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Article info Ethiopia’s rice production has grown steadily since the 1970s, reaching 268,224 tons in 2020/2021.

Received: 28 July 2025 The Fogera Plain, a major rice-producing region, has strong potential for rice-processing expansion
Accepte d 10 December 2025 but faces challenges in grain quality, competitiveness, and supply chain efficiency. Rice processing
Publishe d 09 January 2026 adds value, supports incomes and employment, and strengthens rural economies. This study ana-

lyzes the structure, performance, and constraints of the Fogera Plain rice-processing sector, focus-
ing on milling technologies, market dynamics, and operational challenges. Data on machine distri-
Keywords bution, processing capacity, technological adoption, and value-chain factors were used to assess

paddy milling efficiency and its implications for producers and processors. N90 and NX110 mills domi-
machine nate the sector (42.64% and 18.60%). Between 1998 and 2023, an average of 6.15 new machines were
engelberg installed annually, reflecting a 5.25% mean growth. One-pass Engelberg machines account for
SB-series 75.97% of mills, followed by two-pass SB series (23.25%) and multilevel machines (0.78%). Poor
maintenance maintenance and limited processing knowledge reduce efficiency, increase breakage, energy use,
spare-part processing time, and costs, and lower market value. Farmers face high transport costs and limited
processors market access, while processors often act as buyers and traders. Milling is concentrated from No-
quality vember-February, and maintaining optimal paddy moisture (12-16%), skilled labour, and efficient
machinery is critical. The sector has strong growth potential but is constrained by outdated tech-
nology, quality control issues, and supply chain inefficiencies. Enhancing competitiveness requires
policy support, strengthened cooperatives, post-harvest management, and educational programs.
Premium rice production offers higher returns, but adoption may remain limited without targeted
interventions.
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1. Introduction 268,224 tons in 2020/2021 [3]. This growth, driven

by improved agronomic practices, high-yield vari-
Ethiopia’s rice cultivation has expanded substan- eties, and government support for food security [2],
tially since the 1970s [1, 2], with paddy production  is most notable in Amhara, SNNPR (Southern Na-
increasing from 170,630 tons in 2019/2020 to tions, Nationalities, and Peoples’ Region), Oromia,
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Somali, Gambella, Benishangul-Gumuz, and Tigray.
In 2009, Amhara led in cultivated area (44%) and pro-
duction (40%), followed by SNNPR (18.7% and
18.6%, respectively) [4]. Recent decades have seen
substantial increases in Amhara, Benishangul-
Gumuz, Oromia, and South West Ethiopia Peoples’
regional states [5].

Despite this growth, domestic production remains
insufficient to meet demand, and the competitiveness
of Ethiopian rice is constrained by poor paddy quality
and outdated processing equipment [6, 7], leading to
significant imports from India, Pakistan, and Thailand
that strain foreign currency reserves [8]. The commer-
cialization of rice has fueled the rapid expansion of
milling industries, particularly in the Fogera Plain,
where registered processors increased from 10 in 2009
to over 150 nationwide by 2018 [7, 8]. Over 123 small-
scale processors currently operate in the Fogera Plain,
with an estimated 34% annual growth rate [7, 8].

The sector relies primarily on Engelberg steel
huskers (N and NX models), favoured for affordabil-
ity and ease of use [7]. Powered by 5- to 20-horse-
power engines and often used for custom milling,
these machines are prone to grain damage and low re-
covery rates [9]. Obsolete and poorly maintained
equipment, together with limited adoption of modern
combined machines due to drying limitations and
high energy consumption, exacerbate quality issues.
Variability in paddy seed size further reduces milled
rice quantity and quality, shifting risk from proces-
sors to producers [7].

Although Ethiopia’s rice production and milling
sector have expanded rapidly, particularly in the
Fogera Plain, persistent challenges limit competitive-
ness and quality. Outdated milling technologies, poor
maintenance, inconsistent paddy quality, and weak
post-harvest management reduce milling efficiency
and shift quality risks from processors to producers.
Supply chain inefficiencies, limited market access for
farmers, and concentrated milling periods further
constrain sector performance. Moreover, the absence
of comprehensive, empirical data on machine distri-
bution, processing capacity, technological adoption,
and operational constraints hampers evidence-based
interventions.

To address these gaps, this study assesses the
structure, performance, and constraints of the Fogera
Plain rice-processing sector, focusing on milling tech-
nologies, market dynamics, operational challenges,
and opportunities to enhance rice quality, competi-
tiveness, and profitability. The analysis integrates ma-
chine-level data, supply chain assessments, and qual-
itative evaluations to provide actionable insights for
processors, policymakers, and stakeholders. By sys-
tematically examining technology adoption, supply

chain efficiency, processing practices, and market in-
teractions, the study contributes updated knowledge
on Ethiopian rice production and processing and
identifies strategies for sustainable and profitable in-
dustry development.

2. Materials and methods
2.1. Study area

The Fogera Plain, located in the South Gondar Zone
of the Amhara Region between 11°42'N and 12°03'N
latitude and 37°25'E and 37°58'E longitude, ranges in
altitude from 1,500 to 2,500 meters. It experiences an-
nual temperatures from 10.3°C to 18.75°C and an av-
erage annual rainfall of 1,284 mm [10]. Situated 582
km from Addis Ababa, east of Lake Tana on the Bahir
Dar-Gondar road, the Fogera lowlands' marshland
area is rainfall-dependent. This region is the primary
rice producer in Ethiopia, contributing 70% of the na-
tion's rice grain supply [4, 11]. Rice mills in the Fogera
Plain are categorized as either Custom Mills (Village
Mills) or Commercial Mills (Large Mills) [7]. A sur-
vey of 81 randomly selected rice processors was con-
ducted in the Dera, Fogera, and Libokemkim dis-
tricts, specifically in the towns of Wereta, Hamusit,
and Yifag, and nearby kebeles (Abua Kokit, Shina
Tsyon, and Jigna). These areas have seen rapid
growth in rice processing industries due to increased
rice commercialization and smallholder production.
The survey area is depicted in Figure 1.

N

37°I00E 38'00E 38°300°E 30°00°E

Legend

[ Hamusit Town
[ sina Toyon
[ Abua Kokit
. & I \vereta Town
{) B o= oun
] Jegina

Kebeles in Dera Fogera and
Libokemkim Districts

200N
120N

1°300°N

1°300N

€

3T300E WO0E 38300E 3000

Fig. 1. Map of the survey area
2.2. Identification of target respondents

The rice processing industry in Ethiopia's Fogera
Plain, especially in towns (Wereta, Hamusit, and
Yifag) and Kebeles (Abua Kokit, Shina Tsyon, and
Jigna), suffers from poor milled rice quality and ob-
solete equipment, leading to increased imports from
India, Pakistan, and Thailand. A study investigated
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this sector to understand its dynamics, identify key
stakeholders, and address challenges related to local
demand, processing trends, and market forces. Stake-
holders across the rice value chain were consulted to
discuss current practices, opportunities, and con-
straints. Primary data gathered via structured ques-
tionnaires, analyzed processors, marketing, machin-
ery, milling quality, consumption, and gender roles.
The study also examined input sources, industry ob-
stacles, and opportunities, supplemented by second-
ary data on area coverage, processing trends, machin-
ery types, and market information. Focus groups with
processors, rice collectors, and government repre-
sentatives further enriched the study's insights.

2.3. Sampling methods

This study examined Ethiopia’s domestic rice pro-
cessing sector using a mixed-methods approach, inte-
grating quantitative and qualitative data. Data were
collected through structured questionnaires and in-
terviews with 81 randomly selected rice processors
and other value chain participants, including input
suppliers, development agents, government staff, and
consumers. Study sites represented key regional, na-
tional, and agroecological zones for rice processing.
Qualitative data from key informants complemented
survey findings.

The questionnaire included closed-ended ques-
tions to collect quantitative data on processor charac-
teristics, machine types, processing capacity, produc-
tion volumes, and market participation; rating-scale
(Likert-type) questions to assess perceptions of chal-
lenges, technology efficiency, and access to inputs and
markets; and open-ended questions to capture mana-
gerial decisions, operational difficulties, value chain
constraints, and improvement opportunities. This
design enabled triangulation across stakeholders, in-
tegrating quantitative and qualitative perspectives for
a comprehensive understanding of sector perfor-
mance and constraints.

From a target population of over 150 processors
across six study areas, 81 were surveyed, with a single
household processor as the sampling unit. The sam-
ple size was calculated to estimate proportions within
+10% with 95% confidence, covering approximately
70% of all processors [12]:

1-p) (1)

Where:

Z = the statistical confidence; therefore, z = 1.96 translates to 95% confi-
dence,

p = Expected prevalence (of the rice processors of interest) with 70% of
the included

d = Describes intended precision; d = 0.1 means that the estimate falls +/-
10 percentage points of true prevalence with the considered confi-
dence.

In order to estimate rice processor population
proportions in the district and towns, we require a
simple random sample of 81 processors. This sample
size will estimate the true proportion within 10% with
95% confidence and is expected to cover approxi-
mately 70% of all rice processors.

A p(l=p) _1.96*x0.70(1-0.70)

7 o =80.67 ~ 81 sample rice processors

2.4. Data collection and sources

This study investigated the rice processing sector
through secondary data analysis and primary re-
search to determine its challenges, local demand, pro-
cessing trends, and regional market dynamics. Stake-
holders, identified through keyword searches and
research databases, encompassed input suppliers,
producers, extension agents, processors, traders, con-
sumers, and NGOs. Primary data, collected via struc-
tured household surveys, evaluated processor activi-
ties (marketing, services, machinery, milling
quality/loss, consumption), gender roles, input
sources, opportunities, and constraints. Focus group
discussions and key informant interviews comple-
mented the survey data. Direct observation of facili-
ties, marketing practices, and post-harvest handling
validated the findings, providing a comprehensive
overview of the rice industry's limitations and poten-
tial.

2.5. Data analysis

Data from group discussions, interviews, observa-
tions, and documents were analyzed thematically.
Survey data from sampled households were evaluated
using descriptive statistics (mean, standard deviation,
frequency, and percentages). Perception-scaled re-
sponses were analyzed using a Likert scale. SPSS ver-
sion 22.0 was used for data analysis, and results are
presented in tables and figures. Statistical analyses
were chosen based on data type and information ob-
tained.
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3. Results and discussion
3.1 Characteristics of the processors

A survey of 81 rice processors was conducted across
three districts in the Fogera plain: Fogera,
Libokemkim, and Dera. The sample distribution in-
cluded 47 rice processors in Wereta town, 3 in Abua

Kokit Kebele (Fogera district), 4 in Shina Tsyon
Kebele and 15 in Yifag town (Libokemkim district),
11 in Hamusit town, and 1 in Jigna Kebele (Dera dis-
trict). The survey revealed that 86.4% of rice proces-
sors were male-headed. The majority (45.7%) had an
elementary education (grades 5-8), as detailed in Ta-
ble 1. The average age was 36.65 years (SD = 11.45),
ranging from 19 to 74 years.

Table 1. The education level of the owner of the rice processor

Education category

Education Level (%)

Irregular Education 1.2
Primary Education (Grades 1*' to 4') 8.6
Elementary Education (Grades 5™ to 8 457
High School (Grade 9" to 10'") 13.1
Preparatory School (Grade 11" to 12'") 16.7
Diploma 12.3
First Degree 1.2
No Literacy 1.2

Survey data: 2024

3.2. Levels and features of the processors

Rice processing in the Fogera Plain has grown sub-
stantially since 1997, when only one processor served
the region [7]. While the first milling business was es-
tablished in 1998, the average establishment year is
2015. Before this, in 1990, the first rice processing ser-

vice for farmers was established in Woreta town, fol-
lowed by another in Yefag town, Libokemkem Dis-
trict [6, 7]. Currently, processors operate an average
of two rice milling machines. Some processors
(34.6%) use only rice processing machines, while oth-
ers (65.4%) use both flour and rice processing ma-
chines. Capital and ownership details of the milling
companies are shown in Table 2.

Table 2. Capital and ownership of the milling company

Variables Mean SD Min Max
Capital of Rice Processing Company (ETB) 1,829,649.12 2,851,945.43 30,000.00 12,000,000.00
Year of Establishment 2,015 5.30 1,998.00 2,023.00
Number of Branches 1.20 0.32 1.00 2.00
Number of Rice Milling Machines 2.13 1.10 1.00 7.00
Number of Flour Milling Machines 1.64 1.45 0.00 8.00
Number of Staff 4.67 3.53 1.00 30.00
Capacity of milling of paddy (Qu/hr) 7.87 447 1.55 20.00
Space size of milling facility (m?) 377.69 453.97 20.00 3000.00
Warehouse for stock of paddy (Qu/hr) 2849.87 6838.15 50.00 50000.00

Survey data: 2024

Rice processing in the Fogera Plain is mainly
small-scale, limited by capital, capacity, and infra-
structure, especially unreliable electricity. The sector
is dominated by private millers, including custom/vil-
lage mills (65.4%) and commercial mills, with Engel-
berg machines most common (59.3%), followed by SB

Series combinations (28.4%) (Figure 2). Custom Mil-
lers earn revenue from processing fees and by-prod-
ucts. Most processors use outdated, poorly main-
tained equipment, though some have acquired newer
multi-level machines through cost-sharing programs.
Limited drying space and high energy consumption
further constrain efficiency and rice quality.
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Multilevel processing machines are currently non-
operational due to limitations in drying workspace,
access, and electricity consumption. The N90 and
NX110 rice milling machine models dominate the
market with 42.64% and 18.60% shares, respectively,
followed by the SB series and multilevel processing
machines. N70 models are scarce and outdated in the
Fogera plain. Newer Engelberg-type models (NPF-90
and NPF-110) have been introduced, but in limited
quantities. While rice processing typically involves
paddy drying, cleaning, de-husking, paddy separa-
tion, de-branding/whitening/polishing, grading, and
color sorting to ensure quality and nutritional value,
processors in the Fogera Plain primarily utilize only
de-husking and polishing. Poor control over pro-
cessing steps like cleaning, sorting, and storage leads
to low-quality local rice that cannot compete with im-
ported rice. Improving the quality of locally produced
rice is crucial for competitiveness.

3.3. Access to the processors' improvement pro-
gram

Rice processor capacity building, essential for indus-
try advancement, is hampered by limited governmen-
tal support despite the potential of training, financial
aid, and tax subsidies. Assaye and Alemu [7] high-
lighted inadequate government facilities and staffing
as barriers to accessing capacity building. Develop-
ment partners can address these issues by providing
targeted training, financial assistance, and modern
processing equipment, facilitated through advanced
rice industries. A substantial 86.4% of rice processors
surveyed reported a lack of government support. The
limited assistance received originated mainly from
agriculture, trade, and industry sectors, focusing on
training, workspaces, and tax subsidies, but lacked a
dedicated program for the rice processing industry in
the study area. External donors, primarily MEDA,
Agro BIG, and JICA, have supported approximately
34.6% of millers, offering training (72%) and financial
assistance (18%), alongside market linkage and tech-
nical support. Machine cost-sharing, mainly through

the MEDA project (2018-2024), constituted a signifi-
cant portion of financial aid. Additionally, around 5%
of rice millers acquired milling machines through
lease financing from Waliya Leasing.

3.4. Possession and growth of rice processing

Rice processing in the Fogera Plain is predominantly
small-scale due to limited capital and capacity, while
large-scale processors are constrained by inadequate
infrastructure, particularly unreliable electricity [7].
The sector is dominated by private millers, including
custom/village mills (65.4%), which process rice with-
out trading, and commercial mills that handle pro-
cessing, buying, and selling, generating revenue from
fees and by-products. Of 139 milling machines as-
sessed, 75.97% are single-pass Engelberg types,
slightly down from 84.3% previously reported. Engel-
berg mills are low in efficiency due to impure bran
mixing with husk, increasing breakage, and reducing
market income. Complete white rice production of-
ten requires two passes, as Engelberg machines lack a
rice-husk separation mechanism. Millers operate an
average of two machines each, ranging from one to
seven (Figure 3).
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Fig. 3 Number of rice milling machines per individual
miller in percent (%)

Commercial millers, often with two or more ma-
chines, supply domestically milled rice to wholesalers
in cities such as Bahir Dar and Addis Ababa. Both sin-
gle and multiple machine operators offer custom
milling services. Paddy is processed using Engelberg
mills, low-capacity machines that produce signifi-
cantly broken rice during simultaneous dehusking
and polishing. Engelberg milling machines suffer
from low efficiency and require two passes for white
rice, even with 2-3% paddy remaining due to the ab-
sence of a separation system [13]. In contrast, the SB
series milling machine is a compact, single-pass, two-
stage mill with a rubber roller husker and friction em-
ery polisher. It utilizes rollers for husking, a brown
rice huller system, and an air blower for husk removal
[14]. The SB series offers versatility by producing
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both brown and white rice, meeting varied consumer
demands, and aligning with local diets and traditional
food preparation. For example, Injera can incorpo-
rate up to 50% brown or white rice flour, favoured by
urban consumers for color and farmers for cost sav-
ings. Rice is also used in traditional beverages like
Tela and Areki, promoting sustainable and nutritious
diets [15]. However, most processors primarily use
machines for de-husking through custom millers.
The N90 and NX110 models are the most common,
holding 42.64% and 18.60% of the market share, re-
spectively. Overall, 75.97% of respondents used En-
gelberg-type mills, including N90, NX110, NPF-90,
N70, and NPF-110 models (Figure 4).

45.0 42,64

40,0
35,0
30,0

é.?

w

g

izl

g B0 18,60

g 200 13,95

g 150 8,53

g 100 3,10 . 3,10 3,10 6.20

g 50 , l , , [ 0,78

& 00 | | L J—
» 2 Q P Q Q Q Q &
A A P P

A £ = S

Model of milling machine

Fig. 4. Available models of milling machine (%)

The machines are mainly used for the combina-
tion operation of dehusking and polishing. It was ob-
served that the percentages for both polishing and de-
husking operations are 17.91% and 80.60%,
respectively. The financial way of accessing the pro-
cessor machine is from own resources (80.20%), re-
sources from families and friends (6.20%), loans from
banks/microfinance (7.4%), and cost-sharing ap-
proaches with NGOs or Lease Financing (6.10%), re-
spectively. Cost-sharing approaches with NGOs or
lease financing are from Waliya Capital Goods Fi-
nance Business S/C and MEDA for 2.5% and 3.6% re-
spectively. The sources for the machine include a lo-
cal dealer in Bahir Dar (48.1%), a dealer in Addis
Ababa (29.6%), and used machines from another mil-
ler (17.3%). The survey indicated that the mean an-
nual development of the rice milling business in the
Fogera Plain from 1998 to 2023 is 5.25%, which is
lower than the Assaye and Alemu [7] estimation of an
average growth rate of rice processors of 34% per year
between 1997 and 2018. The maximum and mini-
mum growth rates recorded were 17.3% (2017) and
1.2% (2001 to 2007, 2011, and 2012), respectively
(Figure 5).

According to the survey, an average of 6.15 new
machines were bought annually between 1998 and
2023 (Figure 6). The sample machine types are Engel-
berg, SB series, and multilevel machines, with 99, 24,
and 2 sample machines, respectively, from the period
1998 to 2023. The overall mean annual growth rate by
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Fig. 5. Annual Growth Rate (years) of Rice Processors (%)
in the Fogera Plain

machine type is 4.95, 1.1, and 0.1 machines, respec-
tively. Figure 6 shows that the machine growth rate
was calculated by dividing the recorded new ma-
chines per year by the total sample of machines and
multiplying by 100. The maximum annual growth
rates for various machine types from 2015 to 2023
were as follows: 3.97%, 5.56%, 14.29%, 12.70%,
10.32%, 3.97%, 4.76%, 8.73%, and 11.11%. In con-
trast, the minimum growth rate recorded for all ma-
chine types was 0.79% in both 1998 and 2012, as illus-
trated in Figure 6.
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Fig. 6. The annual growth rate of the rice milling ma-
chines in the Fogera plain: 1998-2023

This study analyzed 132 rice processing machines
acquired between 1998 and 2023. The N70 and N90
are older milling machines, while the SB series, intro-
duced in the last decade, is relatively new. However,
this result disproves Alemu et al. [15], who declare
that about 52% of processors in Ethiopia reported
owning old models of processing machines with lim-
ited efficiency. Additionally, 63% of processors be-
lieved that modern machines were not available in lo-
cal and domestic markets. On the contrary, this
assessment reveals a rapid growth in the ownership of
rice milling machines in the Fogera plain, as depicted
in Figure 6, indicating the presence of recent and new
machines. Moreover, it aligns with [15], who declared
that machinery quality and efficiency are related tothe
unavailability of standard milling machines, reducing
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the extent of rice breakage and the use of old and in-
efficient machines. Imported Chinese machines have
lower efficiency than top-tier alternatives due to pro-
cessor limitations [15]. Cost-sharing encourages the
use of old, poorly maintained equipment. Multilevel
processing machines are impractical due to high elec-
tricity consumption and limited drying space [7].
While large-scale rice processing machines can grade
rice, there's no financial incentive for doing so. Con-
sequently, processors use older machines and lack es-
sential facilities for de-stoning, cleaning, grading,
storage, and transport [7].

3.5. Perception of milling machine performance
and quality

3.5.1. Quality of rice milling machine

The survey indicates that the most important invest-
ment for rice processors is processing machines and
skilled manpower to operate the machines. This ac-
counted for 75.97%, 23.25%, and 0.78% for one-pass

Engelberg, two-pass SB series, and multilevel ma-
chine types, respectively. These findings align with
the research conducted by Alemu et al. [15], which
stated that about 84.3% of rice processors own a one-
pass/polishing machine, followed by 38.5% owning a
two-pass milling machine. All types of machines im-
ported from China, operating on electric power with
varying milling capacities, have lower efficiency levels
compared to market-quality options due to limited
processor capacity for higher-quality machines.
Moreover, it was examined based on the perception
and knowledge of processors using a 5-point Likert
scale. The scale rates "very high," "high," "medium,"
“fair," and "low" as 1, 2, 3, 4, and 5, respectively, for
machine failure frequency. Similarly, the scale rates
"very poor," "poor," "fair," "good," and "very good" as
1, 2, 3, 4, and 5, respectively, for the availability of
spare parts. The analysis revealed that the machine
failure frequency and availability of spare parts for all
sample rice milling machines (one pass, two pass, and
multilevel) were rated as medium, as shown in Table
3.

Table 3. Likert scale rate of frequent failure and availability of spare parts of machines.

The rate of machine failures

The Rate of availability of Spare parts

Score Decision % N Mean Sd Score Decision % N Mean Sd
N70 2.25 High 3.28 4 1.33 0.58 2.75 Medium 3.31 4 1.33 0.58
N90 3.19 Medium 42.62 52 10.40 8.17 3.56 Fair 41.32 50 10.00 7.87
NX110 3.10 Medium 23.77 29 5.80 3.96 3.28 Medium 23.97 29 5.80 3.11
NPF-110 4.0 Fair 2.46 3 1.00 -- 4.00 Fair 2.48 3 3.00 --
NPF-90 3.9 Fair 8.20 10 3.33 1.53 3.80 Fair 8.26 10 5.00 4.24
One pass 3.22 Medium 80.33 98 4.38 3.88 3.48 Medium 79.34 96 5.03 3.28
SB-10D 35 Fair 3.28 4 2.00 1.41 3.00 Medium 4.13 5 1.33 0.58
SB-30D 2.75 Medium 3.28 4 2.00 1.42 3.20 Medium 4.96 6 1.67 0.50
SB-50D 343 Fair 11.48 14 2.80 1.30 2.71 Medium 11.57 14 3.50 1.00
Two-pass 3.32 Medium 18.03 22 2.27 0.46 2.87 Medium 20.66 25 2.17 1.17
Multilevel 2.50 High 1.64 2 1.00 -- 3.00 Fair 1.65 2 2.00 --
Overall 3.23 Medium 100 122 3.29 3.27 3.36 Medium 100.0 121 3.06 1.50

Survey data: 2024

Machine downtime from failures, insufficient
parts and paddy stock, and labour shortages reduce
milling efficiency and increase costs. Hence, the per-
ception and knowledge of rice millers using a 5-point
Likert scale, where very high, high, medium, fair, and
low are rated with 1, 2, 3, 4, and 5 respectively, for the
rate of machine downtime was fair from a sample of
120 rice milling machines, where the one pass, two
pass, and multilevel machines were 80.0%, 18.3%, and
1.7% respectively, as shown in Table 4. Although the
milling loss of a machine is also another critical pa-
rameter to evaluate the performance of a rice milling
machine, it can be estimated both qualitatively and

quantitatively. The survey assessed the perception re-
garding machine performance based on estimations
by the sample rice millers' experience and knowledge
of the rice milling business in the study area. It was
revealed that medium, low, fair, high, and very high
with 33.33%, 28.43%, 26.47%, 9.80%, and 1.96% re-
spectively in the same order, based on the frequency
of 125 sample rice milling machines, where 79.20%,
17.60%, and 3.20% are one pass, two passes, and mul-
tilevel respectively (Table 4).
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Tab. 4. Likert scale score for rate of rate of machine downtime and the rate of milling loss

The rate of machine downtime

The rate of milling loss of the machine

Score Decision % N Mean Sd Score Decision % N Mean Sd
N70 3.00 Medium 33 4 1.33 0.58 2.50 High 3.20 4 2.00 1.41
N9o 3.74 Fair 41.7 50 10.0 6.56 3.31 Medium 43.20 54 10.80 4.15
NX110 3.72 Medium 24.2 29 5.80 4.55 3.30 Medium 21.60 27 5.40 1.82
NPF-110 4.00 Fair 2.5 3 1.00 0.00 3.00 Medium 3.20 4 1.00 0.00
NPF-90 4.00 Fair 8.3 10 3.33 1.15 2.90 Medium 8.00 10 3.33 1.53
One pass 3.74 Fair 80.0 96 4.29 3.72 3.22 Medium 79.20 99 4.51 3.88
SB-10D 4.00 Fair 33 1.33 0.58 3.80 Fair 4.00 5 1.67 1.15
SB-30D 4.00 Fair 33 4 2.00 0.00 3.67 Fair 2.40 3 1.50 0.71
SB-50D 3.57 Fair 11.7 14 2.80 1.79 3.93 Fair 11.20 14 4.67 3.21
Two-pass 3.73 Fair 18.3 22 2.04 0.73 3.86 Fair 17.60 22 2.61 1.34
Multilevel 3.00 Medium 1.7 2 1.00 0.00 4.50 Low 3.20 4 2.00 0.00
Overall 3.73 Fair 100.0 120 3.18 2.19 3.38 Medium 100.0 125 3.59 2.79

Survey data: 2024

The Likert scale score for the rate of operation
quality of the machine was also examined. The op-
tions for rating were very poor, poor, fair, good, and
very good, which were assigned scores of 1, 2, 3,4, and
5, respectively. This examination was conducted on a
sample of 113 rice milling machines, where 78.76%
were rated as one pass, 19.47% as two pass, and 1.77%
as Multilevel. The overall rating for the rate of opera-
tion quality of the machine was determined to be fair,
as shown in Table 5. The overall situation of the mill-
ing machine regarding the frequency of

Failures, availability of spare parts, machine down-
time, milling loss, and operation quality were as-
sessed. It was revealed that the situation was either
“fair” or “medium,” indicating that predictive
maintenance and real-time monitoring are required
effective strategies for reducing the risk of machine
failure and improving milling operation quality. It is
crucial to understand the root causes of machine fail-
ure to implement long-term solutions and improve
the reliability of equipment, the availability of spare
parts, and the machine downtime.

Table 5. Likert scale score for the rate of operation quality of the machine

N70 N90 NX110 NPF- NPEF- One SB- SB- SB- Two- Multilevel  Ove

110 90 pass 10D 30D 50D pass rall

Score 4.00 3.79 3.96 3.50 3.78 3.84 425 3.50 3.79 4.05 4.00 3.88
Decision Fair Fair Fair Fair Fair Fair Low Fair Fair Fair Fair Fair
% 3.54 4248  23.01 1.77 7.96 78.76 3.54 3.54 12.39 19.47 1.77 100
N 4 48 26 2 9 89 4 4 14 22 2 113
Mean 1.33 9.60 8.67 1.00 4.50 5.93 1.33 2.00 4.67 2.75 1.00 4.52
Sd 0.58 7.13 2.08 0.00 3.54 2.66 0.58 0.00 1.53 0.70 0.00 1.71

Survey data: 2024
3.5.2. Milling performance of the machine

The study evaluated rice processors' perceptions of
quantity and quality losses from SB series, Engelberg,
and multilevel rice milling machines. The assessment
focused on milling performance, recovery rate, and
by-product generation. The capacity of the assessed
machines (Table 6) was lower than reported by As-
saye and Alemu [7] and machine manufacturers. The

report revealed the machine types with the fol-
lowing capacities: N90 (800-1300), N70 (900-1500),
NX110 (1000-1200), Sb30 (1000-1500), Sb50 (1800-
2300), and Multi-level processors (2500 kg/hr) [7].
However, the mean milling capacity reported by re-
spondents is significantly lower than both the manu-
facturer's recommendation and related research find-
ings (p < 0.01). This suggests rice millers in the study
area are underutilizing their milling machines' poten-
tial capacity (Table 6).
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Table 6. Model of rice milling machine and mean milling capacity (kg/hr)

Model of Milling Capacity (kg/hr)
Machine Mean SD N Minimum Maximum Machine Mean
Type
Multilevel ~ 1750.00%* (144.34)  250.00 2 1500.00 2000.00  Multiple-pass 1750.00
mill
SB-10D 772.22°% (118.76) 20571 4 600.00 1000.00
SB-50D 640.00** (20.82)  36.06 17  600.00 670.00  SB-Series 699.40
SB-30D 638.10** (30.95)  53.61 7 607.14 700.00  (two-pass
mill)
N90 601.52** (64.71)  78.74 55 479.55 625.00
NPF-90 598.06** (15.71)  67.74 11 566.67 700.00
NX110 540.45** (38.22)  166.14 32 470.00 800.00 Engelberg 521.10
NPF-110 466.67** (38.49)  101.84 4 400.00 600.00 (One-pass
N70 311.11** (101.99)  176.65 3 150.00 500.00 mill)

Survey results: 2024. In (bracket) is the standard error, ***1% probability of significance

The perceptions of rice millers on the perfor-
mance of machines on the white and/or brown rice
milling recovery (%) and by-product (%) of short,
medium, and long paddy grain size for all machine
types: Engelberg, SB series, and multilevel type mill-
ing machines were analyzed using test statistics. Rice
milling recovery refers to the quantity of husked and
polished brown and/or white rice obtained from
paddy rice, which varies based on operator skill, ma-
chine type, variety, paddy conditions, and grain size.
Processors struggle to recognize varieties, except for
long, medium, and short grain sizes with brown rice
stage colors. It was believed that paddy rice is com-
posed of roughly 20% rice hull or husk, 11% bran lay-
ers, and 69% milling recovery, also referred to as the
total milled rice [16].

The Engelberg types of milling machines do not
have a separation mechanism for the byproducts
composed of bran and husk, which account for 31%
of the mass of paddy. Therefore, the rice milling re-
covery of the Engelberg-type machine, specifically the
NX110 model, is significantly different and has an op-
timum milling recovery of 69% and a byproduct of
31% for the short-grain variety, as shown in Table 7
below. The results in Table 7 also showed that the out-
puts of Engelberg-type milling machines, which in-
clude N70, N90, NX110, NPF90, and NPF110 ma-
chine models, have significantly lower average values
of White Rice Milling Recovery (%) compared to the
optimum values at a 1% significance level for short
grain sizes, indicating that the byproducts are signifi-
cantly higher and incur higher milling loss, as shown
in Table 7.

Table 7. White Rice Milling Recovery (%) and By-product (%) of short paddy grain size for Engelberg-type milling ma-

chines

Model White Rice Milling Recovery By-product (Husk and bran) %

Mean T-value and SD N Min Max Mean T-value and SD N Min Max

Sign. Sign.

N70 67.63 (3.06) -0.45 7.51 4 60.0 75.0 32.33 (3.06) 0.78 6.12 4 25.0 40.0
N9o 67.98 (0.58) -1.77 4.26 54 52.0 75.0 31.93 (0.62) 1.51 3.52 54 25.0 480
NX110 66.98 (0.92) -3.28%* 4.60 25 55.0 72.0 32.62(0.91) 2.89** 4.53 25 28.0 45.0
NPF90 64.90 (2.34) -1.76 7.39 10 52.0 73.0 35.10 (2.34) 1.76 7.39 10 27.0 48.0
NPF110 69.80 (0.72) 1.11 1.60 5 67.5 72.0 30.0 (0.76) -1.32 1.70 5 28.0 325
Overall 67.48 (0.48) -3.15%* 4.76 98 52.0 75.0 32.35(0.49) 2.74%* 4.87 98 25.0 48.0

Survey results: 2024. In (bracket) is the standard error, *5%, **1% probability of significance

Some studies on the paddy grain sizes of common
rice varieties, Selam, Shaga, and Ediget, consider them
to be medium grain sizes [17]. However, the shape

and size of the grains may vary depending on agro-
nomic management, applied inputs, and related pro-
duction methods. The milling outputs of white rice
milling recovery (%) and by-product (%) of medium
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paddy grain size for Engelberg-type milling machines
(mainly N70, N90, and NX110 models) on the me-
dium grain sizes revealed that they were significantly
lower than the optimum values at 1% significance lev-
els for the NX110 and N90 models, respectively, as
shown in Table 8. The mechanism of Engelberg-type

rice milling machines is of very low capacity, as the
husk and bran are not adequately separated from the
polished white rice. Consequently, this rough process
leads to some breakage, especially for medium and
long grain sizes [18].

Table 8. White Rice Milling Recovery (%) and By-product (%) of Medium paddy grain size for Engelberg-type milling

machines

Model White Rice Milling Recovery By-product (Husk and bran) %

Mean T-value SD N Min Max Mean T-value SD N Min Max

and Sgn. and Sgn.

N70 64.0 (3.79) -1.32 6.56 3 57.0 70.0 36.0(3.79) 1.32 6.56 3 30.0 43.0
N90 65.92 (0.82) -3.71%%* 2.99 13 59.0 70.0 33.69 (1.02) 2.65* 3.67 13 28.0 41.0
NX110 63.40 (1.44) -3.90* 3.20 5 60.0 67.0 36.60 (1.44) 3.90* 3.56 5 33.0 40.0
NPEF-90
NPE-110 -- -- - -- -- -- -- -- -- --
Overall 65.05 (0.79) -5.01** 3.62 21 57.0 70.0 34.71(0.88) 4.22%* 4.03 21 28.0 43.0

Survey results: 2024. In (bracket) is the standard error, *5%, **1% probability of significance

The milling output comprised of White Rice Mill-
ing Recovery (%) and By-product (%) of the Long
paddy grain size for Engelberg type milling machines
showed that significantly lower than the optimum
value recommended by the standards at 1% signifi

cance level for NX110, N90, and NPF110 ma-
chines models, but NPF-90 is significant at 5% signif-
icant level while the N70 has not shown a significant
as shown in Table 9. The common varieties that are
common in the study area are Fogera-1 and Nerica-4
with slender shapes [17].

Table 9. White Rice Milling Recovery (%) and By-product (%) of Long paddy grain size for Engelberg-type milling ma-

chines

Model White Rice Milling Recovery By-product (Husk and bran) %

Mean T-value SD N Min Max Mean T-value SD N Min Max

and Sgn. and Sgn.

N70 60.0 (2.89) -3.12 5.0 3 55.0 65.0 40.0 (2.89) 3.12 5.0 3 35.0 45.0
N90 65.26 (0.71) -5.23%* 4.7 47 50.0 77.5 34.21 (0.61) 5.25%* 4.2 47 22.5 47.0
NX110 63.58 (1.18) -4.57** 5.80 24 50.0 73.0 36.33 (1.11) 4.79%* 5.45 24 27.0 50.0
NPEF-90 64.20 (1.50) -3.19* 4.76 10 60.0 78.0 34.80 (1.69) 2.25 5.35 10 22.00 40.0
NPF-110 63.58 (1.18) -4.57%* 5.80 5 50.0 73.0 31.80(1.71) 4.79%* 5.45 5 27.0 50.0
Overall 64.68(0.55) -7.86%* 5.18 89 50.0 77.5 34.91(0.51) 7.63** 4.84 89 22.0 50.0

Survey results: 2024. In (bracket) is the standard error, *5%, **1% probability of significance

The SB series machine is a compact rice mill with
a 2-stage dehusking process using rubber rollers. It
separates husks through aspiration and polishes bran,
feeding rough rice to flexible rubber rolls, which di-
vide husked material into brown rice, unhusked
whole grains, and rice husk [14]. The survey found
that 95% of rice processors believe SB series machines
aren't used for whitening or polishing brown rice,
suggesting the need for formal training and demon-
stration to enhance rice processing and value addition
[11]. As shown in Table 10, the brown rice milling
recovery (%) and by-product (%) of short paddy grain
size for SB series milling machines do not show a sig-
nificant difference with the optimum recovery com-
posed of roughly 20% rice hull or husk and 80%

brown rice milling recovery (starchy endosperm),
also referred to as the total milled rice [16]. The grain
sizes of short, medium, and long resulted in a de-
crease in the brown rice milling recovery (%) and by-
product (%) regardless of grain sizes for the SB series
milling machines (Table 10). Research reports re-
vealed that the low recovery percentage of milled rice,
which is reported to be 75 percent for de-husked rice
(brown rice) and 65 percent for milled rice (white
rice), is related to the quality and efficiency of the ma-
chinery, the inadequacy of the skill of machine oper-
ators, and deliberate action by processors in gaining
price advantage and poor quality of paddy rice sup-
plied by farmers [6].
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Table 10. Brown Rice Milling Recovery (%) and By-product (%) of Short, Medium, and long paddy grain size, respec-
tively, for SB series milling machines

Model Brown Rice Recovery (%) Percentage of Husk (%)

Mean T-value SD N Min Max Mean T-value SD N Min Max

and Sgn. and Sgn.
Short grain sizes
SB10 81.50 (1.32) 1.13 2.65 4 79.0 85.0 18.50 (1.32) -1.13 2.65 4 15.0 21.0
SB30 79.64(1.38) -0.26 3.66 7 72.50 85.0 19.64 (0.85) -0.42 225 7 15.0 22.5
SB50 80.19 (0.44) 0.43 1.60 13 77.50 85.0 19.85 (0.46) -0.33 1.68 13 15.0 23.0
Overall 80.25 (0.51) 0.49 248 24 72.50 85.0 19.56 (0.41) -1.08 1.99 24 15.0 23.0
(short)
Medium grain sizes
SB10 78.00(0.58) -3.46 1.0 3 77.0 79.0 22.0(0.58) 3.46 1.0 3 1.0 23.0
SB30 79.64(1.38) -0.26 3.66 7 72.5 5.0 19.64 (0.85) -0.42 224 7 15.0 22,5
SB50 78.00(2.00) -1.0 2.83 3 76.0 80.0 27.0(7.0) 1.0 2.58 2 20.0 34.0
Overall 78.75(0.50) -2.45* 1.76 12 76.0 82.0 22.08(1.17) 1.78 4.06 12 18.0 34.0
(Medium)
Long grain sizes

SB10 80.00(2.89) 0.001 5.01 3 75.0 85.0 20.0(2.88) -0.001 5.0 3 15.0 25.0
SB30 77.43(1.04) -2.46* 2.76 7 72.5 85.0 22.57(1.04) 2.46* 2.76 7 19.0 25.0
SB50 78.30(0.93) -1.82 3.35 13 72.0 85.0 21.69(0.93) 1.82 3.35 13 15.0 28.0
Overall 80.26(2.48) 0.49 3.33 23 72.0 85.0 21.74(0.70) 2.50 3.33 23 15.0 28.0
(Long)

Survey results: 2024). In (bracket) is the standard error, *5%, **1% probability of significance

3.6. Access to maintenance and repair of machines

The study reveals that the maintenance and repair of
rice milling machines in the study area pose a signifi-
cant challenge to the rice milling business, with the
cost of repair and maintenance directly linked to the
service years, with the mean service years exceeding 8
years, as shown in Table 11. The rice milling ma-
chines N90 (34), NX110 (16), and N70 (16) are iden-
tified as the models with the longest service years in
the study area. Regarding the types of machines, the
mean service years of one-stage type, two-stage type,
and multipurpose are 10.04, 5.26, and 2.25 years, re-
spectively.

This indicates that Engelberg machines are the
oldest introduced models in the study area, according
to numerous research reports. The quality and effi-
ciency of machinery are linked to the unavailability of
standard milling machines, reducing rice breakage
and the use of old and inefficient machines [7, 15].
The survey report revealed that 77.78% of the proces-
sors used one-stage or Engelberg-type machines,
which aligns with the reports that most rice proces-
sors use old, poorly maintained machines imported
from China, with limited ownership of other neces-
sary facilities for producing quality rice [7].

Table 11. Service years with models and types of milling machines in the Fogera plain

Machine types Model Mean N Std. Dev. Minimum Maximum Std. Error
N90 7.91 52 6.54 1 34 1.57
N70 11.67 3 5.86 5 16 3.38
NX110 7.48 30 7.48 1 16 1.34
One-stage type NPF-90 6.50 3 3.80 1 13 1.97
NPF-110 6.67 3 2.79 1 14 3.27
Overall one stage 10.04 91 8.29 1 34 3.71
S$B-10D 342 3.63 1 7 242
Two-stage type S$B-30D 5.20 1.30 3 6 0.58
S$B-50D 7.16 15 6.41 1 23 2.31
Overall two-stage type 5.26 24 3.78 1 23 1.77
Multipurpose 2.25 2 2.47 0.5 4 1.75
Overall service years 7.58 117 6.14 0.50 34.00 2.84

Survey data: 2024

A qualitative analysis was conducted on 129 rice
milling machines to determine the maintenance fre-
quency rates of processors using a five-point Likert
scale, ranging from daily to yearly. The scale was as-
signed values of 1 to 5, respectively. The assessment

revealed that a 5-point Likert scale from 5 - 'Yearly' to
1 - 'Daily' is used in ascending order of rank for the
‘Visual check, ‘Cleaning’, ‘Dismounting’, and ‘Over-
haul’ of their rice milling machines. It was revealed
that Weekly, Weekly, Seasonally, and Seasonally were
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the respective frequencies for these maintenance ac-
tivities as shown in Table 12. However, research re-
ports indicate that about 87% of rice-processing ma-
chines used are old and inefficient, leading to poor
service and low-quality processed grain. Additionally,

the inadequacy of machine operators' skills, often
owners themselves, and the lack of formal training
also contribute to poor-quality processing and ma-
chine maintenance [6, 15].

Table 12. A 5-point Likert scale from 5 - 'Yearly' to 1 - 'Daily’ on the maintenance of machines

Visual check Cleaning Dismounting Overhaul
Score 2.15 2.53 3.50 3.74
Decision Weekly Weekly Seasonally Seasonally
% 26.40% 25.74% 23.76% 24.09%
N 80 78 72 73
Mean 2.15 2.43 3.50 3.37
Sd 1.424 1.284 1.035 1.600

Survey data: 2024

The assessment revealed that all the power sources
for milling machines are electricity from the public
supply, and the company staff (mechanics/other staff)
regularly check the working conditions of the ma-
chines. The frequency of the processors, company
staff, or mechanics checking the machine is every day,
weekly, and monthly, with 37.0%, 38.3%, and 11.1%,
respectively. The remaining individuals check their
machines more than once a month (7.4%), when they
fail and make unusual sounds (2.5%), and when they
depend on the manual (1.2%), respectively. The sam-
ple rice processors indicated that the highest average

number of breakdown incidents occurred in 2023,
with the N70 model experiencing approximately 11
breakdowns, while the N90 and NX110 models each
recorded about 7 breakdowns. The relatively new
models in the Engelberg types of milling machines are
the NPF-90 and NPF-110 models, with the least num-
ber of breakdowns, only four and two times respec-
tively. The SB series models of the rice milling ma-
chines incurred a maximum average number of
breakages than the other types of milling machines,
while the SB-50D, SB-30, and SB-10 models were bro-
ken approximately 14, 9, and 4 times, respectively, as
shown in Table 13.

Table 13. The number of breakdown incidents and models of milling machines in 2023

Model of a machine Mean N Std. Maximum Minimum

N90 6.92 53 547 30 1
N70 10.34 4 5.13 15 5
NX110 6.84 31 7.16 24 0
NPE-90 4.00 9 2.78 10 1
NPF-110 1.50 4 1.00 3 1

Overall Engelberg type 5.92 101 242 30.00 0.00
SB-50D 13.24 15 17.14 60 1
S$B-30D 8.83 6 9.26 25 2
S$B-10D 3.67 4 3.21 7 1

Overall SB series type 8.58 25 6.98 60.00 1.00
Multilevel type 2.00 2 2.83 4 0

All machine types 6.37 128 4.88 60.00 0.00

Survey data: 2024

Besides, the rate of staff checking the milling ma-
chine for maintenance and the availability of spare
parts for the milling machine in nearby locations are
the two basic variables and questions raised for the
sample rice processors in the study area. These were
analyzed using a 5-point Likert scale, with 5 repre-
senting 'don't know', 4 representing 'once in more
than one month', 3 representing 'monthly’, 2 repre-
senting 'weekly', and 1 representing 'every day' for the

level of frequency of staff to check the milling ma-
chine for maintenance. Similarly, for the availability
of spare parts, the scale ranged from 5 ('don't know')
to 1 (‘always') in the rice mill business. As shown in
Table 14, the average rate of staff to check the milling
machine for maintenance was ‘weekly' for 38.69% of
respondents. On the other hand, the availability of
spare parts for the milling machine in nearby loca-
tions was scored as 'sometimes' by 42.97% of the re-
spondents (Table 14).
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Table 14. The rate of staff to check the milling machine for maintenance, and the availability of spare parts for the mill-
ing machine in nearby locations

The rate of staff to check the milling machine for

The availability of spare parts for the milling machine in

maintenance nearby locations
Score 2.11 2.99
Decision Weekly Sometimes
% 38.69 42.97%
N 53 55
Mean 2.17 2.51
Sd 0.93 0.79

Survey data: 2024

Milling machine components consist primarily of
an electric motor and the milling machine itself. As-
sessment reports indicate that milling machine parts
experience breakdowns far more frequently than the
electric motor (97.5%). In 2023, common replace-
ment parts for Engelberg milling machines included
suction fan/blower components (impeller, washers,
bearing, fan belt), milling chamber components
(milling sieve screen, straight ribs/rod, connecting
parts/belts, bearing, husker drum sieve/screen, drum
sieve, milling shaft, milling roller, screwed iron
roller), and related accessories (inner frame, bolts,

and nuts), as detailed in Table 15. Bearings are an-
other frequently failing component, particularly in
two-stage or SB Series machines (Table 15). A critical
challenge is the unavailability of genuine spare parts
for these high-failure components in Wereta and Ba-
hir Dar. Machine dealers often import low-quality
spare parts, leading to frequent breakdowns, espe-
cially during peak milling season. Respondents re-
ported importing machines and parts from China and
attributed the problem to spare part suppliers. Con-
sequently, millers sometimes opt to use spare parts
from older machines, perceiving them as higher qual-
ity than the new replacements.

Table 15. The most frequently breaking machine parts in 2023

Machine Model of a milling N Percentage of  Parts with the most frequent breakage in 2023
types machine response
N90 56 39.72 Milling and blower fan chamber components (drums, rollers, screw rollers,
bearings, and blower fan)
One-stage  N70 4 2.84 Milling chamber components (drum, sieve, screen bearings)
type NX110 34 Milling and blower fan chamber components (drums, rollers, screw rollers,
24.11 bearings, and blower fan)
NPF-110 4 2.84 Bearings
NPF-90 12 8.51 Polisher drums, bearings
Two stage  SB-10D 4 2.84 Bearings and husker drum
type SB-30D 7 4.96 Bearings and husker drum
SB-50D 18 12.77 Bearings and husker drum
Multilevel 2 1.42 Husker drums and bearings

Survey data: 2024

Some machine parts are also worn-out parts and
need replacement based on a specific time recom-
mended by the manufacturer, or depending on the
load of the milling operation, as well as the service life
of the parts. The survey revealed that 40% of the rice
millers believed that the polisher drum, polisher sieve
screen, and belt are the most worn-out parts for N90O
models of milling machines within 2023, while the
other 24.29% think that the polisher drum, bolts,

hinges, fittings, and shafts for NX110, as shown in Ta-
ble 16. On the other hand, Husker and polisher drums
and bearings are worn-out parts for the two-stage
type or SB Series machines, as shown in Table 16.
Generally, the rice millers revealed that the husker
drum and polisher drum parts are the most worn-out
parts for the Engelberg and SB Series machine types,
respectively.
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Table 16. The most worn-out parts and models of milling machines in 2023

Machine types Model N Response (%) Parts with most worn out in 2023
N90 56 40.00 Polisher drum, Screen, and belt
N70 4 2.86 Polisher drum, bolts, and sieve
One-stage type
NX110 34 24.29 Polisher drum, bolts, sieve, and shafts
NPF-110 4 2.86 Polisher drum
NPF-90 11 7.86 Polisher drum and shafts
Two-stage type SB-10D 4 2.86 Husker and Polisher Drums
SB-30D 7 5.00 Husker Drums and Bearing
S$B-50D 18 12.86 Husker Drums and Bearing
Multilevel 2 1.43 Bearing

Survey data: 2024

In rice milling, machine maintenance and repair
are primarily handled by in-house staff (65.0%), as in-
dicated by a survey of 109 rice mills (Fig. 7). Local me-
chanics from machine dealers (8.55%) and individual

Mechanics from dealers

Both the staffs and local garage
Local garage

Individual mechanics/electricians
The staffs and operators

mechanics/electricians (5.47%) are also utilized. Crit-
ically, none of these maintenance personnel receive
specialized training; their expertise is based solely on
experience.

0,0 5,010,015,020,025,030,035,040,045,050,055,060,065,070,0

Fig. 7. Repairs of the Milling Machine in percent (%)

Although genuine spare parts for rice milling ma-
chines are more expensive, only 68.66% of users can
easily find them (survey of 109 machines). Figure 8
shows the percentage of users who have difficulty

All are difficult to get

Available but costy and low quality

Blower fan

Transmission parts (Shafts, belt and pulley)

Husker Drums

0,0 5,0

finding specific spare parts. These parts are crucial for
the mill's operation, and their scarcity can lead to ex-
tended downtime and reduced milling efficiency.

10,0 150 20,0 250 30,0 350 40,0

Fig. 8. Difficult spare parts to get for the rice machine in percent (%)

Millers often opt for cheaper alternatives from lo-
cal auto shops (50.6%) and online retailers (25.9%),
struggling to differentiate genuine parts and prioritiz-
ing price. This drives dealers to import both machines
and non-genuine spares. Consequently, limited local
availability of key parts, especially for Engelberg ma-
chines (drums at 33.1% and bearings at 29.51%),
causes shutdowns. Husker drum scarcity also affects
13.93% of 122 SB series and multilevel machines sur-
veyed. Fogera Plain millers struggle with inaccessible

blower fans and milling chamber components, forc-
ing them to rely on distant suppliers in Bahir Dar and
Addis Ababa for potentially substandard or used
parts. The survey highlights the urgent need for read-
ily available, genuine spare parts to maintain smooth
operations and minimize disruptions in rice milling.
An assessment of 129 processing machines indicated
that spare parts are most readily available in the dis-
tricts, zones, and regions of Bahir Dar (37.98%) and
Addis Ababa (10.85%), with other sources in zones
(18.6%) and regions (31.01%). Specifically, Wereta,
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Hamusit, and Yifag towns in the Fogera plain are the
closest sources. While spare parts are also found in
towns within the South Gondar zone and Bahir Dar,
some are difficult to obtain, leading millers to contact
dealers in Addis Ababa and manufacturers abroad. A
five-point Likert scale assessment of spare part avail-
ability (1 = always, 5 = don't know) showed that parts
are sometimes available (42.97%), often available
(25.58%), and always available (21.71%), as shown in
Figure 9.

Addis Ababa  m—
Within Region/Bahir Dar s
Within Zone msm—
Within Woreda s

0 5 10 1520 25 30 35 40

Fig. 9. The nearest location finds the spare parts in
percent (%) for the milling machine.

Genuine spare parts are essential for maintaining
imported rice milling machines. However, rice mil-
lers in Ethiopia, including those in the Fogera plain,
struggle to acquire them. When spare parts are una-
vailable locally, millers resort to various solutions. A
survey of 129 machines (Figure 10) revealed that
32.56% of processors modify existing parts, while

27.91% search other shops, and 26.36% place orders
at the initial shop.

Reused from old machine
Stop working

Replace the machine

Modify available parts

Go to other shops until find
Place an order on the internet
Place an order at the first shop

0,0 5,0 10,015,020,025,030,035,0

Fig. 10. Decision of millers when they cannot find the
spare parts in the nearest location (%)

Rice processors' perceptions of machinery mainte-
nance were assessed using a 5-point Likert scale (1 =
easy, 5 = difficult). Key factors influencing processing
quality were machine durability, spare part availabil-
ity and price, and operator skills. Results (Table 17)
showed processors rated machine durability and op-
erator skills as neutral, spare part availability as
slightly difficult, and spare part price as difficult. The
absence of formal operator training, often for owners
themselves, contributes to poor processing quality,
aligning with Assaye and Alemu [7]. This skill deficit
results in inefficiencies and safety hazards, highlight-
ing the importance of enhanced training and certifi-
cation programs.

Table 17. A 5-point Likert scale from 5 - 'Easy’ to 1 - 'Difficult’ is used to assess the difficulty of maintaining the milling

machinery.
Durability of the ma- Availability of spare parts Price of spare parts Technical skills of
chine operators
Score 3.38 4.00 4.22 2.69
Decision Neutral A little difficult Difficult Neutral
% 25.25% 24.92% 26.25% 23.59%
N 76 75 79 71
Mean 3.38 3.95 4.22 2.62
Sd 1.233 1.346 0.887 1.308

Survey data: 2024

3.7. Analysis of cost and labour use in rice pro-
cessing

3.7.1. Analysis of rice processing costs

Rice milling offers big employment opportunities.
Commercial millers in the study area purchase and
process paddy, whereas custom millers provide hull-
ing and polishing services for a fee [19]. Survey results
indicate that 30.86% of individuals engage solely in
commercial milling, 4.94% in custom milling, and

61.73% in both. The study examined rice milling
costs, including fixed and variable expenses like
power, labour, workspace, machinery, operating
costs, and taxes. Average monthly power consump-
tion and annual tax payments were 10,518.50 ETB
and 37,666.67 ETB, respectively (Table 18). The sur-
vey revealed that multilevel machine owners experi-
enced operational challenges due to high electricity
consumption and limited space, aligning with find-

ings by [7].
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Table 18. Rice milling experience, monthly power use, and annual tax payment of rice millers

Mean N Std. Error of Mean Std. Deviation Minimum Maximum
Experience in Rice 8.63 81 1.77 5.30 1 26
milling in years
Monthly power con- 10518.50 42 1441.66 8649.97 3000.00 50000.00
sumption in ETB
Annual tax in ETB 37666.67 32 14678.03 25423.09 10000.00 60000.00

Survey data: 2024

In 2023, the assessment of rice millers showed that the
maximum mean annual costs for repair, mainte-
nance, and spare parts were 27,900.44 ETB for one-
stage (Engelberg type) machines, 43,997.22 ETB for
two-stage (SB series) machines, and 50,000.00 ETB
for multistage machines (Table 19). Older models
(N90 and N70) of the one-stage type incurred costs of
33,150.30 and 27,500.00 ETB per year, respectively,
while two-stage models (SB-30D and SB-50D) cost
55,500.00 and 44,575.00 ETB, respectively (Table 19).

Newer two-stage and multistage machines had higher
repair and maintenance costs (Table 19). Mainte-
nance and repair are typically performed by dealers in
Bahir Dar and Addis Ababa due to a lack of special-
ized local manpower. This aligns with reports of in-
adequate skills among machine operators due to a
lack of formal training, which can lead to poor-qual-
ity grain processing [7].

Table 19. The total cost of the repair, maintenance, and spare parts of the milling machine for 2023

Machine types Model Mean N Std. Dev Minimum Maximum
N90 33,150.30 50.00 34,342.69 2,000.00 150,000.00
N70 27,500.00 4.00 5,000.00 20,000.00 30,000.00
One-stage type NX110 31,247.73 31.00 24,784.28 5,000.00 100,000.00
NPF-110 21,666.67 3.00 20,207.26 0.00 40,000.00
NPF-90 25,937.50 9.00 13,611.31 10,000.00 50,000.00
Overall one stage 27,900.44 97.00 11,108.74 0.00 150,000.00
S$B-10D 31,916.67 4.00 15,069.28 20,000.00 50,000.00
S$B-30D 55,500.00 6.00 62,892.77 3,000.00 150,000.00
Two-stage type S$B-50D 44,575.00 14.00 32,134.83 700.00 100,000.00
Overall two-stage type 43,997.22 24.00 24,236.23 700.00 150,000.00
Multilevel 50,000.00 2.00 3,535.53 45,000.00 50,000.00
Overall repair cost 35,762.87 123.00 16,757.09 0.00 150,000.00

Survey data: 2024

Pre-milling costs—including drying, weighing,
packaging, transportation, and loading/unloading of
paddy—averaged 31.85 ETB per quintal, while post-
milling rice loading and unloading labor costs were
17.50 ETB per quintal. Processors incurred monthly
labor costs for paddy dehulling (3,545.07 ETB per
quintal) and polishing (32.40 ETB per quintal) (Table
20). Transportation from sellers to buyers was not
borne by processors. Custom millers in the study area

provide rice and flour milling services, offering free
dehusking with paddy purchases while charging for
flouring at rates of 3.7% and 22.2%, respectively. Ser-
vice fees for paddy dehulling, polishing, and com-
bined dehulling and polishing were 1.48, 1.27, and
1.55 ETB per kilogram, respectively (Table 20). These
negotiated pricing arrangements enable processors to
maximize profits from milling by-products, which are
processed into rice flour and sold [7].

Table 20. Cost for different rice milling operations

Costs of operation Mean N  Std. Error of Mean Std. Deviation Minimum Maximum
Paddy dehulling and polishing 3545.07 71 93.44 787.36 1500.0 5500.0

per month

Paddy dehulling and polishing 32.40 68 226 17.91 5.0 100.0

per quintal

Pre-milling ETB per quintal 31.85 68  1.69 13.97 10.0 80.0
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Costs of operation Mean N  Std. Error of Mean Std. Deviation Minimum Maximum
Rice load/unload ETB per quin-  17.50 6 1.12 2.74 15.0 20.0
tal

Survey data: 2024

3.7.2. Labour use in rice processing second and third most labour-intensive, respectively.
Unlike other farm operations, rice milling lacks con-
Table 21 indicates the average daily working hours for ~ sistent labour trends. Operators rely on experience ra-
paddy collection (8.49), drying (9.1), dehulling/pol-  ther than specialized training, corroborating research
ishing (10), and loading/unloading (2.50), excluding  [15] that 52% of processors cite a lack of skilled labour
weekends, religious holidays, and the quantity of as a key challenge to business sustainability and ex-
paddy processed. Dehulling and polishing require the  pansion.
most labour. Paddy collection and drying are the

Table 21. Typical working hours per day for different rice milling operations

Rice milling operation Mean N  Std.Error Std. Dev. Mini- Maxi-
mum mum
Paddy collection 849 53 0.37 2.70 3 20
Paddy drying 9.1 49 0.40 2.81 1 20
Paddy dehulling and polishing 10 5 0.63 1.41 8 12
Paddy loading/unloading 2.50 2 1.50 2.12 1.0 4.0

Survey data: 2024

Table 22 presents the daily labour needs for paddy =~ Family members comprised a substantial portion
milling, based on operator wage agreements. Labour  (61.5%) of the operators.
requirements correlate with the number of milling
machines, averaging two per processor in the survey.

Table 22. Number of labourers per day for different rice milling operations

Rice milling operation Mean N  Std.Error. Std.Dev. Minimum Maximum
Paddy collection 1.61 33 0.15 0.83 1 5
Paddy drying 1.71 34 0.17 0.97 1 5
Paddy dehulling and polishing 2.27 75 0.13 1.10 1 7
Packaging 1.5 2 0.5 0.71 1 2

Survey data: 2024

Table 23 presents a breakdown of each activity in-  employs two operators who use an average of two ma-
volved in the rice processing operation, which re-  chines, as discussed in section 3.4 and illustrated in
quires a total of 55.68 labor days. This task typically — Figure 3.

Table 23. Total labour-days used by the rice processing operation (labour-days)

Rice milling operation Mean N  Std.Error Std.Dev. Minimum Maximum
Paddy collection 137 33 0.06 2.24 3.00 100.0
Paddy drying 156 34 0.07 2.73 1.00 100.0
Paddy dehulling and polishing 227 75 0.08 1.55 8.00 84.0
Paddy loading, unloading, and packaging 3.8 2 0.75 1.51 1.00 8.0

Survey data: 2024

3.8. Marketing and Modality of the Rice Processing  88.01% of paddy is sourced locally, 2.67% from out-

side the districts, and the rest from both local and ex-
Rice millers mainly obtain paddy from the Fogera ternal sources. Millers also acquire paddy from new
plain's rice-producing districts (Fogera, rice-growing areas near the Fogera plain, indicating
Libokemkem, and Dera). According to Table 24, the growth of rice farming.
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Table 24. Paddy sourcing for the rice processor in 2023

Paddy Sourcing in 2023 per quintal Mean N  Std.Error  Std. Dev. Mini- Maxi-
mum mum

Within district 2905.62 74 600.73 5167.69 100.00 35000.00

Outside districts 88.11 53 49.36 359.36 0.00 1850.00

Total Paddy collected 3301.92 -- 5970.72 827.99 100.00 35000.00

Survey data: 2024

Milling companies primarily obtain paddy from
farmers, with middlemen and millers negotiating col-
lection prices. Although rice processors often offer a
flat price regardless of quality, increased mobile
phone access has improved farmers' negotiation lev-
erage [6]. Individual farmers (17.74%) and middle-
men (6.45%) are direct sources for rice millers, but
most paddy comes from a combination of both
(74.19%). Some millers also supply paddy to others,
likely due to capacity constraints or overstock. Over-
all, farmers supply 55.62% of paddy to millers, while
middlemen supply 42.38% (Table 25). Middlemen
collect paddy from farmers and local markets before
supplying it to millers. Poor rural road infrastructure,
market isolation, and limited vehicle access increase
transport costs, hindering farmers' commercializa-
tion [20]. While traditional transport methods per-
sist, Bajaj vehicles are increasingly used in inaccessi-
ble areas [21].

Improved roads would improve access to urban
markets and prices, stimulating new businesses
[6]. Sellers handle most of the transportation

(91.04%), with rice mills (1.49%) and buyers (7.46%)
handling little. Animal carts (62%), trailers/Bajaj
(18%), and donkey carts (10%) are the main transport
methods from sellers to mills or middlemen. In the
Fogera Plain, farmers typically sell to local processors
[6] who assess paddy quality based on indigenous
knowledge, considering variety, moisture, foreign
matter, market price, smell, and rice crop index. Low
prices often result from undesirable varieties, high
moisture, immature paddy, and contamination. Pro-
cessors attribute poor rice quality to farmers' drying
practices for teff and wheat. Overall, Ethiopian rice
quality suffers from broken grains and ineffective
cleaning due to inadequate agricultural practices,
poor-quality seeds, and supply chain weaknesses [22].
Late harvesting and prolonged field storage can raise
moisture content above the optimal 15% [6], and for-
eign matter further degrades the product. Processors,
therefore, meticulously evaluate paddy quality before
purchase, using the criteria in Table 25.

Table 25. Factors for business deals of rice millers during paddy marketing

Factors for business deals of millers

Frequency (n = 81) Percentage (%)

Variety, moisture, foreign matter, and market price 5 6.17
Variety, moisture, and market price 6 7.41
Moisture, foreign, and smell 1 1.23
Variety, moisture, foreign matter, market price, and paddy price 5 6.17
Variety, foreign matter, smell, market price, Rice crop index, and 8 9.88
paddy price purchased
All the above deals 48 59.26
Survey data (2024)

In Ethiopia, milled rice sales are heavily influenced
by producers' dependence on processors, who act as
both millers and traders. A lack of price differentia-
tion for high-quality rice, due to similar pricing for
broken rice, further shapes the market [6]. Processors
often sell rice directly or via brokers to wholesalers
and retailers in major markets such as Addis Ababa
and Mekele. Prices are mainly determined through
spot negotiations (91.4%), with processor judgment
and market forces having less influence. Rice pro-
cessing is essential for providing quality domestic rice
and increasing its value. The growth of rice pro-
cessing in Fogera Plain towns like Wereta has
strengthened rural-urban links and driven agrarian

change, fostering production, market development,
employment, and investment [7]. Ethiopian rice pro-
cessors are central to the sector, acting as service pro-
viders, buyers, and sellers. A 2013 study reported av-
erage processor revenues of 12,873,358.9 ETB, with
milled rice at 57.7 ETB /kg and byproducts at 3.05
ETB /kg (Table 26). While the byproduct cost aligns
with previous research [7], the milled rice cost seems
high. Most processors operate on a small scale due to
limitations in machinery and capital, emphasizing the
need for efficient small to medium-scale milling sys-
tems and quality improvements to maintain compet-
itiveness.
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Table 26. Annual income and gross sales of rice processors in the rice milling system in 2023

Variables Mean N Std. Error Std. Dev. Minimum Maximum
Total sale (ETB /year) 12,873,358.9 70 3,130,259.1  26,189,626.5 35,000.0 180,460,000.0
Milled rice (ETB /year ) 11,519,527.8 72 2,811,168.7  23,853,557.1 30,000.0 178,500,000.0
Byproduct (ETB /year ) 221,321.7 70 53,893.2 450,903.2 - 3,000,000.0
Cost of milled rice (kg/ 57.7 72 0.8 6.8 40.0 75.0
ETB)

Cost of byproduct (kg/ ETB) 3.05 66 0.17 1.39 2.00 10.00
Milled rice (Qui/year) 2,301.9 67 484.7 3,967.0 60.0 23,800.0
Byproduct (Qui/year) 885.6 65 198.6 1601.1 30.0 9800.0

Survey data (2024)

Abebe [23] identified three categories of Ethiopian
rice consumers: those preferring high-quality (e.g.,
packed, long-grain, aromatic) rice; those preferring
both imported and local rice; and those favouring lo-
cal rice, especially for Injera flour. The latter group,
including rural communities, constitutes the largest
segment of the local rice market. Hence, all wholesal-
ers, retailers, middlemen, and consumers are buyers
of milled rice. The survey revealed the percentage of
customers or buyers of milled rice as follows: millers
sell to wholesalers (59.65%), retailers (23.59%), mid-
dlemen (12.67%), and consumers (4.09%). Notably,
there were no recorded exports of domestic milled
rice. However, the quality of domestic milled rice is
very low, as the quality of processed rice does not pro-
vide price incentives. This is because broken rice is
also priced more or less equally to the higher quality,
de-husked rice [6, 7, 15].

Millers consider milling and paddy trading as their
most profitable businesses (42.2% and 55.6%, respec-

tively), aligning with rice processors primarily offer-
ing de-husking and bran cleaning, with some rice-
grain-milling services. Processors also act as buyers
and traders, with fees often based on farmer-proces-
sor relationships [6]. Milling and paddy supply are
also considered the riskiest businesses, yet processors
aim to expand them without altering other business
plans. Workload assessments over the past five years
(2019-2023) reveal monthly variations in milling ser-
vice demand (Figure 11, Table 27), measured by rat-
ings from "no paddy to mill" to "peak.” Figure 11,
indicates the following rating ranges: "no paddy to
mill" (1.81-2.6), "not so busy" (2.61-3.4), "busy” (3.41-
4.2), and "peak" (4.21-5.0). Paddy supply is available
year-round, but workload fluctuates monthly from
"not so busy" (1.8-2.6) to "peak" (4.2-5.0) (Figure 11,
Table 27), mirroring cropping patterns. Grass peas
are harvested around late January, and farmers with
irrigation access plant vegetables like onions and to-
matoes in February.

Table 27. A 5-point Likert scale from 5 - 'don’t know' to 1 - 'Peak’ for the level of the workload of millers' milling ser-
vices in a month, based on the last five years (2019-2023)

Janu- Febru- March April  May June July Au- Septem- Octo- Novem-  Decem-
ary ary gust ber ber ber ber
Decision ~ Peak Peak Busy Busy Notso Not Notso Notso Not so Not so Peak Peak
busy ) busy busy busy busy
busy
Score 4.96 4.49 3.88 3.49 3.17 2.96 2.79 2.64 2.72 3.21 4.27 4.83
% 96.3 53.09 67.9 50.6 60.1 61.7 59.3 60.05 64.2 50.06 43.20 87.7
N 78 43 55 41 49 50 48 49 52 41 35 71
Mean 1.04 1.49 2.12 2.48 2.80 3.01 3.21 3.36 3.26 2.78 1.78 1.17
SD 0.190 551 0.56 0.55 0.66 0.73 0.67 0.56 0.54 0.75 0.84 0.52
Survey data (2024)
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Peak workload for rice processes occurs from No-
vember to February, encompassing 75% of the total.
March and April also experience significant activity,
while other months are less busy (Figure 11). Milling
service customers are primarily individual farmers
(55.6%), wholesalers (37.0%), and local traders

Peak

Busy

Not so busy

No paddy to mill

Not decided

_
&

=

(33.3%). Customers support the value chain, allowing
farmers to invest in off-season crops by selling paddy
during peak months. Wholesalers and traders then
store and distribute this paddy, maximizing profits in
later months.
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Fig. 11. Level of workload of milling services (%) in percent per month based on the miller's own experience in the last
five years (2019-2023)

3.9. Challenges in the rice processing business

Rice millers face challenges like unorganized compe-
tition, market volatility, unfair trade practices, capital
scarcity, and development taxes, all impacting milling

quality. A 5-point Likert scale (1 = Easy to 5 = Diffi-
cult) assessed these challenges. Individual percep-
tions rated competition as neutral, while market fluc-
tuations, unfair trade, capital, and taxes were
perceived as slightly difficult (Table 28).

Table 28. A 5-point Likert scale from 5 - Difficult' to 1 - 'Easy’ for the level of difficulties in the milling business

Many Compotators Fluctuation of the Lack of fair trade lack of capital Tax
market
Score 3.40 3.89 3.45 4.14 3.43
Deci- Neutral A little Difficult A little Difficult Alittle Difficult A little Difficult
sion
N 77 71 71 74 56
% 26.28% 24.23% 24.23% 25.26% 19.11%
Mean 3.40 3.89 3.72 4.14 3.47
SD 1.259 0.785 0.934 1.025 1.142
Survey data (2024)

A marketing strategy is a fundamental component
of the rice processing business. Assessments revealed
that 80.2% of businesses have a marketing strategy,
while the remainder rely on other millers' initiatives.
A 5-point Likert scale (1 = "No attention" to 5 = "very
much attention") was used to analyze the attention

given to key marketing strategies: quality, price, ad-
vertisement, market survey, stock, satisfaction, and
client expansion (Table 29). Increased processors in
the Fogera Plain signal rising competition and poten-
tially lower processing fees. Rice processors should
invest in larger, more efficient machines to meet de-
mand and capitalize on economies of scale [6, 7, 15].

Table 29. A 5-point Likert scale from 5 - 'very much attention' to 1 - 'No attention' for marketing strategy in the rice
milling business

Challenge Better Competitive Advertise- Market sur- Sufficient  Client satisfac-  Expand the number of
quality price ment vey stock tion clients
Score 393 3.40 2.73 3.27 3.16 3.29 3.04
Decision Much At- So so Attention So so Atten- So so Atten- So so At- So so Attention So so Attention
tention tion tion tention
% 16.98 19.25 13.72 14.65 11.70 13.02 11.63
N 73 72 59 63 57 56 50
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Challenge Better Competitive Advertise- Market sur- Sufficient  Client satisfac-  Expand the number of
quality price ment vey stock tion clients
SD 1.05 1.134 1.157 1.125 1.29 3.23 3.06
Mean 3.93 3.40 2.73 3.27 3.12 1.25 1.14
Survey data (2024)

A recent assessment revealed that 11.11% of re-
spondents were dissatisfied with the milling facility's
performance, citing outdated equipment, incon-
sistent rice quality, and inadequate operator training
as key issues. While satisfaction with milling recovery

rate and capacity was slightly positive, and whiteness
grading was neutral, opinions on head rice recovery
and power source were neutral and slightly negative,
respectively (Table 30).

Table 30. A 5-point Likert scale from 5 - 'positive' to 1 - 'Negative' based on the performance level of satisfaction with
the performance of present ability of the milling business

Milling recovery Head rice re- Whiteness of Grading equipment  Power source  Capacity of mill-
rate covery milled rice ing
N 9 8 7 6 7 7
% 19.35% 19.10% 16.33% 12.81% 15.83% 16.58%
Score 3.74 3.18 3.15 2.35 2.92 3.48
Decision A little Positive Neutral Neutral A little negative Neutral A little Positive
Mean 3.74 3.18 3.15 2.35 2.92 3.48
SD 1.17 1.24 1.14 1.21 1.29 1.27
Survey data (2024)

The assessment report categorized the milling
business's performance as slightly positive, slightly
negative, or neutral, reflecting some level of dissatis-
faction (Table 31). A 5-point Likert scale (5 = "very
much intention" to 1 = "no intention") revealed rice
millers' intentions to improve rice quality. They indi-
cated "very much intention" for obtaining high-qual-
ity paddy and replacing milling machines, and "so-so
intention" for replacing grading equipment, improv-
ing operator skills, and improving storage facilities.
The prevalence of outdated and inefficient rice-pro-
cessing machines (87%) contributes to poor service
and low-quality rice. Additionally, grading processed
rice is uncommon [6].

Table 32 shows millers’ intention to obtain various
types of information from the millers’ association us-
ing a 5-point Likert scale. Governmental regulation
had the highest mean (3.41, “much intention”), while
international trade was lowest (2.34, “seldom inten-
tion”). Other categories—credit (3.24), other rice mil-
lers (3.03), market trend (2.81), and technical infor-
mation (2.61)—were rated as “intention.” Overall,
millers prioritize regulatory and financial infor-
mation over technical or trade-related details, which
can guide the focus of millers’ associations.

Table 31. A 5-point Likert scale from 5 - 'very much intention' to 1 - 'No intention” about why rice millers are not satis-
fied with the quality of milled rice and intend to improve it

Obtain high-quality Replace the milling Replace grading Improve the opera-  Improve storage fa-
paddy machine equipment tor's skill cility
Score 4.00 3.62 2.73 3.21 3.08
Decision Much intention Much intention So so intention So so intention So so intention
% 24.11% 21.34% 16.21% 18.58% 20.16%
N 61 53 41 47 51
Mean 4 3.65 2.73 3.21 3.08
Sd 1.17 1.11 1.25 0.98 1.31
Survey data (2024)

Table 32. A 5-point Likert scale from 5 - 'very much intention' to 1 - 'No intention' based on the kind of information
the millers expect from the millers' association

Other rice Governmental regula- Market International trade Credit Technical infor-
millers tion trend mation
Score 3.03 3.41 2.81 2.34 3.24 2.61
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Otbher rice Governmental regula- Market International trade Credit Technical infor-
millers tion trend mation
Decision Intention Much intention Intention Seldom intention Intention Intention
% 17.78% 17.78% 20.00% 17.78% 13.89% 12.78%
N 32 32 36 32 25 23
Mean 3.03 3.41 2.81 2.34 3.24 2.61
Sd 1.15 1.103 1.305 1.066 1.165 1.406
Survey data (2024)

The competitiveness of locally milled rice is ham-
pered by its poor quality. A survey indicates wide-
spread disregard for government rice quality stand-
ards (76.5% of millers) and unfamiliarity with
international standards (85.2%). Processors attribute
this quality gap to outdated equipment, inadequate
inputs, and insufficient training. The majority
(90.1%) do not monitor international rice prices. Low
milling recovery rates (75% for de-husked, 65% for
white rice) are linked to insufficient operator training,
while poor-quality paddy and milling practices result
in high breakage. Some processors utilize substand-
ard rice for flour production. Inadequate rice-drying
methods, stemming from practices used for other
grains, contribute to suboptimal moisture content.
Empowering farmers and processors with resources
and market information is essential for improving
rice production [6].
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3.10. Storage trends and rice processing

Rice processors reported a 3.50% storage space avail-
ability, with 95.2% possessing both storage and drying
facilities, while 1.2% lacked either. Storage presents a
challenge for approximately 90.1% of rice millers,
though the same percentage reported having storage
structures. Primary storage materials include sacks
(75.3%) and metal silos (14.8%). Warehouses are used
to store 87.7% of paddy and white rice, employing
methods like sheet covers (15.71%), aeration
(48.57%), redrying (22.86%), and 12.86% use other
methods. Rice loss severity was rated as not severe
(39.5%), moderately severe (49.4%), and severe
(3.7%) (Figure 12).

Insects Spillage Steal

So so Challenge

Fig. 12. Storage challenges of rice processors (%)

As shown in Figure 12, about 58.0% of processors
believe storage leads to quality losses, mainly color
changes. Major storage challenges include rodents,
birds, fungi, insects, spillage, and theft. Rodents pose
a very high challenge for 73.91% of processors, while
26.42% reported birds as a lesser challenge. Insects,
theft, spillage, and fungi were reported as challenges
by 41.07%, 27.27%, 21.15%, and 25.0% of processors,
respectively.

These findings align with previous studies show-
ing that inadequate storage conditions, pest infesta-
tions, and improper handling are key factors contrib-
uting to post-harvest losses and quality deterioration
in rice [18, 24]. Proper storage infrastructure, com-
bined with improved post-harvest handling and pest
management, is critical to reducing losses and main-
taining rice quality
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4. Conclusion and recommendation

Ethiopia’s rice-processing sector, particularly in the
Fogera Plain, plays a critical role in ensuring rice sup-
ply, generating employment, and supporting local
livelihoods. Despite rapid growth, small-scale millers
face persistent challenges, including outdated and
poorly maintained milling equipment, limited tech-
nical knowledge, unreliable electricity, inconsistent
paddy quality, and inadequate price incentives. From
1998 to 2023, an average of 6.15 new machines were
purchased annually, with N90 and NX110 models
dominating the sector (61.35% and 36.5%, respec-
tively). Reliance on untrained mechanics, budget
constraints, and expensive spare parts further limit
operational efficiency. Seasonal concentration of
milling activity, transport bottlenecks, and subopti-
mal post-harvest management exacerbate inefficien-
cies, while the production of high-quality rice re-
mains contingent on access to quality paddy, skilled
labour, and efficient machinery.

To enhance sector performance, competitiveness,
and sustainability, the study recommends:

— Modernization of Milling Technologies: Adop-
tion of higher-efficiency machines with condition-
based maintenance to increase productivity, re-
duce grain breakage, and improve milling quality.

— Capacity Building and Technical Training: Tar-
geted programs for millers and value chain actors
on machine operation, maintenance, and post-
harvest management to strengthen technical skills
and operational efficiency.

— Policy and Regulatory Support: Implementation
of tax incentives, standardized licensing, im-
proved access to financing, and integration of rice
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