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ABSTRACT

Teff is a gluterree grain native to Ethiopia that is gaining global popularity due to its
nutritional benefitsDespite its advantages, teff faces challenges in farming and handling
because of its tiny grain size, weak stems, high lodging tendency, and reliance on
traditional production and postharvest methods. These factors contribute to low yields,
poor grain qudity, and substantial losses during harvesting, handling, and processing.
This study investigates the use of pneumatic conveying systems to improve teff grain
handling, with a focus on pressure drop as a key system paramé&eresearch involved
determinng engineering properties, designing and constructing a laboragoaje
conveyor system, and analyzing pressure drops across critical components, including the
feeder, horizontal and vertical pipes, 90° bends, and a cyclone separator. Laboratory
experimats, CFDDPM simulations, and artificial neural network modeling were
employed to comprehensively study the system. Teff grain was found to have a mean
particle diameter of 0.68.72 mm, particle density of 11:A@81 kg/m3, sphericity of 0.67

0.69, termin&velocity around 3.6 m/s, and an angle of repose between 20.2° and 23.8°.
Compared to other <cereal grains, teffds sm
significantly influence its pneumatic conveying characteristics. Fluidized bed tests
reveakd that teff behaves as a bubbly, fflesving material, with pressure drops of X00

107 mbar/m and a minimum fluidization velocity of 605675 m/s, indicating that dilute
phase pneumatic conveying is more suitable than eemage systems. Minimum
conveyng velocities ranged from 620.7 m/s, depending on solid loading ratios-5.8

and pipe diameters 5010 mm, suggesting that teff requires relatively lower airflow rates
for full particle suspension. However,t vérg small particle size leads to hgghpressure

drops and nofuniform air velocity distribution in straight pipe€FD-DPM simulations
closely matched laboratoryesults, with R? values of 0.990097. ANN models trained on

both experimental and simulation data also performed excellentbdigiimg pressure

drops with R? values of 0.901981. Statistical validation demonstrated the reliability of
these models, WwitMSEof 27-7984, RMSEof 5.289, MAE of 4.165, and MAPEbf 6-25%,
showing strong agreement with experimental results and tel@edictive capabilityThe
findings emphasize that the design of pneumatic conveyors for teff must consider its small
particle size, moderate density, and low terminal velocity, rendering gihdse
conveying the most suitable option. It is essentialoptimize airflow and pressure
differentials to ensure a blockadeee and energefficient operation. In summary, the
integration of experimental analysis, CHDPM simulations, and ANN modeling offers a
comprehensive approach to understanding teff gfimw, thereby facilitating the design,
development, and optimization of efficient pneumatic conveying systems for production,
postharvest handiig, and processing applications

Keywarthgfici al neural hetwodEnrp@ommepnatl ona

P n e untaotnivceRri enggs u Teef fd rgorpa,i n



CHAPTER ONE

INTRODUCTION

1.1 Background of the study

Teff (Eragrostis tef (Zucc.Jrotter) is an essential cereal crop native to Ethiopia and is
deeply a part of the nation's culture and traditions. The crop not only serves as a crop used
in agriculture a staple cropbut is also a country's symbol of prideidita really important
cropfor small farmers in Ethiopia staple foodand it has been a main source of food for

thousands of yeafBarretto et al., 20291

Teff is the smallest grain in the world, having colors from ivory and redualisivn to
white, witha distinct taste. It is glutefree and nutritionally rich, containing high levels of
protein, fiber, iron, calam, and essential amino acids, ahtlas gained global credit as a
potental super food and a viabBdternative in modern food produdt&bebaw& Abera,
2020;Alfy et al., 2012; Tadele & Hibistu, 2022)

Teff is anannual warrrseason graghat occuss in different agreecdogical conditions. It

was cultivated optimally at high altitudes from 1,500 to 2,500 meters above sea level with
rainfall from 450 to 550 mm annually and needs drained agilsa pH from 5.5 to 6.5.
However, teff is highly robust, tolerating nutrigmor soils, drought, and waterloggints
maturation period rangdsom sixty to one hundred twentdays, depending dtie variety

and environmental situation. Is primarily rainfed and can also be irrigatethis
highlightsits adaptability in variousonditiors (Adepoju et al., 2024; Alemu et al., 2024;
Gadissa & Adem, 2025)

Tef f is the basis of Et hi opi aod sulafion.dtds secur
grown by over 6.5 million smallholder farmers and produces odemfilion metrictons

annual l y. Et hi opia also produces 90% of t he
to Eritrea, Néherlands South Africa, Kenyal.S., Australa, and other regions due to its
adaptability(Hein et al., 2025)It has the lowest yield of all the main cereal grains in
Ethiopia, usually ranging from 17.56 to 18.&&intals per hectar@iguh et al., 2024)To

achieve higheteff yields, adopting row planting for optimal spacing, adjusting seeding

rates, selecting improved varieties, and applying appropriate fertilizers are essential

agronomic practicegNegash et al., 2017)



Teff takes a bigger portion of farmland in Ethiopia than other major grains like maize,
wheat, sorghum, and barley.thre 2020/21 production year, it covered about 22.56% of all
ofEt hi opi ads {Tiguhietcal, ROR4) r a | | and

In Ethiopian teffgrain production varies irdifferent regions of the country, including
Oromia, Amhara, TigraySouthern Nation and Nationalities Regi@enishangulGumuz

and others. As Oromia is high in terms of production, fodldlwy Amhara and Tigray
productivity rates vary as agriculalrpractices are different, climatically variabland
resourceconstrained. The regional distribution of teff highlights its importance in
Ethiopian agricultug (Tadele & Hibistu, 2022)

In Ethiopig teff provides2/3 of the daily protein intake. It is the primary ingredient
for injera a sourdough flatbread, porridge, and alcoholic bevertagegdndaa a. K ldas
high mineral content and suitable for fortified baby food&eleke, 2015)Beyad human
consumption, teff grasserves as nutritious fodder for livestock and is used in construction

for the plastering of storage wal{Roseberg et al., 2018)

Recently advancements in teff production have improved its yield and quality, with
notable progress through cluster farming practices that enable smallholder farmers to pool
resources, share knowledge, and achieve economies of Huoalentroduction of
mechanizedsolutions has reduced losses and lalkatensity, while the adoptiorof
improved agronomic practicescluding optimized planting techniques, higield seed
varieties, and precision fertilizer yshas further increaseyields and grain quality
(Endalew et al., 2024)

Research, infrastructure developmeand farmer training must continue to stimulate
productivity growth and developmenthe policies on production and price stabilization

are required to meet the country's domestic needs and growing export dehesed

measures must be carefully designed tavoi d negatively affectd.i
livelihoods. Effective policy implementation should balance market competitiveness with

fair producer prices, ensuring that farmers remain motivated to sustain and improve teff
production In addition, vork on hightech agricultural innovations and sustainable
practices for productivity improvement, market accemsd quality enhancement to

become competitive in exports is urgently requiféidezu 2021)













































































































































































































































































































































































































































