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he Sasakawa Africa Association (SAA) has been addressing the neglected post-harvest

sector in Ethiopia through promoting improved storage facilities and introducing handheld

and motorized crop shelling and threshing machines. However, post-harvest technologies
are poorly adopted by the farmers although the traditional threshing methods often result in high
grain losses and low-quality produces due to low awareness of the farmers and service providers
on the benefits of the technologies.

This study, therefore, was conducted in May 2020 to determine the socio-economic benefits of
the threshing/shelling machine so as to inform the service providers on how to improve the
adoption of the machine. A total of eight youth group service providers in four woredas of
Oromia and Amhara regions in Ethiopia were selected for the study.

In a unimodal rainfall production region, the Bako model maize sheller and the dehusker
machines were assessed, whereas in a bimodal production region the multi-crop thresher was
evaluated. Primary data were sourced through Focus Group Discussions (FGD) and Key
Informant Interviews (Kll) and secondary data were extracted through document review.
Discounted economic parameters such as Net Present Value (NPV), Internal Rate of Return (IRR)
and Benefit Cost Ratio (BCR) were used for determining the profitability of the businesses.

The result of the actual cashflow analysis in the unimodal area showed that the multi-crop
thresher generated a negative NPV (USD -970) with IRR value of -6% and a BCR value of 0.87.

On the contrary, in the bimodal area, the NPV was found to be positive (USD 1917.3) with a BCR
of 1.21 and IRR value 36%. Congruently, the Bako model maize sheller machine resulted in NPV
of USD 8227.5, BCR value of 3.51 with IRR value of 133%. On the other hand, the dehusker
machine generated NPV of USD 2247.5 with a BCR of 1.45, and IRR of 24%.

The partial budget analysis of the farmers revealed that the threshing machine reduced the
threshing costs by USD158.2 (51.9%) per hectare of land compared to the traditional threshing
method.

On the basis of the minimum food energy requirement, in the two districts alone, the maize grain
that was lost through traditional shelling would have fed 3,939 individuals or 788 households,
whereas for teff crop, the loss would have fed 6,163 adults or 1233 households throughout the
year.

Based on the findings, the authors recommend scale-up the introduction of the machines in the
bimodal production areas where two harvesting seasons exist and increase the service charge
and working hours- in the uni-modal area to improve entrepreneurs' profit and adoption of the
machines.

' One USD is equal to 32.8 birr
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INTRODUCTION

Due to inefficient management practices
that allow crops to be contaminated by
microorganisms, chemicals, excessive
moisture, temperature extremes, spillage,
mechanical damage, ineffective storage
and so on, a significant amount of food is
lost during post-production processes such
as harvesting, drying, storage, processing,
marketing, fransporting and consumption.

While continuing to produce more food in
an innovative and sustainable manner,
saving more of the food that has already
been produced is an important strategy for
unleashing agriculture's full potential to
meet the anticipated higher global food
and associated demand. Reduced food
loss allows feeding of more people while
saving money, improving local food
security and reducing pressure on natural
resources. Post-harvest loss reduction
complements efforts to enhance food
security through improved farm-level
productivity, thus tending to benefit
producers and more specifically, the rural
poor. While the cost of loss reduction needs
to be evaluated, it is likely that promoting
food security through post-harvest
reduction can be more cost effective and
environmentally sustainable than a
corresponding increase in production,
especially in the current era of high food
prices [1].

In Ethiopia, inefficient management
practices account for a large portion of
post-harvest loss. Farmers, for example,
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use prolonged standing field drying,
manual/sickle harvesting, manure-
smeared ground for threshing and grain
separation by winnowing with a pitchfork
or shovel, packing animals or humans for
transporting, cribs or underground pits for
storing, and other inefficient post-harvest
loss reduction practices. Research
conducted by World Food Program (WFP)
between 2012 and 2014 shows that in
both west and east Africa the average post-
harvest losses go above 40 percent

Although accurate post-harvest loss data is
lacking in Ethiopia, use of the mechanical
thresher significantly reduces crop loss as
compared to traditional method. It was
estimated that traditional post-harvest
handling causes an average loss of 15-
20% of produces, with incidents reaching
up to 50%. The significant loss in
traditional methods is due to scattered
crops, adulteration with cow dung, loss of
grains with the straw and through animal
feed while threshing

In response to this, Sasakawa Africa
Association (SAA) has been working on
post-harvest management since 1995,
introducing small-scale crop threshing
and shelling machines and other storage
technologies, among other things. Given
the inability of small-scale farmers to
purchase these machines individually and
in light of the growing rural unemployed
youth population, SAA developed a private
machine service provision model to
disseminate the technologies while also
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creating employment opportunities for rural
youths. In this model, a single person or a
group of like-minded young people own
machines and charge farmers for threshing
and shelling services while also providing
post-harvest extension services to farmers.
Threshing and shelling service providers are
linked to maintenance service providers,
machine fabricators, spare part suppliers and
financial service providers to ensure the
model's sustainability.

Over the years, a number of youth groups
have been organized, trained and machines
have been made available for them to
engage in threshing and shelling service
provision businesses. However, the benefits of
the machine threshing and shelling business
have not been thoroughly investigated for
both entrepreneurs and smallholder farmers.
Therefore, this study was carried out to assess
the economic feasibility of the thresher and
sheller machine service provision businesses,
the socio-economic impact of the service on

the farming communities and the barriers to
service providers as well as smallholder
farmers.
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MATERIALS AND
METHODS

The study was carried out in eight farmer
associations, two administrative regions and
four districts of Ethiopia: three districts of the
Amhara region (Bure, Womberma and Estie)
and one district of the Oromia region
(Shashemene) with two farmer associations
in each of the districts.

Sample population

A total of eight Focus Group Discussions
(FGDs) with groups of farmers consisted of
10 to 12 members each in four woredas,
eight kebeles: Womberma-Heret,
Womberma-Markuma, Bure-Ser Tekez,
Bure-Zalema, Este-Zigora Gebriel,
Shashemene-Awash Denku, Shashemene-
Umbure, and Shashemene-Oune Chefo
were conducted. In addition, eight Key
Informant Interviews (Klls) were carried out
with Development Agents to extract the
relevant data in relation to the socio-
economic benefits of conventional and
machine threshing/shelling practices.

Overall, 104 (with 27 female) respondents
including service providers, FGD
participants, and Key Informant Interview
respondents were engaged in providing the
required data based on the data collection
instruments designed for it. A total of eight
youth group service providers were selected
purposively taking into account the area of
operation as well as the type of thresher and
sheller machine technology ownership. Four
maize sheller machine service providers (two
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owning big and the other two owning
small sheller machines) were chosen in the
unimodal rainfall areas of Amhara, while
four multi-crop thresher machine service
providers were chosen both from the
unimodal and bimodal rainfall areas of
Amhara and Oromia regions.

Data collection tool
Primary data were collated through

structured and semi-structured
guestionnaires in order to extract both
qualitative and quantitative data.
Secondary data were gathered from
service providers' financial recording book
(cash inflow and outflow) and district
annual reporting documents to extract the
share of land allocated to each crop, their
production and productivity, and input
supply related information. A review of
previous studies on related topics was also
conducted. Document review was
employed to capture the actual cash flow
of the service providers and in-depth
interview was conducted with them to
extract qualitative data explanatory to the
cash flow records.

Data analysis

The data was analyzed using Excel
spreadsheet and Pivot Table Visualization
tool. For the quantitative measurement
parameters, descriptive statistical methods
such as percentage, mean, minimum and
maximum statistical parameters were used
to assess the scale of the business
operating level. Discounted economic
parameters such as Net Present Value
(NPV), Internal Rate of Return (IRR) and
Benefit-Cost Ratio (BCR) were also used to
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examine the profitability and feasibility of
the businesses. It is evidenced that a
certain amount of money today is worth
more than the same amount received in
future The payback period was
estimated to appraise the time in which the
initial outlay of the investment is recovered
through the cash inflows generated by the
investment. Tables and graphical
presentations were used to visualize

various statistical results.
Net Present Value (NPV) is a capital budget

technique used to determine the present
value of discounted future payments at an
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appropriate rate This was used to calculate the difference between
the present value of net cash inflows and outflows, using the following
formula:
_ NCFy , NCFp | | NCFgy
NPV=—CFy + i+ s L (1)
_ n NCF
LR R R R — 2)
Or, this can be written in the form of:
" NeR
NPV = thl e — 3)

Where: NPV=net present value; NFC,= net cash flow during the period
t; CF, initial investment/cost; t = the period in year; i=discount rate;
n=duration of the project.

- According to Julian and Seavert [4], the NPV rule should be used to
~ make decisions on the investment. When NPV < 0, investment should
be rejected, when NPV > 0, investment should be accepted. The NPV
equation considers all the costs and desired rates of return. Therefore,
investing in something that has a net present value greater than zero
logically increases a company's earnings since it achieves the expected
financial objectives.

Benefit Cost Ratio (BCR) is the ratio of project benefits versus project
costs. It involves summing the total discounted benefits for a project
over its entire duration/life span and dividing it over the total discounted
costs of the project

_ ZjaRi )
B/C= "4 Gj (1+i)]

Where: B/C=cost benefit ratio; Rj = revenues during the period j; Cj =
' costs during the period |; i=discount rate

15§ machine service provision to reduce post-harvest loss in Ethiopia
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Internal Rate of Return (IRR) was computed to
determine the rate at which the investment breaks
even [8], which is calculated as:

Npy Y0 NCFe

j=1 (1+i)t - CO =0 i=IRR

This can be expressed as:

_on  NCF
= J=1 (1+IRR)t

_CO=O

Where: IRR=internal rate of return; NFC,= net cash
flow during the period t; C,= initial investment/cost in
year 0; i = discount rate in decimals; t= year in period
t n=total duration of the projectin years.

The daily food energy requirement of an adult person
was used for estimating the number of people to be
food secure if the post-harvest loss reduced due to the
promoting machine. The daily food energy
requirement of an adult person was estimated by
successive FAO/WHO Expert Committees. The &=
estimation was made based on two reports. The firstis ==
that of a Joint FAO/WHO Ad Hoc Expert Committee |
on Energy and Protein Requirements, which met in - _h
1971 (referred to as the 1971 Committee) and which *
reported in 1973 (referred to asthe 1973 report). -
The second is the report of a joint FAO/WHO informal
gathering of experts, which met and reported in 1975
(referred to asthe 1975 report)

The average daily food energy requirement of men = 3000 Kcal..................... 1
The daily food energy requirement of women = 2200 Kcal........................... 2
The cumulative average daily food energy requirement of men and women

= 2600 KAl ..t iniiiiiie e 3

Economic Analysis of threshing and shelling machine service provision to reduce post-harvest loss in Ethiopia
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RESULTS AND
DISCUSSION

The current state of machine service providers and machine fabricators

Sasakawa Africa Association (SAA) was the first to introduce the multi-crop thresher
machine in Shashemene area over15 years ago. The study revealed that the Shashemene
town has four machine fabricators, resulting in 300 multi-crop thresher machine service
providers in the area. As a result, nearly all of the smallholder farmers in the Shashemene
area have adopted threshing/shelling machines.

According to the FGD discussants and Key Informant Interviewees, the availability of
private service providers combined with a high demand of the service from the farmers'
side because of its product quality, saving time and money, as well as proximity of machine
fabricators and maintenance service providers in a nearby town, were the primary driving
factors behind the machine's high adoption rate in the area. Furthermore, the bimodal
rainfall pattern allows farmers to use double cropping practices and hence, the threshing
service business could run in most of the months over the year which would help to easily
adoptthe technologies.

The Amhara region, on the other
hand, had no threshing/shelling
machine fabricators.

As a result, the proportion of farmers
using threshing/shelling machines
appeared to be very low in the districts
of Womberma (40%) and Bure
(19.8%). The threshing machine
helped to reduce the grain losses,
improved grain quality and reduced
threshing costs for the farmers. In
addition, farmers were able to prepare
themselves for the second production
~©  season earlier than it would have been

R WAL iy
%ﬁi%}ﬁ possible otherwise.
- o R AT ]
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Initial investment and operating costs of the service providers

In the Womberma-Heret and Bure-Zalima study areas where maize dehusker-sheller
machine was in use, the service providers incurred an initial investment cost of Birr
190,000 for the machine alone. Whereas, for the Bako-model maize sheller
machines, the average initial investment cost was Birr 64,500.

On the other hand, the average actual operating cost of the maize dehusker-sheller
machine was found to be Birr 23,150, with costs ranging from Birr 16,720 to 29,580
depending on location. However, the entrepreneurs could not work for the entire
threshing season due to late acquisition of the machines coupled with too many non-
working religious holidays. Hence, this cost does not reflect the potential operating
costs of the business. With the potential working capacity, however, the average
operating cost would have risen to Birr 39,137.

Fuel expense was found to be the major cost item of all operating costs, followed by
maintenance and oil and lubricants. The actual average operating cost of the Bako-
model sheller machine was calculated to be Birr 26,984, which would rise to Birr
32,679.4 with the potential working capacity. Similarly, the highest share of the total
operating costs of the dehusker-sheller machine was for fuel expenses, followed by
remuneration and maintenance costs, Figure 2.

Oil and lubricant costs -1900 BF 2920
Maintenance cost -5065.0 ® 8367.1
Fuel cost -6405 10679.1
Transportation -9780.0 W 17170.7
Total operating cost -23150 [N 39137

Full capacity ™ Actual

Source: Computed from the financial recording book of the SPs

Figure 1: Actual and potential operating costs-Bako model

Economic Analysis of threshing and shelling machine service provision to reduce post-harvest loss in Ethiopia
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-1762.9 Wl 2201.4

Transportation -2342.1 N 2281.1
-5434.3 MW 4777.1
Operator remuneration -6000 BN 9000

-12163.4 NN 15681.7
Total operating cost  -26984 N 26 79.4

B Full capacity ™ Actual

Source: Computed from the financial recording book of the SPs
Figure 2: Actual and potential operating costs- Dehusker

Likewise, the initial investment cost and operating costs of the multi-crop thresher
machine was calculated. Accordingly, the average initial investment cost for the multi-
crop thresher machine was found to be Birr 80,451. The investment cost varied from
entrepreneur to entrepreneur due to differences in cost of machine and other
accessories.

The actual average annual operating cost incurred by the multi-crop thresher machine
service providers was Birr 62,458. However, with full working capacity for the entire
season, the average operating cost would be Birr 90,128.6. The major share of the total
operating costs goes to fuel expenses followed by operator remuneration, tfransportation
and oil and lubricant costs, Figure 3.

Daily laborers -1313 || 13125
Maintenance cost -3100 §M 7400
Transportation -6270.8 M 8417.4
Oil and lubricant costs -6232 M 8796.2
Operator cost -17955 [N 25515
Fuel cost -27583 | N 38687.5

Total operating cost -62458.0 [ 0. 28.6

M Full capacity m Actual

Source: Computed from the financial recording book of the service providers
Figure 3: Actual and potential operating costs- multi-crop thresher

Depreciation and cost of capital

Depreciation costs for fixed assets and the cost of capital were factored in for calculating
the total annual cost of the business, and a 10% interest rate was used for calculating the
cost of capital as most of the Financial Institutions used a 10% interest for loanable funds.

Moreover, a straight-line depreciation schedule was applied to calculate the depreciation
cost of fixed assets assuming that the economic life year of the machine is 5 years. This is

Economic Analysis of threshing and shelling machine service provision to reduce post-harvest loss in Ethiopia
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because, most of the thresher machines had a lower likelihood of providing service
beyond five years or requires significant replacement costs. Therefore, the salvage value
of the machine after five years was assumed to be the same as its accounting value, which
is 1 birr. Based on these assumptions, the average annual depreciation cost of the
Dehusker-sheller and Bako Model Sheller machine was calculated to be 38,000 Birr and
12,900 Birr, respectively (Figure 4). The average cost of capital was found to be Birr
10,443 for the Dehusker-sheller and Birr 9879.8 for the Bako Model Sheller Machine.

48443
48443
38000 38000 38513
23107.5
13131 ‘
10443 10443
Wonberima-H Bure-Zalema Womberema-M Bure-Ser Tekez All Woredas

E==== Depreciation cost E===== Cost of capital (Average) ======= Depreciation+cost of capital

Figure 4: Depreciation and cost of capital for maize sheller in different areas (Birr)

Similarly, the multi-crop thresher machine's annual depreciation cost was found to be
8,040 Birr, on the average, which is ranged from 6,498 to 10,568 Birr due to initial
investment cost differences. The average cost of capital for the investment fund was
20,100.3 Birr, with service providers in Awash Denku, Oune Chefo and Umbure
incurring the highest costs of capital, respectively, as shown in Figure 5.

26420
AR N 20100.3
20 16243.75. TSsal_wmrs_ 5T
Teeelll- 15852 Se-=-=<

. 9746 10568 10642.5 S2e0.2
8000 5 ‘ 8040.1
: 6498 'E 7095 |
E = = = == = == =

Estie S-Awash Denku S- Chefo Umbure  S-Oune Chefo Average

Cost of capital ==== Depreciation + Cost of Capital

Depreciation cost

Figure 5: Depreciation and cost of capital for multi-crop thresher in different areas (Birr)
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Discoun!ed rate pf
economic analysis

Bako model maize sheller machine
According to the actual cashflow cost-
benefit analysis, the Bako-model maize
sheller machine generated a gross
revenue of Birr 528,400 over its five-year
economic lifetime, assuming all other costs
(service fees and other operational costs)
remained constant. The service providers'
total cost, on the other hand, was Birr
150,670. Variable costs accounted for
45.4 % of the total cost, whereas the
investment cost had a share of and 42.8%.
Overall, the Present Value (PV) of the
service providers' cost was found to be Birr
179649.6 and that of the PV of the revenue
was Birr 400,610.35.

Using the various discounted profitability
measures, the business was found to be

highly profitable on the basis of the actual
cash flow analysis. The NPV of the business
was found to be Birr 269861.9, and the
BCR 3.51, which is greater than the
standard threshold of one, indicating that
for every one-Birr invested in the business,
3.51Birr is earned, including the one-Birr
investment. Furthermore, the IRR was
found 133 %, with a payback period of 1
year.

Since the actual cash flow did not reflect
the true profitability analysis of the
business due to untapped seasonal
working time, a profitability analysis was
done using the projected potential working
capacity cash flow data. Accordingly, the
NPV of the enterprises for the overall
operations was Birr 497337.9, with a BCR
3.69. In addition, the IRR was calculated to
be 227%, which is significantly higher than
the cost of capital. Based on this outcome,

Page 10
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every one Birr investment generated a net
profit of Birr 2.69, with investment payback
period of one year.

Dehusker sheller machine

On the basis of the actual cash flow
analysis, the total gross revenue of the
Dehusker sheller service provision
business was calculated to be Birr
519,375, which is equivalent to a
calculated PV of Birr 393767 .9using 10%
discount rate. As Table 2 depicts, based on
the actual cashflow analysis, the economic
benefit of the business over the machine's
five-year economic lifetime was Birr
161,409. The NPV of the businesses was
found positive with a monetary value of
Birr 73720.2. The BCR was calculated to
be 1.45, which is greater than the
profitability threshold of one. The IRR was
found to be -24%, and the payback period
was 3.3 years.

When it comes to the potential working
capacity, the gross revenue increased to
Birr 819,375 during the machine's
economic lifetime, with a total estimated
cost of Birr 437,900.9. The PV of the gross
revenue was Birr 621,215.2, and that of
the total cost was Birr 453720.2. The NPV
of the business was found to be positive,
with a monetary value of Birr 240,564.1.
The BCR was 1.87, which is significantly
higher than the profitability threshold of 1.
The IRR of the business was 51%, which is
much higher than the current interest rate
of the financial loan service providers, and
the payback period was found to be2.5
years.

Economic Analysis of threshing and shelling machine service provision to reduce post-harvest loss in Ethiopia

Multi-crop thresher machine
Comparison was made between the
profitability of the business in the unimodal
and bimodal rainfall pattern areas.
According to the findings, the threshing
service in the unimodal crop production
area was not found to be a profitable
investment in various profitability
measurement parameters. The NPV of the
business was negative, with a monetary
value of Birr 31,826.5 (Table 3). This
equates to a loss of Birr 31,826.5 over the
machine's economic lifetime. The BCR was
0.87, which is less than the breakeven
point. As the IRR is negative (-6%), the
initial investment will never be repaid back
within the machine's economic lifetime
unless the current business modality is
changed. The limited working days due to
religious holidays, frequent machine
breakage on the threshing axle combined
with lack of maintenance service providers
in a nearby fown were mentioned by the
service providers as business challenges.

The NPV, on the other hand, was found
positive in the bimodal crop production
area, with a cumulative value of Birr
62,886.1. The IRR was found to be 36%
with a BCR value of 1.21. This means, if the
investment was made with own money, the
company profited at a rate of 21% of the
investment. This implies that entrepreneurs
would never go bankrupt if they could
obtain an investment loan with an interest
rate of up to 21%. With this business
modality, the initial investment will be paid
back within 2.4 years. A similar study that
was done by SAA in 2015 in this specific
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