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ABSTRACT 

Teff is a gluten-free grain native to Ethiopia that is gaining global popularity due to its 

nutritional benefits. Despite 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 quality, 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 parameter. The research involved 

determining engineering properties, designing and constructing a laboratory-scale 

conveyor system, and analyzing pressure drops across critical components, including the 

feeder, horizontal and vertical pipes, 90° bends, and a cyclone separator. Laboratory 

experiments, CFD-DPM simulations, and artificial neural network modeling were 

employed to comprehensively study the system. Teff grain was found to have a mean 

particle diameter of 0.68-0.72 mm, particle density of 1120-1381 kg/m³, sphericity of 0.67-

0.69, terminal velocity around 3.6 m/s, and an angle of repose between 20.2° and 23.8°. 

Compared to other cereal grains, teffôs smaller particle size and lower terminal velocity 

significantly influence its pneumatic conveying characteristics. Fluidized bed tests 

revealed that teff behaves as a bubbly, free-flowing material, with pressure drops of 100-

107 mbar/m and a minimum fluidization velocity of 0.56-0.575 m/s, indicating that dilute-

phase pneumatic conveying is more suitable than dense-phase systems. Minimum 

conveying velocities ranged from 6.0-20.7 m/s, depending on solid loading ratios 0.3-5.0 

and pipe diameters 50-110 mm, suggesting that teff requires relatively lower airflow rates 

for full particle suspension. However, itôs very small particle size leads to higher pressure 

drops and non-uniform air velocity distribution in straight pipes. CFD-DPM simulations 

closely matched laboratory results, with R² values of 0.990-0.997. ANN models trained on 

both experimental and simulation data also performed excellently, predicting pressure 

drops with R² values of 0.971-0.981. Statistical validation demonstrated the reliability of 

these models, with MSE of 27-7984, RMSE of 5.2-89, MAE of 4.1-65, and MAPE of 6-25%, 

showing strong agreement with experimental results and reliable predictive capability. The 

findings emphasize that the design of pneumatic conveyors for teff must consider its small 

particle size, moderate density, and low terminal velocity, rendering dilute-phase 

conveying the most suitable option. It is essential to optimize airflow and pressure 

differentials to ensure a blockage-free and energy-efficient operation. In summary, the 

integration of experimental analysis, CFD-DPM simulations, and ANN modeling offers a 

comprehensive approach to understanding teff grain flow, thereby facilitating the design, 

development, and optimization of efficient pneumatic conveying systems for production, 

postharvest handling, and processing applications. 

Keywords: Artificial neural network, Computational fluid dynamics, Experimental, 

Pneumatic conveying, Pressure drop, Teff grain
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CHAPTER ONE 

INTRODUCTION  

1.1. Background of the study 

Teff (Eragrostis tef (Zucc.) Trotter) 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 crop, but is also a country's symbol of pride. It is a really important 

crop for small farmers in Ethiopia, a staple food, and it has been a main source of food for 

thousands of years (Barretto et al., 2021).  

Teff is the smallest grain in the world, having colors from ivory and reddish-brown to 

white, with a distinct taste. It is gluten-free and nutritionally rich, containing high levels of 

protein, fiber, iron, calcium, and essential amino acids, and it has gained global credit as a 

potential super food and a viable alternative in modern food products (Abebaw & Abera, 

2020; Alfy et al., 2012; Tadele & Hibistu, 2022). 

Teff is an annual warm-season grass that occurs in different agro-ecological 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 soils with a pH from 5.5 to 6.5. 

However, teff is highly robust, tolerating nutrient-poor soils, drought, and waterlogging. Its 

maturation period ranges from sixty to one hundred twenty days, depending on the variety 

and environmental situation. It is primarily rain-fed and can also be irrigated; this 

highlights its adaptability in various conditions (Adepoju et al., 2024; Alemu et al., 2024; 

Gadissa & Adem, 2025). 

Teff is the basis of Ethiopiaôs food security, feeding huge parts of the population. It is 

grown by over 6.5 million smallholder farmers and produces over 5.4 million metric tons 

annually. Ethiopia also produces 90% of the worldôs teff, while its cultivation is expanding 

to Eritrea, Netherlands, South Africa,  Kenya, U.S., Australia, 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 18.82 quintals per hectare (Tiguh et al., 2024). To 

achieve higher teff yields, adopting row planting for optimal spacing, adjusting seeding 

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

agronomic practices (Negash et al., 2017). 



2 

 

Teff takes a bigger portion of farmland in Ethiopia than other major grains like maize, 

wheat, sorghum, and barley. In the 2020/21 production year, it covered about 22.56% of all 

of Ethiopiaôs agricultural land (Tiguh et al., 2024). 

In Ethiopian teff grain production varies in different regions of the country, including 

Oromia, Amhara, Tigray, Southern Nation and Nationalities Region, Benishangul-Gumuz, 

and others. As Oromia is high in terms of production, followed by Amhara and Tigray, 

productivity rates vary as agricultural practices are different, climatically variable, and 

resource-constrained. The regional distribution of teff highlights its importance in 

Ethiopian agriculture (Tadele & Hibistu, 2022). 

In Ethiopia, teff provides 2/3 of the daily protein intake. It is the primary ingredient 

for injera, a sourdough flatbread, porridge, and alcoholic beverages tôella, and arakôe. It has 

high mineral content and is suitable for fortified baby foods (Zeleke, 2015). Beyond human 

consumption, teff grass serves as nutritious fodder for livestock and is used in construction 

for the plastering of storage walls (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 scale. The introduction of 

mechanized solutions has reduced losses and labor intensity, while the adoption of 

improved agronomic practices, including optimized planting techniques, high-yield seed 

varieties, and precision fertilizer use, has further increased yields and grain quality 

(Endalew et al., 2024).  

Research, infrastructure development, and farmer training must continue to stimulate 

productivity growth and development. The policies on production and price stabilization 

are required to meet the country's domestic needs and growing export demand; these 

measures must be carefully designed to avoid negatively affecting Ethiopian farmersô 

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, work on high-tech agricultural innovations and sustainable 

practices for productivity improvement, market access, and quality enhancement to 

become competitive in exports is urgently required (Yigezu, 2021). 






























































































































































































































































































