menesibu districts in Wellega.  The ef-
fort required 200,000 man days of time and 163,000 Birr.  
Instead of attempting to manage termites as a pest, this 
project proposes utilizing manual harvesting strategies 
to capture termites for use as food.  Termites are com-
monly consumed in Ehtiopia, however several countries 
in the East African region (Kenya,  Djibouti, Sudan, Ni-
geria and Uganda) have thriving entomophagy cultures 
that do partake in consuming termites.

THE STATE OF LIVESTOCK REARING IN ETHIOPIA

Currently Ethiopia’s most readily available option for 
increasing crop yields is to implement the use of mass 
fertilizers and pesticides.

However, many of these methods are unsustainable 
due to their degradation of the environment and the re-
source intensive production leaves smallholders to be-
come increasingly vulnerable in comparison as they lack 
the capacity to absorb and accommodate the impacts. 
Ethiopia produces about 51,000 tons of poultry meat 
and 33,000 tons of eggs annually; most of which is raised 
using feed grown on cereal crops fi elds.  As a result, a 
signifi cant portion of cereal crop production is utilized in 
rearing chickens for meat and/or egg production.

Wolayita zone in Southern Nations, Nationalities, and 
Peoples’ Region (SNNPR) is the area chosen for the pi-
lot project. As assessed in an IMC baseline survey during 
April 2013 in two woredas of the zone, this area is char-
acterized by: 

• High levels of food insecurity (79.2% of house-
holds were far from meeting fully meeting food require-
ments from own harvest). 

• A lack of agricultural diversity as maize and 
sweet potato crops are relied upon for consumption 
(food shortages occur if either of these crops fail). 

• High levels of competition for limited land re-
sources (43.8% of respondents own less than 0.25 ha, in 
part due to a high population density in the zone of 364 
people per sq. km).

• Limited livelihood opportunities (agriculture 
represents 81% the income share of respondents and 
there are limited opportunities for non-farm employ-
ment).

LIVESTOCK FEEDS
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Fig. 9, above left: Tef and Wheat production regions in Ethiopia.  

PLAN OF ACTION
There is considerable variation in the most consumed 
insect order by continent, country and community. For 
example, an estimated 96 insect species are eaten in the 
Central African Republic. Orthoptera (locusts and grass-
hoppers) is the most consumed class at 40%, followed 
by Lepidoptera (caterpillars) at 36%, Isoptera (termites) 
at 10%, Coleoptera (beetles) at 6% and others such as ci-
cadas and crickets at 8% (FAO 2013).  The ENTO Harvest 
projects proposes initialzing grasshopper, locust and 
termite harvesting strategies, and gradually expanding 
operations/methods to harvest additional species of in-
sects.  The ENTO Farming projects propose initializing 
black soldier fl y and cricket farming operations, and 
gradually expanding operations/methods to farm addi-
tional species of insects.

ENTO harves  ng
Instead of utilizing pesticides to suppress pest popula-
tions, this project proposes the employment of manual 
pest harvesting methods and technologies.  Initial pest 
harvesting activities will focus on capturing grasshop-
pers, locusts and termites; with a particular focus on 
the Tef grasshopper (Aiolopus longicornis), which is 
the most damaging pest to Ethiopian crops.  Once har-
vested, the pests will be euthanized and processed into 
a high-protein, non-perishable and highly versatile fl our 
which will be used to make breads and other insect-
foods.  The insect food products will be shipped from 
Ethiopia to other regional cultures that have a strong 

TEF (1.9 million hectars)

WHEAT (1.1 million hectars) CEREAL CROPS

(5.2 million hectars)

DAMAGED CEREAL CROPS

(1.4 million hectars)

LOCUST/GRASSHOPPER DAMAGE

(0.3 million hectars)

80%

17%
3%

TEF & WHEAT   high production

TEF & WHEAT   low production

Fig. 9, above right: locusts and grasshoppers are responsible for 
damaging 3% of all cereal crops in Ethiopia.

There is an insatiable market in Kenya and abroad for 
edible insects, said Monica Ayieko, a consumer economist 
and associate professor at Bondo University College's 
School of Food Security, Agriculture and Biodiversity.

- Professor Monica Ayeiko, 2013

entomophagy (insect eating) culture; specifi cally Kenya, 
Uganda and Nigeria.

ENTO harvesting will:
• Increase agricultural productivity by suppressing 

pest populations.

• Create a new cash crop of pests for farmers.

• Create a new value chain, in harvesting pests and 
getting insect-foods to market, that will create new 
local employment.

• Provide an organic method for suppressing pest 
populations that is signifi cantly more sustainable 
than existing pest management strategies.

• Provide a method for obtaining animal protein that 
is far more sustainable than any existing livestock 
farming operations.

• Improve food security throughout the region by cre-
ating new employment opportunities and supple-
menting existing food availability.

• Improving the health and nourishment of locals by 
supplementing the existing nutritional profi le of re-
gionally available foods.
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Fig. 10, above: Tef Grasshopper (Aiolopus longicornis)

According to Michael Teka, a resident of Kakamega, 
Kenya, the practice of eating insects is common among 
communities in western Kenya.  Flying termites and grass-
hoppers are seen as delicacies among the Kisii and Luhya 
communities.  “Until recently, one could only fi nd fried 
fl ying termites in the [food] market and the stores. More 
recently, crickets are also fi ghting for space in the stores,” 

- Michael Teka, 2013

A primary concern when harvesting pests from the wild 
for human consumption is to ensure the pests are free 
of any potentially harmful toxins or pathogens.  Insects 
will often accumulate pollutants or toxins that they have 
been exposed to.  As a result, insects that have been ex-
posed to some chemical fertilizers or pesticides, can be-
come unsuitable for human consumption.   Due to the 
fact that neither, chemical fertilizers or pesticides, are 
applied to a majority of Ethiopia’s crops (see fi g. 9), most 
of Ethiopia’s crops are immediately suitable for pest har-
vesting strategies.

STRATEGY FOR HARVESTING GRASSHOPPERS 
AND LOCUSTS

Tef is Ethiopia’s largest crop, and is most susceptible 
to attack from grasshoppers and locusts; particularly 
the Tef Grasshopper.  The Tef Grasshopper accounts for 
90% of grasshopper fauna that lives on Ethiopia’s cereal 
crops.  Research shows that the Tef Grasshopper is non-
toxic.  Tef Grasshoppers come from the order, Orthop-
terida but do not belong to the same family as some 
toxic varieties of grasshoppers, such as Phymateus mor-
billosus.

Harvesting grasshoppers as a food source is currently 
practiced in numerous places around the world.  A vari-
ety of grasshopper harvesting strategies exist; ranging 
from low-intensity hand harvesting to high-intensity 
lure-based harvesting strategies (see pages 10 to 12 for 
case studies).  The dual objectives of harvesting grass-
hoppers in Ethiopia’s agricultural fi elds is to suppress 
their populations, as well as to create a second cash 
crop.  Therefor, this project proposes the deployment 
of high-intensity grasshopper harvesting strategies in 
Ethiopia’s agricultural fi elds.  Due to the fact that most 
of Ethiopia’s farms are under fi ve hectares, it is fortunate 
that even high-intensity grasshopper harvesting strate-
gies require minimal material and labor costs (see busi-
ness strategy on page ??).

STRATEGY FOR HARVESTING TERMITES

Several methods for harvesting termites from the wild 
are currently utilized in the East African region.  As with 
harvesting grasshoppers, the most effi  cient harvesting 
methods involve the use of light as a lure.

Termites are a hive species; where each colony relies on 
a king and queen termite for maintaining and growing 
the population of the colony.  Termites can be sustain-
ably harvested using two diff erent strategies:

i) Harvesting soldier termites: soldier termites are regu-
larly produced by each hive to perform basic tasks such 
as protection, collection of food and construction of the 

hive.  Soldier termites are frequently replenished to ei-
ther maintain or grow the population of the hive.

ii) Harvesting reproductive pairs of termites leaving the 
nest during their nuptial fl ights.  Mature hives will release 
millions of termite reproductive pairs at the beginning of 
every rainy season to start new colonies.  A vast major-
ity of the reproductive pairs will perish and only a few 
will succeed in actually starting a new colony.  The failed 
reproductive termite pairs are commonly consumed by 
local wildlife, and harvested for use as food by humans.  
Responsible harvesting of termite reproductive pairs will 
provide an additional food source, and still allow termite 
colonies to multiply.

Since seasons for harvesting grasshoppers and termites 
do not overlap, harvesting both types of insects as op-
posed to just one, would contribute a steadier source of 
employment for Ethiopian locals and a steadier source 
of food for the East African region.  Furthermore, exist-
ing grasshopper and termite harvesting practices both 
suff er from similar shortcomings; namely, a lack of pro-
cessing and preservation ability for the insects, causing 
them to spoil after one to two days.
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sector in Ethiopia and abroad.

INTEGRATING WITH ETHIOPIAN AGRICULTURAL 
OBJECTIVES

Harvesting insects from agricultural fi elds constitutes a 
new low-cost, organic and sustainable method for sup-
pressing insects populations and preventing damage 
to agriculture.  Harvesting insects for processing into 
ENTO feed and ENTO food also constitutes a new  form 
of mixed cropping; providing farmers with a second cash 
crop.  However, harvesting and processing insects will 
also require labor.

Essentially, this project proposes the creating of a three-
tier production/labor system (three distinct, specialized 
tasks):

1. Insect harvesting operations will focus on collecting 
insects from agricultural fi elds.

Harvested insects must be delivered for processing within 
24 to 48 hours.

2. Insect processing operations will focus on produc-
ing non-perishable ENTO feed and ENTO food.

To increase shelf-life and transportability of ENTO feed 
and ENTO food, it must sent to a processing facility.

3. ENTO feed and ENTO food will be utilized in the cre-

ation of livestock feed and foods such as ENTO bread.

ENTO feed and ENTO food items can be transported inter-
nationally to entomophagy cultures in the region.

IMPLEMENTATION: TESTING AND SCALING GRASS-
HOPPER AND TERMITE HARVESTING OPERATIONS

Due to the fact that harvesting inscets from the wild has 
not yet been fully researched, and formalized as a food 
production strategy, it is diffi  cult to predict which indus-
trial farming practices are compatible with the practice.  
Since Ethiopia’s agriculture relies mostly on natural 
fertilizers, and utilize almost no pesticides, it is deally 
suited for harvesting food-quality insects.  This project 
proposes the following three pronged insect harvesting 
strategy:

1. Harvest insects in areas that use natural fertilizers and 
no pesticides.  Quantify how eff ective harvesting opera-
tions are at suppressing inscets populations.  If harvest-
ing insects is as eff ective, or more eff ective, than using 
pesticides, it can potentially be scaled regionally/nation-
ally as a long term solution.

2. If harvesting operations are not as eff ective at sup-
pressing inscets populations as using pesticides, than it 
is likely that use of pesticides will continue to increase in 
Ethiopia.  There is at least one pesticides that may not 
contaminate grasshoppers; leaving them suitable for 
human consumption.

Nolo Bait, or N. Locustae: is a microrganism (a micro-
sporidium protozoan) that has been used for over 30 
years to suppress grasshopper populations.  The micror-
ganisms in Nolo Bait will infest the fatty tissue of grass-
hoppers; essentially starving the grasshoppers over the 
course of three to six weeks.  Nolo Bait is a relatively slow 
functioning pesticides, and increases in its eff ectiveness 
over several successive years of application.  Nolo Bait 
has been proven to be extremely safe for ingestion by 
mammals, and upon further testing, is likely to prove 
safe for use on grasshoppers that will be collected for 
human consumption.  However, it is worth noting that, 
the widespread use of Nolo Bait presents the theoretical 
concern that the microrganism could mutate into one 
with diff erent, and harmful, properties.

3. Generally, Ethiopian culture does not support ento-
mophagy.  In some areas it may not be feasible to pro-
cess and/or export the insects.  However, insects can still 
be used as a high nutrition, and high-protein, additive 
to existing livestock and aquaculture feeds.  Utilizing in-
sects as feed for livestock is a growing worldwide trend, 
with a growing amount of research supporting its devel-
opment.

Ethiopia is a large country, with diverse agricultural ac-
tivities, and therefore each of three strategies outlined 
above may prove useful in certain instances.  Develop-
ing a variety of approaches to harvesting, processing 
and utilizing insects as food and feed will become crucial 
to creating a diverse and robust food-insect agricultural 

*ASIDE (JUST A THOUGHT - WHAT DO YOU THINK?)

According to Fig. 6, 300,000 hectares of cereal crops are 
damaged by grasshoppers and locusts.  According to Fig. 
2, there are about 6.9 million hectares of cereal crops.  
Therefor, about 4.3% of all cereal crops are damaged by 
grasshoppers and locusts.

Fig. 9 shows that Tef farmers can expect a profi t of $372 
USD / hectare.  4.3% of $372 is $16.  In Uganda grasshop-
pers sell for $2.8 USD / kg (see page 17).  It is reasonable 
to assume the grasshoppers weight about 1 gram / grass-
hopper.  To make up for the $16 / hectare damages caused 
by grasshoppers and locusts, Tef farmers would have to 
capture about 5,700 grasshoppers / hectare.

* note 1: The above calculation assumes that the area 
of a farmer’s feild that is damaged by grasshoppers 
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Fig. 11, above: the average income per hectare for a Maize, 
Rice, Wheat, Millet or Sorghum feild.

MALNUTRITION IN ETHIOPIA

According to the UN, the largest single contributor to 
disease is malnutrition.  Alleviating malnutrition re-
quires more than just providing suffi  cient quantities 
of food, but also suffi  cient quality of food.  Food that is 
provided for people in regions experiencing malnutri-
tion must contain essential amino acids, vitamins and 
minerals that are missing from the available diets.  Fail-
ing to provide the right types of foods for a region that 
is experiencing food insecurity can lead directly to a 
wide range of infects that result in further malabsorp-
tion of nutrient and/or the inability for the body to use 
nutrients properly (page 80, FAO).  Typically malnutri-
tion involves insuffi  cient protein intake, insuffi  cient iron 
and zinc intake, and lack of B1, B2 and B12 vitamins. 

INSECT NUTRITION

Many insects are an excellent source of protein and mi-
cronutrients, and can help round-out existing diets.
In general, grasshoppers contain between 13% to 28% 
protein as a factor of dry matter; which is signifi cantly 
higher than most traditional livestock.  Furthermore, 
most insects are an excellent source of iron and zinc, 
and high in vitamins B1, B2 and B12.
In regions where Maize is a staple crop, there are occa-
sionally widespread tryptophan and lysine defi ciencies.    
supplementing diets with termite species like Macro-
termes bellicosus (Angola) should be a relatively easy 
step, as they already form accepted parts of traditional 
diets (page 70, FAO).
*NEEDED: nutritional profi le for the Tef Grasshopper 
(Aiolopus longicornis); but I haven’t been able to fi nd 
one - not sure it’s been analyzed yet.

WinFood PROJECT

WinFood is a project funded by the Consultative Re-
search Committee for Development that aims to devel-
op nutritionally improved food for infants and young 
children, based on the improved use of traditional 
foods.  The idea behind WinFood is to improve child 
malnutrition by focusing on utilizing existing food sys-
tems, based on semi-domesticated or wild, indigenous 
plants and animals foods; such as fruits, roots, small 
fi sh, snails, frogs and insects.  The WinFood concept is 
being developed through parallel studies in Cambodia 
and Kenya.  Based on the results, generic guidelines for 
a WinFood strategy will be developed for implementa-
tion at the household level of through local small and 
medium enterprises (Page 80, FAO).
• WinFood Camboida: rice, fi sh and spiders (Haplo-

pelma albostriatum), among other food items;
• WinFood Kenya: Amaranth grain, maize, fi sh and 

termites (Macrotermes subhyalinus).

and locusts is worth zero.  I’m guessing that the value 
of damaged crops is not zero - it is just less than that of 
undamaged crops.  If my guess is correct, fewer than 
5,700 grasshoppers / hectare would have to be collected 
in order to make up for the damages caused by grasshop-
pers and locusts.

* note 2: Besides harvesting grasshoppers from the wild, 
the next best option would be to use pesticides.  How-
ever, no pesticide kills 100% of grasshoppers (I’ve seen 
fi gures that state some pesticides only reduce grasshop-
per populations by 30%).  Therefore, our strategy should 
be successful if the cumulative benefi t to farmers of i) 
preventing damage to crops by harvesting grasshoppers, 
and ii) selling grasshoppers, is more than that of just us-
ing pesticides.
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ENTO farming
The ENTO project`s technical advisors will provide guid-
ance on the construction/operation of cricket and black 
soldier fl y farming operations. Furthermore, the ENTO 
project team will engage with community structures, 
livestock farming operations and food producers to es-
tablish value chains for ENTO Feed and ENTO foods.

Setup of ENTO farming operations will proceed accord-
ing to the following steps:

• Assessment of availability of local organic materials 
suitable for use as insect feed; including compost, 
yard waste and agricultural residue. The fi ndings of 
this assessment will be used to determine the appro-
priate number of cricket and black soldier fl y farms 
that can be sustained (Black soldier fl y farms have 
the highest ability to utilize inedible organic matter 
as feed, while cricket farms will likely require some 
grain inputs to round out their diets.

• Construct suitable farming units.  Large farming 
operations (producing more than 1 ton/year) will 
likely require a shed or barn facility, while for smaller 
farming operations, it will likely be more feasible 
to contruct self contained, outdoor, insect farming 
units.  insect farming units will be constructed as 
modular/stackable bins to minize the footprint of 
the farming operation.  Furthermore, insect farming 
operations, will be set up with procedural and built-
in precautions, designed to minimize insect escape.  
All proposed species of insects are indigenously 
found within the region, and therefore, their escape 
poses no invasive risk to the ecosystem.  Similar op-
erations in Kenya have demonstrated that farming 
insects poses no risk to existing agriculture or eco-
systems.

• The ENTO project team will remain in contact with 
insect farming operations to ensure that farming 
instructions are followed accurately so that insects 
hatch, grow, reproduce and are harvested on sched-
ule. It will be important to identify when the insects 
have reached the appropriate life stage to harvest 
them while they are at their peak nutritional con-
tent.

• The ENTO project team will regularly acquire sam-
ples of farmed insects. The samples will be tested 
for nutritional content and the results will improve 
farming methods and insect feeds. 

PROCESSING INSECTS
Unless steps are taken to preserve insects after they 
have been euthanized, they will begin to decompose. 

STRATEGY FOR PROCESSING INSECTS INTO FEED

Feeding insects to livestock immediately after they have 
euthanized is the most cost-eff ective and nutritious 
method.  However, insects can be preserved to varying 
degrees by: sun drying or frying (24 to 48 hours), baking 
(up to a week) or boiling and then baking (several weeks) 
to give the option of storing them or distributing them 
across the region.

STRATEGY FOR PROCESSING INSECTS INTO FOOD

Insects will be euthanized, and then undergo a process 
of: boiling (to reduce bacterial content), baking (to re-
duce moisture content) and grinding (to convert the 
grasshoppers into fl our).  Furthermore, to prevent spoil-
age, harvested insects must be processed on a daily ba-
sis.  The material and labour costs of converting insects 
into fl our are relatively higher than those required for 
harvesting insects.  As a result, the harvesting and pro-
cessing operations may be separately owned and oper-
ated (see business strategy on page ??).

ENTO fl our will be used to produce high-protein breads 
for export to regions that support a culture of ento-
mophagy; regions such as Uganda, Kenay and Somolia.  
ENTO bread would create a non-perishable, and easy 
to transport, food stuff .  Furthermore, since Grasshop-
per bread will be exported to various regions outside of 
Ethiopia, it can also serve as a means of diversifying the 
diet of people in areas experiencing food security issues.  
For instance, Tef contains many needed nutrients and 
micro-nutrients; and cutting ENTO fl our with tef fl our, 
could help create a food item that is not only an excel-
lent source of protein and calories, but also provides a 
more rounded source of nutrients and micronutrients.
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PROFITING FROM SUSTAINABILITY

Ethiopia is currently striving to rapidly increase agricul-
tural production to feed its growing population.  Existing 
strategies for boosting agricultural production dictate 
that Ethiopia must rapidly deploy traditional industrial 
agricultural practices; mass-irrigation, massive applica-
tion of fertilizers and pesticides and utilization of im-
proved seeds.  However, due to the fact that Ethiopia’s 
agricultural sector has not yet become dependent on in-
dustrial agricultural practices, Ethiopia is ideally situated 
to engage insect harvesting strategies to meet its food 
production objectives instead of traditional industrial 
farming strategies.

In developing and implementing insect harvesting tech-
nologies, practices and regulations, Ethiopia would be-
come increasingly self-reliant in food production; fur-
thermore, Ethiopia would become a world leader in a 
new, and emerging, agricultural sector.  The pioneering 
advances that would achieved by implementing food-
insect agriculture could be scaled and exported to other 
nations; allowing Ethiopia to become a world leader in 
sustainable agricultural production.

The ENTO project creates three separate environmen-
tal savings, all of which can be quantifi ed in the form of 
carbon credits (see appendix 1).  First, insects produce 
signifi cantly fewer GHGs than any existing livestock 
farming operations; and as a result of supplementing 
traditional sources of animal protein, such as cows, pigs 
and chickens, with insect based animal protein, harvest-
ing grasshoppers will create signifi cant  savings in GHG 
emissions.  Second Ento Farming projects would create 
signifi cant amounts of insect frass (insect waste) which 
is a high-value fertilizer; thereby reducing demand for 
articifi cial fertilizers. Third, due to the fact that insect 
populations will be suppressed via manual harvesting, 
pesticide usage will be reduced.  Decreasing the produc-
tion of pesticides will further lower GHG emissions.

GLOBAL DIRECTION OF ENTOMOPHAGY

As the GDP/capita of low-income regions increases, 
those region’s populations inevitably start eating more 
meat, and stop eating insects in favor of more “Western” 
meat staples (cows, pigs and chickens).  At the same 
time, entomophagy (eating insects) is emerging as one 
of the most promising answers to feeding people in the 
future, and avant garde food cuisine in North America 
and Europe is embracing entomophagy

19



Fig 12, above: a map of Mexico, with Oaxaca shown in red, 
and nearby states that regularly utilize cricket-derivative 
food products are shown in yellow.

Fig 13, above: Chapulines (fried crickets) for sale at a mar-
ket in Oaxaca, Mexico.

CASE STUDY: HARVESTING 
GRASSHOPPERS IN OAXACA, 
MEXICO
Currently the only method for obtaining crickets for 
food is by utilizing one of several traditional strategies 
for harvesting crickets from the wild.  Although cricket 
harvesting strategies vary around the world, they are all 
relatively labor intensive, they are all seasonal, and all 
pose signifi cant health risks due to the danger of har-
vesting crickets that have been exposed to unhealthy 
substances such as pesticides, herbicides and heavy 
metals – making them unfi t for eating.

CASE STUDY: OAXACA, MEXICO

In Oaxaca, crickets (locally known as Chapulines) are typ-
ically harvested in the early morning, when the ground is 
cool and the crickets are relatively dormant.  The crickets 
are easiest to harvest from agricultural fi elds – particu-
larly Alfalfa, Milpia and Maize fi elds.  Capturing crickets 
is usually done by Oaxaca’s poor; who comprise about 
76% of the population, or 2.9 million people9. 

Oaxaca has an extremely diverse range of local cricket 
cuisines, some of which have demonstrated a strong 
ability to penetrate North American markets – as Oaxa-
ca’s main cricket cuisine, Chapulines (fried crickets), are 
often exported to the southern United States for sale 
as ethnic food.  Also, the regions surrounding Oaxaca, 
have a strong affi  nity to using cricket-derivatives in their 
traditional cuisines such as taco’s fi lled with crickets in 
sauce, and tortilla bread dough that contains ground 
cricket pieces.

The population of Oaxaca is 3.8 million, with 76% of the 
population, or 2.9 million people, living in extreme pov-
erty.  The average income per capita is $3,400.  The aver-
age family spends a signifi cant portion of their income 
on food ($7.5-$15/day), which makes them extremely 
vulnerable to spikes in food costs12.

Chapulines are by far the most popular cricket food in 
Oaxaca.  They are readily available for purchase at local 
markets of small and large towns, and can even be pur-
chased by the kilogram as snack food at sporting events.  
The market price of crickets is typically about $7.50/kg13.

A large portion of the Oaxaca’s residents harvest crickets 
in local agricultural fi elds to supplement their own diets, 
and family income14.  In fact, most of the households that 
are headed by women and live in poverty, take part in 
gathering Chapulines.  There are an estimated 240,000 
households that each annually gather about $600 worth 
of Chapulines, and it is estimated that roughly $144 mil-
lion worth of Chapulines is harvested each year15.
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Rice, paddy ($304 USD/ton)

Maize ($329 USD/ton)

Millet ($228 USD/ton)

Wheat ($290 USD/ton)

Sorghum ($279 USD/ton)

3.2  tons

5.6  tons

5.5  tons

0.9 tons

3.8  tons

$1,053 USD/hectare

Income/hectare

$1,702 USD/hectare

$1,595 USD/hectare

$205 USD/hectare

$1,060 USD/hectare

MEXICO CEREAL CROP YEILDS PER HECTARE

Fig. 16, above: the average income per hectare for a Maize, Rice, 
Wheat, Millet or Sorghum feild.
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TYPICAL DECLARED INCOME
PER HOUSEHOLD

TYPICAL UNDECLARED INCOME
FROM HOUSEHOLD BUSINESSES

TYPICAL HOUSEHOLD INCOME
 FROM CHAPULINES

$3,600

$3,400

$1,800

$600

TYPICAL HOUSEHOLD
EXPENDITURES

OAXACA HOUSEHOLDS LIVING IN 
POVERTY

470,000

240,000

HEADED BY
MALE

HEADED BY
FEMALE

$144,000,000 / YEAR
ESTIMATED CHAPULINES MARKET SIZE:

Fig. 14, above: households living near, or below, the poverty 
line typically supplement their declared income through other 
means, such as growing fruits and vegetables, or gathering 
crickets, for sale at markets.

Fig. 15, above: households that live in poverty, and are headed 
by a woman, usually participate in harvesting crickets from the 
wild.
*note: $144 million is determined by multiplying the 240,000 
estimated hoursehold living in poverty that are headed by a 
woman (see Fig. 12) by the estimated $600 generated by each 
household from harvesting Chapulines (see Fig. 11).
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CASE STUDY: HARVESTING 
GRASSHOPPERS IN UGANDA
Uganda supports a historic entomophagy culture for 
long-horned grasshoppers; locally known as Nsenene.    
Grasshoppers are often served boiled, raw, sun-dried, 
in soup or fried and fl avored with onions.  Long-horned 
grasshoppers are also popular in neighboring Kenya, 
Rawanda and Tanzania.

Uganda has two annual dry seasons (December to Feb-
ruary and June to August) and two annual wet seasons 
(March to May and September to November).  Grass-
hoppers are harvested during the two annual rainy sea-
sons.

Harvesting grasshoppers from agricultural fi elds has be-
come a thriving business in central Uganda; creating a 
job sector that allows farmers and locals to signifi cantly 
supplement their income and improve their living stan-
dards.  Traditionally, grasshopper harvesting was done 
by men, but recently, women and children are also in-
creasingly getting involved in catching and selling grass-
hoppers as means of supplementing family income.

In Uganda, a variety of methods for harvesting grass-
hoppers is used.  Simple forms of capturing grasshop-
pers typically involve using nets and catching them by 
hand and placing them into a bag (fi g. 14).  However, 
Uganda’s commercialy collecters utilize relatively more 
sophisticated methods for capturing grasshoppers.

Commercial collectors prefer to harvest grasshoppers at 
night, with the use of a light as a lure.  A popular device 
deployed by commerical collectors utilizes an electri-
cal light source, a falt sheet of metal to refl ect the light 
source, and a barrel to collect the grasshoppers (fi g. 15).  
The grasshoppers are attracted to the light refl ected 
from the metal sheet; and once they fl y into the met-
al sheet, they slide down into the steel barrel used to 
contain them.  For commercial collectors, constructing 
grasshopper harvesting devices represents a one-time 
investment; as the devices are reused for multiple sea-
sons.

The grasshoppers are often sold in towns, along the 
roads or within village markets to other traders or con-
sumers.   Grasshoppers are typically sold fresh or fried; 
but in both cases must be sold and consumed within 48 
to 72 hours of being harvesting to prevent spoilage.

THE FOOD-GRASSHOPPER MARKET IN UGANDA

The average retail price paid for R. Nitidula is US $2.80 
/ kg, which compares favorably with that of beef, which 
retails at approximately US $2 / kg in Kampala.  Gener-
ally, the market chain consists of collectors, wholesalers 
and retailers.  Wholesalers typically buy R. Nitidula from 
collectors and then sell to retailers. The average price Fig. 19, above: Uganda and surrounding entomophagy regions 

are highlighted in yellow (Sudan, South Sudan, and Kenya).

Fig. 17, above: a woman using a net to caputre grasshoppers in 
a feild.

Fig. 18, above: a device that utilizes a light to lure grasshoppers.

Uganda

Ethiopia

Sudan

South Sudan

Kenya
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R. NITIDULA COLLECTORS WHOLESALERS RETAILERS CONSUMERS

CONSUMER VIA RETAILER

CONSUMER VIA WHOLESALER AND RETAILER

25%

CONSUMER VIA WHOLESALER

DIRECT TO CONSUMER

41%

25%

22%

12%

40% to 65% MARGIN 20% to 40% MARGIN 10% to 20% MARGIN

per kilogram of R. Nitidula increases from collectors 
to wholesale traders and then to retailers.  Collectors 
charged the lowest price although their profi t margins 
remained the highest (fi g. 18).

BARRIERS TO ENTERING THE  FOOD-GRASSHOP-
PER MARKET

Several signifi cant barriers hamper trade of R. Nitidula. :

• There is a need to streamline the trade in R. nitidula 
so as to protect traders from high market dues and 
high taxation by the market administrators. 

• The possibility of adding value to the R. nitidula 
should be investigated because it is mainly being 
sold in fresh form and despite the fact that it has a 
short shelf life.

• The Ugandan electrical company normally charges 
“professional” R. nitidula collectors about 300,000 
shillings (~US $170) for the month of constant night-
time electricity.  In the past, forming unions has al-
lowed R. Nitidula collectors to negotiate lower rates 
for electricity.  Additionally, solar lighting options 
could provide independance and releif from exploi-
tive electrical rates, and furthermore, allow R. Niti-
dula collectors to harvest in locations that are off  of 
the power grid.

• R. Nitidula is a seasonal insect, which creates a 
boom and bust pattern of labour/profi t for R. Niti-
dula collectors.  Developing additional markets for 
other edible insects would help create a larger, and 
more stable, food-insect market.

Fig. 21, above: Market chain for R. Nitidula in Uganda’s Kam-
pala and Masaka districts.  Collectors sell most of their product 
to wholesalers, however, retailers are the largest suppliers of the 
product to consumers.
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Rice, paddy ($421 USD/ton)

Maize ($171 USD/ton)

Millet ($248 USD/ton)

Wheat ($298 USD/ton)

Sorghum ($231 USD/ton)

2.5  tons

2.3  tons

1.4  tons

1.4  tons

0.9  tons

$428 USD/hectare

Income/hectare

$968 USD/hectare

$417 USD/hectare

$347 USD/hectare

$207 USD/hectare

UGANDA CEREAL CROP YEILDS PER HECTARE

Fig. 20, above: the average income per hectare for a Maize, Rice, 
Wheat, Millet or Sorghum feild.

40% to 65% of all profi t generated from the sale of grasshop-
pers is captured by the collectors, 20% to 40% is captured by 
wholesalers, and 10% to 20% is captured by the retailers.
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CASE STUDIES: HARVESTING 
AND PROCESSING TERMITES

TERMITE WHEAT BUNS, IN KENYA

In Kenya, termite typically undergo minimal processing 
before consunption.  They are typically dewinged, and 
then fried or sun dried.  However the termites must be 
consumed relatively quickly, because like all harvested 
insects, they being to spoil rapidly.  Improvements in 
processing and preservation of termites would help pre-
vent the spoiling and increase their usefulness as a food 
source.

Five villages in the Siaya district of Kenya partnered with 
Jomo Kenyatta University of Agriculture and Technology 
to experiment with producing termite enriched wheat 
buns.  Macrotermes Subhylanus, which is an edible ter-
mite, were collected at the fi ve villages, converted into a 
fl our-type additive utilized to produce wheat buns.

The termites were harvested with the use of lanterns and 
collection containers.  Once the termites were captured 
they were put into a clean container, and stored in cool 
boxes with dry ice.  Within 12 hours of collection, the ter-
mites were shipped to a Food Processing Workshop in 
Jomo Kenyatta University of Agriculture and Technology 
for processing.

The termites were sun dried at a temperature of ap-
proximately 30 C and a relative humidity of 40%.  The 
termites were dried until their moisture content was be-
low 10%.  The termites were converted into a fl our-like 
substance that was then added to wheat fl our in quanti-
ties of 5%, 10%, 15% and 20%.

Experiments revealed that the bun density increased as 
the proportion of termite fl our increased.  Taste testers 
found no signifi cant diff erence between the wheat buns 
and termite buns.

DEVELOPMENT OF SOR-Mite

The Institute of Food Technologies is focused on de-
veloping food solutions for developing countries.  The 
2013 First prize went to SOR-Mite project.  SOR-Mite is a 
sorghum mixture enriched with termites.  The nutrition-
ally weak grain, frequently consumed, is low in proteins 
and fats and lacks several essential amino acids, such 
as lysine.  The grain can be fortifi ed with fl ying termites 
(Macrotermes species) that are easily gathered at the 
start of the rainy season.  The fermented mixture can be 
consumed as porridge.

PROCESSING PROCEDURE FOR WHEAT BUNS

HARVESTING

Termites were attracted to a light from a lantern.  They fell 
into a canister in swams ad were collected.

CHILLING

Fresh termites were stored at -4C to maintain freshness

PERPARATION

Fresh termites were washed in chilled water to maintain 
freshness and remove dirt

DRIPPING

Termites were spread on tray to drip and dry

SOLAR DRYING

Trays were put on drying racks in the solar drier

COOLING

Dried termites were removed from the sun and scattered in a 
room to cool (23C to 25C).

DE-WINGING

A blower produced a constatnt draft, which was used to blow 
away the termite’s wings.

MILLING AND SLEVING

Termites were milled and sleved with a 250um mesh.

BAKING

Wheat fl our was mixed with termite fl our, and used to make 
buns.

PACKAGING

Baked buns were packaged into plastc bags after cooling, 
sealed and labeled for sale and experimentation.
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WINFOOD

The WinFood project (facilitated by the University of 
Copenhagen) collaborated with researchers at the Uni-
versity of Nairobi on termites as a potential additive in 
baby food.

TERMITE NUTRITION

Termites are rich in protein, fatty acids and micronutri-
ents.  Fried or dried, they contain 32-38% protein (Nkou-
ka, 1987).  Essential fatty acids, such as linoleic acid are 
particularly high in the African above ground hill termite 
species, Macrotermes bellicosus (34 percent) and M, 
Subbyalinus (43 percent).  Termites are generally con-
sumed fried, sun-dried or smoked.  However, fi rst they 
are killed by boiling or roasting for a few minutes (Silow, 
1983).  Sometimes termites are further processed by 
crushing them into a powder with a pestle and moratr.  
In many east African towns and villages, sun-dried ter-
mites can be bought at local markets (Osmaston, 1951, 
Owen 1973).

MACROTERMES SUBHYALINUS: 

NUTRITION/100g

Protein (g)  38.4

Fat (g)   46.1

Carbohydrate (g)  7.98

Ash (g)   6.56

Phosphorus (mg)  438

Calcium (mg)  40

Potassium (mg)  476

Magnesium (mg)  417

Sodium (mg)  1969

Iron (mg)  7.5

Copper (mg)  13.6

Manganese (mg)  63.8

HARVESTING TERMITES IN
KENYA
Termites can be harvested seasonally, when females 
and males leave the nest for their nuptial fl ight to start 
new colonies, and year round, by harvesting sustainable 
quantities of termite soldiers.

Termites are mostly collected as they exit the nest for 
their nuptial fl ights - after the fi rst heavy rains follow-
ing the end of the dry season.  As a result, termites are 
mostly a seasonal food source, and due to the fact that 
no means of preserving them is available, they must be 
consumed relatively quickly after they are harvested.

In many regions of Africa, termites leaving their nests for 
their nuptial fl ights are already harvested for food. Ter-
mites are generally harvested by utilizing light as a lure, 
and a canister for trapping/containing them.  Some-
times locals will beat the ground to stimulate rain and 
make the termites come out early.

The most nutritious component of the termite hive is 
the queen, which can be up to 10cm in diameter and lay 
up to 2,000 eggs per day.  The nutritional value of ter-
mite queens is so high that they are typically fed to un-
dernourished children and pregnant women.  However, 
since removal of the queen from the nest is extremely 
labor intensive and causes the death of the entire hive, it 
is not a sustainable practice.  

A far more sustainable strategy is to harvest the soldie/
worker termites, at a rate that the colony is able to re-
plenish.  This practice is both sustainable and can be un-
dertaken year-round.

EXISTING TERMITE HARVESTING METHOD

In rural areas termites are typically captured as they exit 
termite mound.  They are caught in various improvised 
containers as they exit the nest (Roulon-Doko, 1998).   
Often this strategy is coupled with blocking off  the other 
exits from the nest; forcing all termites to use a single 
exit, where the trap is located.  Furthermore, the single 
exit is illuminated via a fi re or electrical light, to lure the 
termites out.  Another, similar, strategy is to construct a 
series of pipes connecting several termite mound exits 
to a collection canister (Osmastn 1951).

Professor Ayieko (2011) combined modern tech with an 
indigenous practice for collecting termites.  A simple 
light trap with a collector/receptor is used to capture a 
sustainable portion of male and female termites exiting 
the nest for their nuptial fl ight.
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Fig. 22, above: the Agoro Harvester showing the light, 
recetpor basin and stand.

NEW TERMITE HARVESTING METHODS

Agoro termites emerge primarily at night for their nup-
tial fl ights.  Capturing termites is done using various 
light lures and traps.  However, sometimes these traps 
can put the harvesters in danger - being occupied with 
snakes and other reptiles that come to eat the insects.  
Furthermore, harvesting the termites from the ground, 
once they’ve exited the nest and shed their wings is te-
dious.

Professor Ayieko, in collaboration with the Kenya Indus-
trial Research and Development Institute, developed a 
new termite trap that combines new aff ordable technol-
ogy with indigenous practices, and signifi cantly reduces 
the labor required to harvest termites (Ayieko et al., 
2011).

Each trap has three major parts - a trap stand, a light 
source and a receptacle basin.  The device places the 
light above the receptacle; the receptacle is about 2 
feet above the ground (to prevent crawling insects and 
lizards from entering).  The light is a solar light with 7-8 
hours of battery power.  The trap is deployed at about 
7pm to midnight which is when termite activity peaks.  
The basin has holes punched in the bottom to prevent 
theft (for use as a basin), and to drain any water that 
may accumulate and prematurely kill/spoil the captured 
insects.  The holes are small enough to contain the in-
sects, while letting air into the container.

Three devices were used in three diff erent locations 
(around separate mounds) and collected a total of 4.5kg 
of termites during the month of May.  The yields col-
lected were free from ants and other foreign materials 
- an improvement from ground based traps.  The trap 
only works for winged termites (exiting the nest for nup-
tial fl ights), not non-seasonal soldier termites.  Some 
mounds are more active than others, and can than yield 
up to 4kg per mound.  The trail run with the three de-
vices yielded 2 kg, 1.5kg an 1kg per mound.  Further re-
search is needed to distinguish active (more productive) 
mounds from less active (less productive) mounds.

Further research is still necessary to understand why 
there is so much variation in yields.  In the interest of 
achieving maximum yields, It is also important to teach 
harvesters how to distinguish high-activity mounds 
from low-activity mounds.
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CASE STUDY (IN AFRICA): IN-
SECT FARMING FOR FEED

CASE STUDY (IN AFRICA): IN-
SECT FARMING FOR FOOD
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COMPETITIVE ADVANTAGE

ENTO HARVESTING PROJECTS

Ento harvesting projects will deploy improved tech-
nologies and methods for harvesting insects from agri-
cultural fi elds.  ENTO harvesting projects will i) supress 
damaging pest populations, ii) create a new value chain 
that improves regional food security and iii) create envi-
ronmental benifi ts that will place Ethiopia on the cutting 
edge of sustainable agriculture development.

i) deployment of insect harvesting technologies and 
methods will aid in supressing existing damaging pest 
populations.  As a result, agricultural operations will re-
quire fewer pesticides, creating fi nancial and environ-
mental savings.

ii) harvested insects will constitute a new cash crop, and 
will initiate the create a new value chains that will in-
crease regional food security.

New employment will be created in insect harvesting, 
insect processing and ENTO feed/food production sec-
tors.

Due to the relatively high nutritional content of insects, 
ENTO feeds will aid in the production of higher quality 
meat and eggs.

Due to the relatively high nutritional content of insects, 
ENTO Foods will aid in supplementing and rounding out 
the nutritional content of local diets.

Due to the fact that insect harvesting seasons do not co-
incide with agricultural harvests, ENTO feed/food proj-
ects will aid in allowing year-round food production.

iii) ENTO harvesting will improve upon existing insect 
harvesting technologies and methods.

Solar lights will allow insect harvesters to operate inde-
pendanty of the electiric grid; making them less vulner-
able to price gouging for electricity, and allowing them 
greater freedom to harvest in locations that are off  of 
the grid.

The ENTO project team recognizers that existing insect 
harvesting technologies, used for capturing grasshop-
pers and termites, are similar and compatible.  Further-
more, the ENTO project team recognizes opportuntities 
for augmenting insect harvesting methods to allow for 
harvesting of additional species of insects.

Since insects produce far fewer GHGs than existing live-
stock farming operations, every ton of insects animal 
protein (meat) that is consumed in stead of beef, creates 
several carbon credits.  Carbon credits can be sold inter-
nationally for an additional revenue stream.

ENTO FARMING PROJECTS

ENTO farming projects will deploy insect farming tech-
nologies that will utilize local bio-wastes; such as kitch-
en scraps, yard waste and agricultural residue as insect 
feeds.  ENTO farming projects will i) reconstitute wastes 
in insect farming inputs, ii) create a new value chain that 
improves regional food security, and iii) create environ-
mental benifi ts that will place Ethiopia on the cutting 
edge of sustainable agriculture development.

i) deplyment of insect farming technologies will aid in uti-
lizing a wide variety of local bio-wastes as insect feeds.  
As a result, ENTO farming operations can be initialized 
on almost any plot of land that produces bio-wastes.

ii) farming insects  will constitute a new cash crop, and 
will initiate the create a new value chains that will in-
crease regional food security.

New employment will be created in insect farming, in-
sect processing and ENTO feed/food production sectors.

Due to the relatively high nutritional content of insects, 
ENTO feeds will aid in the production of higher quality 
meat and eggs.

Due to the relatively high nutritional content of insects, 
ENTO Foods will aid in supplementing and rounding out 
the nutritional content of local diets.

Due to the fact that ENTO farming operations can pro-
duce insects year round, ENTO feed/food projects will 
aid in allowing year-round food production.

Due to the fact that ENTO farming operations create 
controlled living environments for insects, it will be pos-
sible to collect and sell insect frass (waste). Insect frass 
is a proven high-quality fertilizer that can sold for profi t.

iii) Since insects produce far fewer GHGs than existing 
livestock farming operations, every ton of insects animal 
protein (meat) that is consumed in stead of beef, creates 
several carbon credits.  Carbon credits can be sold inter-
nationally for an additional revenue stream.

ENTO PROCESSING TECHNOLOGIES

The ENTO project will introduce a number of solar pow-
ered technologies that will be used for processing in-
sects into non-perishable feeds and foods.
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LIGHTING FOR ENTO HARVESTING PROJECTS

Deploying solar lighting technologies will help protect 
small scale harvesting operations from price fl uctua-
tions in electricity.  Existing grasshopper harvesting op-
erations often pay unreasonable rates for electricity dur-
ing peak grasshopper harvesting seasons (fi nd fi gure).  
Harvesters have achieved some success by banding to-
gether into co-ops to increase negotiating power.  This 
was successfully done in Nigeria where a seasonal fl at 
rate of $400 to run a 300 watt bulb for 8 hours a day was 
achieved.  However making the switch to solar lighting 
would off er two distinct advantages: i) immunity from 
price gouging from electricity providers, and ii) extend-
ing grasshopper harvesting operations off -grid into rela-
tively more remote regions.

PHILLIPS PORTABLE LANTERN

This solar light would be useful in establishing off -grid 
grasshopper harvesting activities.  Furthermore, it would 
protect individual harvesters from volatile pricing of elec-
tricity - particularly during peak grasshopper harvesting 
seasons.

• 48 hours usage with built-in LED fl ashlight

• 6 hour charging time

• Made from environmentally-friendly ABS

• 300 Watt light required
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SOLAR OVENS

Deployment of solar cooking technologies creates three 
diff erent competitive advantages:

1) The solar cookers are used in boiling and baking the 
grasshoppers during their processing into fl our.  This sig-
nifi cantly increases the shelf-life of the food product. 

2) The solar cookers allow the user to add value to the 
grasshopper food products by baking it into bread, con-
verting the fl our into a ready to eat food product, which 
can be marketed at a higher price.

3) By creating a food product with a relatively longer 
shelf life than fried grasshoppers, the costs associated 
transportation and logistics of getting the product to 
market decrease.

INDIVIDUAL/ALL-AMERICAN SUN OVEN

This rugged unit is capable of producing a dozen or more 
loaves of bread per day.  It’s use would reduce greenhouse 
gas emissions (by how much?).

• manual sun tracking

• achieves temperatures up to 200C (400F)

• portable (22lbs), suitcase size

• Cost $349 USD

VILLAGER SUN OVEN

This unit is capable of produce several hundred loaves of 
bread per day.  Utilized at it’s full capacity in an equatorial 
region, the sun oven can save over 150 tons of wood annu-
ally, which results in a reduction of 277 tons of CO2 green 
house gas emissions annually (see GHG appendix).

The oven is delivered as a turnkey package:

• Trailer mounted

• Assembled/disassembled within 10 minutes

• Equipped with an Easy Track sun tracking system

• Propane backup

• Cost $9,500 USD to $10,000 USD

The sun oven enables the creation of a self-sustaining en-
terprise to turn out fresh baked goods, while creating jobs 
and eliminating the cost of fuel.
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GRASSHOPPER FLOUR PROCESSING

Processing the grasshoppers into fl our can be accom-
plished at a number of diff erent scales.

Option 1: locally sourced pestle and mortar.

Option 2: Small scale grinder/pestle and mortar

Option 3: Industrial Powder Grinder

SOLAR MILL (INDUSTRIAL POWER)

The equipment as a whole can be described as follows:

• Stone Mill (to be placed indoors.)

• Photovoltaic Array

• Control panel (to be placed indoors)

• Average 6 hours/day Solar Operations

• Backup generator optional

From Coarse to Fine:

• Wheat: 55 – 260 kg/hour

• Maize: 40 – 110 kg/hour

• Barley: 40 – 110 kg/hour

• Millet: 45 kg/hour

• Tef: 45 kg/hour

• Sorghum: 45 kg/hour
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- farmers save money on pes  cides (maybe)
- less crop damage
- less GHG produc  on
- more employment

ESTABLISHING PARTNERSHIPS IN ETHIOPIA

OTHER PARTNERSHIPS

CREATING AND GAUGING DEMAND

GRASSHOPPER BREAD PRODUCTION

CAPTURING VALUE

LONG TERM OBJECTIVES

ECONOMIC VIABILITY

COST BREAKDOWN: HARVESTING GRASSHOPPERS

Option 1: Locals

- Cost: $0.6 per kg (Based on Ugandan Market price)

Option 2: Cricket Reactor- Third Millennium Farming
- Cost: $250 per Reactor
- Additional costs: Lighting

Creating the Flour

Option 1: Small Grinder/Pestle &Mortar (Individual 
scale)
- Cost: $5-50
- Variable Cost: Electricity

Option 2: Industrial Grinder
- Cost: $500-10,000
- Variable Cost: Electricity

Cooking the Flour Products

Option 1: Individual Sun Oven
- Initial Cost: $400
- Variable/Additional Costs: $0

Option 2: Villager Sun over
- Initial Cost: $9,500-$9,995
- Variable/Additional Costs: Electricity & Propane tank

HARVESTING GRASSHOPPERS

Option 1: Use of unemployed locals
Cost: No minimum wage in Ethiopia.
 - Additional Costs: One-time reusable cost for drums 
and nets. $5 per worker Approx.
- Additional Info: Ugandan R. nitidula collectors paid 
$0.6 per kilogram

Option 2: Cricket-Reactor- Using Third Millennium 
Farming Concept
- Cost: $250 per reactor
- Additional Costs: First generation of crickets for farm-
ing
- Additional Info: Produce 10kg every 2 Month (Per 
reactor)

Lighting to help capture the grasshoppers
- LED lighting solutions- Phillips solar lighting

Turning the Grasshoppers into Flour
Option 1: Small scale grinder/pestle and mortar
 Cost: $50 Approx. 
Option 2: Industrial Powder Grinder
 Cost: $500-$10,000 Approx.

BUSINESS MODEL NOTES
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REVENUE SOURCES

1. Sold Fried
- $2.50 to $3.00 per kg based on Uganda and Sudan 
prices

2. Selling to Markets as fl our
- Prices based on Kampala (Uganda) fl our market prices 
(Farmgain Africa)

Commodity Owino Kisenyi Nakawa Kalerwe Average
Maize Flour 1800 1800 1800 1800 1800
Millet Flour 2200 2200 2300 2300 2250
Sorghum
Flour 2000 2000 2200 2200 2100
Cassava Flour 1300 1200 1400 1400 1325

Commodity Owino Kisenyi Nakawa Kalerwe Average
Maize Flour 1700 1680 1700 1750 1707.5
Millet Flour 1850 1850 1900 2000 1900
Sorghum
Flour 1800 1750 1800 1800 1787.5
Cassava Flour 1200 1100 1200 1200 1175

3. Selling to Markets as Bread

33



CURRENT MARKET AND QUANTITY CAPABILITIES

• 1 US Dollar equals, 19.00 Ethiopian Birr
• 1 Loaf of fresh white bread (500g) = 0.57$ Variable

- Based on 503 entries in the past 18 months from 66 
diff erent countries.
- Last updated November 2013 (Numbeo)

Using the Cricket Reactor to produce the fl our
• 500g loaf of bread= 295g fl our per loaf
• 1 Cricket Reactor produces= 10,000/295g = 33.8983 
loaves a month

Using current market bread price to establish a break-
even point between the amount invested and quantity 
produced taking into account market price. 

If the bread produced was to be sold at regular mar-
ket price, it would result in a quantity of 700 loaves of 
bread to be produced in order to dissolve the estimat-
ed initial setup costs.
OR  35,000 loaves from the villager sun oven
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Financial Capabilities/Using the Villager Sun Oven 

as a bakery business

Grasshoppers are seasonal.  However, crickets are not.  
With simple improvements to the harvesting meth-
ods for catching grasshoppers (such as allowing the 
harvesters to operate off  of the electrical grid), crickets 
could become a non-seasonal harvest.
Assuming a constant source of grasshoppers/crickets 
is being used and based on a 40 hour work week each 
month, in a 12 month year these fi nancial capabilities 
can be forecasted. 
Also taking into account the Villager Sun Oven has an 
intended life-span of +15years 
Red implies that setup costs are still being recovered

Analysis

Based on these calculations the initial setup costs will 
be recovered within the fi rst 3 months and with a life-
span of 15 years, the total amount of revenue exceeds 
$1.6 million dollars, if sold at current market price for a 
loaf of bread.

Months Produced Revenue Years Produced Revenue

1 16,000 $ 9,120 1 192,000 $ 109,440

2 32,000 $ 18,240 2 384,000 $ 218,880

3 48,000 $ 27,360 3 576,000 $ 328,320

4 64,000 $ 36,480 4 768,000 $ 437,760

5 80,000 $ 45,600 5 960,000 $ 547,200

6 96,000 $ 54,720 6 1,152,000 $ 656,640

7 112,000 $ 63,840 7 1,344,000 $ 766,080

8 128,000 $ 72,960 8 1,536,000 $ 875,520

9 144,000 $ 82,080 9 1,728,000 $ 984,960

10 160,000 $ 91,200 10 1,920,000 $ 1,094,400

11 176,000 $ 100,320 11 2,112,000 $ 1,203,840

12 192,000 $ 109,440 12 2,304,000 $ 1,313,280

13 208,000 $ 118,560 13 2,496,000 $ 1,422,720

14 2,688,000 $ 1,532,160

15 2,880,000 $ 1,641,600
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CONCLUSION
Potential concerns:

Additional local/on-site research to address;
• Are the grasshoppers suitable for human con-
sumption? Toxins etc.
o Initial research suggests no
• Do the current pesticides to get rid of the 
grasshopper have secondary eff ects on humans after 
consumption?
o Nosema locustae- one of the pathogens used 
to reduce the Tef Grasshopper population
o Durgano Inc, manufacturer of Nolo Bait (com-
mercial name for N. Locustae waiting for written 
research) have verbally denied that N. Locustae is toxic 
to humans.

Closing Statements

Using the any of the Grasshoppers or cricket species 
which are considered pests of the Ethiopian nation as a 
high protein fl our substitute has three primary ben-
efi ts. Firstly, with the grasshoppers being harvested the 
agriculture usually harvested will now be able to gain 
more yield each year. Secondly, the processed grass-
hoppers can be used to ease malnutrition experienced 
in this nation. Finally, the business potential for both 
personal and commercial application of this product 
will aid the lower income demographic to achieve 
more economic growth. 
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Additional areas to expand on

1. An Additional Idea: GHG (greenhouse gasses) 
Ability to apply for carbon credits?
2. In some regions of Ethiopia (and Af-
rica) malnutrition is a signifi cant concern (http://
labspace.open.ac.uk/mod/oucontent/view.
php?id=452005&section=8.3.2).  Grasshoppers can 
provide an excellent source of nutrition and micro-
nutrients, including a signifi cant dose of iron (see 
attached PDF: Grasshopper Nutrition).
3. Do you think it would be worth contacting 
the Africa Business Academy (http://www.wagenin-
genur.nl/en/show/The-Africa-Agribusiness-Academy-
support-for-African-SMEs.htm)?.  They seem to be an 
organization focused on fostering growth in small to 
medium African agri businesses.
4. Conditions that lead to poor crop yields (such 
as drought) do not necessarily result in decreased 
grasshopper populations.  In the future it may be 
worth looking into feeding damaged crops or inedible 
parts of crops, to insects.
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ENDNOTES
Grasshopper icon from Smithsonian entomology icon http://drewstocker.me/Smithsonian-Entomology-Icons

Figure 9, 13 and 17: http://faostat.fao.org/site/703/DesktopDefault.aspx?PageID=703#ancor
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APPENDIX 1: ETHIOPIAN ELECTRI-
CAL RATES (DOMESTIC)
Ethiopian Electrical Rates: Domestic

KWH
COFFICIENT

Range Price
RateFrom To

0 50 0.273
51 100 0.3564

101 200 0.4993
201 300 0.55
301 400 0.5666
401 500 0.588
501 1.00E+09 0.6943

SERVICE CHARGE COFFICIENT

Type
Range Price

RateFrom To

Single Phase

0 25 1.4
16 50 3.404
51 105 6.82

106 300 10.236
300 1.00E+09 13.652

Three Phase 0 1.00E+09 17.056
Active Reactive 0 1.00E+09 37.564
Minimum
Charge 0 20 34.197

Commercial Rates

KWH COFFICIENT
Range

Price RateFrom To
0 50 0.6088

51 1E+09 0.6943
Reactive Range

0 1E+09 0
Demand MD Range

0 1E+09 0

SERVICE CHARGE
COFFICIENT

Type
Range Price

RateFrom To
Single Phase 0 1000000000 14.494
Three Phase 0 1000000000 22.558
Active Reactive 0 1000000000 35.258

Minimum Charge

0 20 34.197
21 220 17.104

220 1000000000 8.552
Power Factor Charge 0 1000000000 68.369 39



A carbon credit is a tradable certifi cate representing 
the right to emit one ton of CO2 or a mass of another 
greenhouse gas (GHG) with a CO2 equivalent of one 
ton of CO2.  The other two main GHG gasses are Meth-
ane (has 25x the global warming potential [GWP] of 
CO2) and Nitrous Oxide (298x the GWP of CO2).  Indus-
trial agricultural operations generate most GHGs via: 
methane gasses produced by livestock, farm manure 
and livestock urine.

1. According to the Fiala (2008), the following 
amounts of CO2 or CO2 equivalents are created in the 
production of 1kg of meat:
- Producing 1 kg or beef creates 14.8kg of CO2
- Producing 1 kg or pork creates 3.8kg of CO2
- Producing 1 kg or poultry creates 1.1kg of CO2

2.         According to Oonincx (2010), grasshoppers cre-
ate only a fraction of the GHGs created by traditional 
livestock farming, and more specifi cally only about 1% 
of the GHGs produced by beef cattle.

3.         We may be entitled to additional carbon credits 
if we factor in the amount of food crops that we save, 
or the amount of pesticides we prevent, as a result of 
harvesting the grasshoppers.

Since we are creating an entirely new source of meat, 
it is diffi  cult to say which existing meat production 
method it should be compared against, and therefore 
it is diffi  cult to say how many carbon credits we will 
receive for each ton of grasshoppers that we harvest 
and sell.

Initial research suggests that carbon credits can be 
traded for about $10 to $25, depending on the carbon 
tax laws that exist in the country that the carbon credit 
it sold to.

Finally, the United Nations Environment Program 
(UNEP, 2012) states that as Africa’s GDP/capita increas-
es, so will meat consumption per capita.  Therefore, it 
may be in Ethiopia’s long term interest to invest in a 
sustainable source of meat earlier, rather than later.

APPENDIX 2: CARBON CALCULA-
TION
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APPENDIX 3: COLLAPSIBLE CRICK-
ET-REACTOR
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