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ABSTRACT

Biogas energy is a flexible renewable energy source that can be used as a
replacement for fossil fuels. The objective of this paper is to compare the technical
efficiency (TE) between biogas and conventional farms in Egypt. Data was collected
via face to face interviews with the farmers during the summer season 2015. A
sample of 300 farms divided equally between biogas farms and conventional farms.
Results show that biogas farms are more technically efficient and more profitable
than conventional farms. Different factors are found to affect TE levels such as
(Credit, farmer experience and environmental preferences). Farmers with more
experience and with environmental preservation preferences are more technically
efficient compared with conventional farms. The levels of farm debt have a negative
significant effect on efficiency of the two types of farms with greater impact on
conventional farms.
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INTRODUCTION

Energy is a basic need of human society in which keeps human civilization
progressing. In poor countries, people are in need for energy as an important input to
production and without adequate access to modern energy, poor countries can be
trapped in a vicious circle of poverty, social instability and underdevelopment. The
demand for energy is growing globally where 88% of this demand is satisfied by
fossil fuels. It is expected that this demand will be doubled during this century (IPCC
2000). As the concentration of greenhouse gases (GHG) is increasing rapidly, fossil
fuel-driven GHG is considered the most important contributor (IEA 2006). To reduce
climate change effects, GHG must be reduced to levels lower than half of 1990. In
this regard, biogas from agricultural residues can play an important role in the future.
Biogas is an alternative renewable energy that can replace fossil fuels in power and
heat production. It can be used also as gaseous vehicle fuel. Bio-methane can also
substitute natural gas as a production input (EI-Haggar 2015).

The government of Egypt has recently been developing policies to reduce the
dependence on fossil fuels and promote the use of renewable energies such as biogas
technologies to meet the 20 percent of power generation from renewable energy
technologies goal by 2020 (NREA 2014). Egypt’s current RE output of represents
one percent its total energy supply (EOG 2015). The Egyptian government has
supported more than 1000 farms with biogas digesters with different capacities in
various governorates in line with Bioenergy for Sustainable Rural Development
project as a cooperation project between the Egyptian Environmental Affairs Agency
(EEAA), Ministry of State for Environmental Affairs, Global Environment Facility
(GEF) and the United Nations Development Program (UNDP). The objective of the
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project is to overcome the technical, institutional, financial and market barriers to
increase the awareness of using bioenergy in rural Egypt and reducing the negative
local environmental impacts associated with the use of fossil fuels UNDP (2015).

The objective of this paper is to compare the technical efficiency (TE) between
biogas and conventional farms in Egypt through using the Stochastic Production
Frontier (SPF) methodology and conduct financial analysis using cost-benefit
technique. The contribution of this work is twofold: first it focuses on the Egyptian
agricultural farming, in contrast to the predominant literature, where developing
countries have not received much attention, second, while most of the literature has
focused on financial evaluation of biogas farms, the study conducts a comparative
study of TE scores between biogas and conventional farms in Egypt. Assessing
technical efficiency scores helps in identifying whether economic agents use their
resources optimally to achieve the production objectives.

LITERATURE REVIEW

The biogas technology is growing in many developing countries. Arafa and El-
Shimi (1995) investigated biogas technology adoption in rural communities of Egypt
by identifying the factors that affect the biogas technology adoption using pre-
feasibility study for the household of biogas digester, Indian type, to evaluate the
economic return of this biogas digester. They have concluded that biogas digester is a
viable economic option in rural Egypt. They recommended building more biogas
digester in rural areas expecting reliable economic and environmental services.
Zahran and El-Dorghamy (2010) studied biogas potentials in Egypt using economic
returns method. They also concluded that among the various bioenergy technologies,
biogas production uniquely provides a set of solutions and benefits and is applicable
to a wide variety of sectors. They recommended that establishing infrastructure for
this industry is good investment opportunity to promote local manufacturing of
renewable energy technologies to meet renewable energy demands and to promote
rural development and job creation. Islam (2010) addressed biogas renewable energy
as a solution of energy crisis and economic development in Bangladesh. The author
concluded that using renewable energy have several economic and environmental
benefits such as reducing dependency on fossil fuels and increasing employment
opportunities for rural people. Islam recommended wither developing countries aim
to diversify renewable energy then they can meet their energy needs in the near
future.

Butleret et al. (2011) analyzed biogas adoption in the UK dairy farms by
examining the economic and environmental impact of integrating anaerobic digesters
into five UK farming systems through anaerobic digestion analytical model using
Cost Benefit analysis. The results showed that on-farm anaerobic digestion (AD)
posses the capacity to reduce (CO2) carbon emissions that a dairy farm produces.
Cowley and Cortney (2015) conducted a study on production and cost functions for
methane digesters to determine the NPV-maximizing levels of relevant inputs
through using a nationwide survey and Cobb-Douglas production function and cost
function. The results showed that digester population exhibited increasing returns to
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scale for methane production. As the animal population feeding the digester
increases, fixed and variable costs decrease at decreasing rates.

Based on the literature review presented the biogas production is growing in
the developing countries due to inexpensive inputs and producing outputs such as
biofuel and bio-fertilizer. Most of research has mainly focused on Cost Benefit
analysis and less attention has been given to study the technical efficiency as a
prerequisite for economic efficiency of biogas in Africa in general and in the
Egyptian industry in particular. This paper will contribute to cover this research gap.

METHODOLOGY

The assessment of farm Technical Efficiency (TE) and the factors illustrate TE
provides valuable information to enhance farm management and economic
performance. Avoiding sources of inefficiency and waste of resources is necessary
for economic sustainability. Generally, a farmer who operates with a high TE level
obtains better economic results than others. In this regards, studies productive
efficiency have important effects on economic performance, technological innovation
and the overall input use in the agricultural sector.

There are two leading approaches extensively used to estimate TE: parametric
Stochastic Frontier Analysis (SFA) or Deterministic Frontier Analyses and non-
parametric approaches Data Envelopment Analysis (DEA). Non-parametric
techniques are more flexible than parametric approaches because they can be applied
without knowing the proper specification of the functional of the production function.
However, they do not allow to distinct inefficiency effects from random noise. SFA
was first introduced simultaneously by Aigner et al. (1977) and Meeusen and Van
den Broeck (1997). They differentiated between exogenous shocks outside the firm’s
control and inefficiency. In contrast to DEA and Deterministic Frontier Analyses,
SFA accounts for random noise and can be used to conduct conventional tests of
hypotheses. The general model is specified as:
yi = [(Xi; Blexp(e); e = vi —w,i = 1,2,...,N (1)

where, y; represents the level of output and i-th observation (farm); X is the
vector of input quantities used by the i-th farm in the production process; P is the
vector of parameters to be estimated; and f (X;; B) is a suitable functional form for the
frontier. The cobb-Douglas functional form was adopted in the analysis. From a
statistical point of view, the error term e; in model (1) can be decomposed into two
components, u; and v;; it is assumed that u; and v; are independently distributed from
each other.

The first part, v; 1s a standard random variable capturing the random noise that
arises from four sources (1) the unintended omission of relevant variables from
vector X; (Oude Lansink et al. 2002); and (2) measurement errors and approximation
errors associated with the choice of the functional form; and (¢) unexpected changes
in production (weather influences, for example); and (4) other factors that are not
under the control of the farm. The second part (v;) is usually assumed to be
symmetric, independent and identically distributed as N (0, 6°). The random error v;
can be positive or negative and so the stochastic output can vary the deterministic
part of the model (1). The second part, u;, is a one-sided, non-negative random
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variable representing the stochastic shortfall of the i-th farm output from its
production frontier as a result of the existence of technical inefficiency. The
definition of TE is based upon the distance of the farm from the production frontier.
Depending on the selection of the reference to measure efficiency, two different
efficiency measures can be distinguished (Kumbhakar and Lovell, 2000). In contrast
to vj, several specifications of density distribution have been proposed for u;. The
most common specifications are the half-normal, gamma, exponential, and truncated
normal distributions. The truncated normal and gamma models allow for a wider
range of distributional shapes.

Battese and Coelli (1995) suggested that the use of a single-stage approach
yields more consistent and robust results than using the two-stage estimation
procedure, which 1is inconsistent in its assumption regarding independence of the
inefficiency effects. These authors proposed the following TE effects model:

U =8 + Yne1OmZmi + £ 2)

Where (Z,;) are farm-specific variables associated with technical
inefficiencies; oy and d,, are parameters to be estimated; and &; is a random variable
with zero mean and finite variance (¢%) defined by the truncation of the normal
distribution such that:

g = _[55 +E?‘MVL=15?‘V»ZTVH{] (3)

The mean of (u;), is farm-specific variables while the variance components are
assumed to be equal (¢f = ¢Z). The above model formulation (3) identifies and
explains sources of inefficiency that differ among farmers. However, this formulation
does not allow for input variables that can also explain the predicted TE level. The
correct and efficient application of a given technology or the use of a certain input
may require a certain education or experience level. We estimate the parameters of
the model defined by (1) and (3) by Maximum Likelihood estimator (MLE). The log

likelihood function to be maximized for a sample of 1 producers is specified as:
In L = constant — %ln(_cﬁ'?1 + o) — ¥, Ind (%) + 3;In @ (%) —

2 2
on oy

1 (=3 10150
Z Zi In ————= (4)
RESULTS

A. Technical efficiency analysis

Data are collected from a sample via a face-to-face interviews with farmers in
Fayoum governorate (Tamia Center) from August to October 2015, specialized in
maize production to make a comparison between the production characteristics of
biogas technology adopting farms (biogas farms) and non-adopting farms
(conventional farms). Tamia center has been chosen because it contains the largest
number of biogas adopting farms. The data collected farm and farmer’s
characteristics which will be used for the assessment of technical efficiency for the
conventional and biogas farms. A sample of 300 farms divided equally between
biogas farms and conventional farms. The analysis was carried out using STATA
11.0 software. The Cobb-Douglas production function and the inefficiency models
were estimated in one step.
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Descriptive statistics for the production structure of conventional and biogas
farms are presented in table 1. The total cost per feddan labour, machines, fertilizers
and pesticides are equal L.E 4,575 for biogas farms and L.E 3,964 for conventional
farms. Therefore, the profit per feddan is L.E 4,185 for biogas farms which is higher
than for conventional farms (L.E 3,436). Total of other inputs such as fuels, seeds and
maintenance are equal L.E 5,500 for conventional farms and L.E 7,700 for biogas

farms.

Table 1. Summary statistics of biogas and conventional farms in Fayoum.

Farm characteristics Unit Biogas Farms Conventional Farms
Area Fed. 1.12 1.31
Yield Ton/fed. 4.38 3.7
Price L.E/ton 2,000 2,000
Total Revenue L.E/fed. 8,760 7,400
Labour Hours 1,314 1,248
Machines Numbers 3.24 3.54
Cost of Fertilizers & pesticides L.E 1,557 1,211
Other costs L.E 1,700 1,500
Total cost L.E 4,575 3,964
Profit L.E 4,185 3,436

The variables included in the production function are: (Yi) the dependent
variable representing total production of maize measured in tons, and the factors of
production are (X1) cultivated area measured in feddan, (X2) labour measured in the
number of hours per year, (X3) the expenditure on chemical fertilizer and pesticides
measured in Egyptian pounds. (X4) total amount of machines used in the farm.
According to the results in table (2), the Cobb-Douglas production function estimates
increasing in cultivated area, labour and machines in both biogas and conventional
farms will leads to the increase in maize output with labour being the largest
contributor. While chemical fertilizer and crop protection inputs and machines are
found to be relevant in conventional farms only, this is expected since biogas farms
have increased their consumption bio fertilizers obtained from the biogas processing
unit.

Table 2. MLE of production function of biogas and conventional farms of maize

in Egypt in Fayoum.

. Biogas farms Conventional farms

Variable . .

Parameter | Estimate | Standard- error | Estimate | Standard-error

Cultivated area (X1) 0.163 0.033%%** 0.133 0.022%%**
Labour (X2) 0.241 0.049%** 0.267 0.046%**
Chemical fertilizer (X3) 0.020 0.073 0.237 0.064***
Machines (X4) 0.172 0.039%%** 0.112 0.051 ***

*** indicate statistical significance at the 1%.

The variables of the inefficiency equation are (Z1) farmers’ experience

measured as the number of years dedicated to agriculture is (Z2) a dummy variable
that reflect farmers’ preferences for environmental when making their production
decisions. (Z3) a dummy variable equal to 1 if the farmers have financial debt and
zero otherwise (Credit). According to table (3), farmers with more experience will be
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more technically efficient, it is TE increases with skills and practice of farmer. The
results also show that TE can be affected by farmers’ preferences. In biogas farms,
Farmers with environmental preferences are more technically efficient compared with
conventional farms. The dummy variable that reflects farmers’ environmental
preferences takes the value of 1 if the farmer rated the relevance of environmental
preferences with the highest punctuation. The level of farm debt does have a
significant impact on increasing the inefficiency of the two types of farms with
greater impact on conventional farms.

As is usual, the variance parameters of the likelihood function are estimated in
terms of 0% = 05+ @3 and ¥ = 03/0° (Battese and Corra, 1977); where the # is close
to one, deviations from the frontier are mainly due to the technical inefficiency
effects. Conversely, when # is close to zero, the deviations are mainly due to noise
and the average response production function is an adequate representation of the
data.

Table 3. MLE of the inefficiency effects model for conventional & biogas farms
of maize in Egypt in Fayoum.

Variable Biogas farms Conventional farms
Parameter | Estimate | Standard-error | Estimate | Standard-error

Experience (Z1) -0.004 0.001*** -0.003 0.001%**
Env. Preferences (Z2) -0.125 0.027%** -0.27 0.019%**
Credit (Z3) (Z3) 0.182 0.037%** 0.032 0.039%**
o? _ o 4+ o - 0.104 - 0.2 -
Y = oi/o? - 0.02 - 0.05 -
Log likelihood function - 130 - 252 -

*** indicate statistical significance at the 1%.

According to table (4), TE scores for conventional and biogas farms are
calculated as output-oriented measure following Battese and Coelli (2015). The
average technical efficiency score is 49% for conventional farms and 62% for biogas
farms. Moreover, these technical efficiencies range from a minimum of 36% for
conventional farmers to and 43% for biogas to a maximum of 100%. The results
indicate that if biogas farms effectively used available resources and enhanced
current technology, it would be able to increase their output by 38% on average.
Improving TE levels can reduce production costs and improve the economic viability
of farms.

Table 4. Frequency distribution of technical efficiency for conventional & biogas
farms of maize in Egypt in Fayoum.

TE-Range (%) Biogas farms (%) Conventional farms (%)
0-20 0 0 0 0
20-40 0 0 75 50
40-60 0 0 63 42
60-80 118 78 0 0
80-100 32 22 12 8
Sample 150 100 150 100
Mean efficiency 0.62 - 0.49 -
Minimum 0.43 - 0.36 -
Maximum 0.99 - 0.99 -
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B. Cost-benefit analysis

In this section, we will present the results of the cost-benefit analysis for the
biogas unit in rural Egypt through to evaluate the economic viability of this
technology. Most biogas units in the rural areas are constructed in livestock farms
consisting of 4 to 7 cattle on average which produce around 12 kg dung per day per
head. They consist of a biogas digester, gasholder, moisture unit and a retrofit.

Despite of the high cost of installation, the operational cost of biogas digester
is L.E 100-150 per year. Farmers, on average, spend L.E 550 per year on Liquid
Petroleum Gas (LPG) for cooking. Biogas digesters produce a secondary output that
is organic fertilizer produced from the biogas digesters. Biogas digester yields from 6
to 22 tons of organic fertilizer per year based on its capacity. The organic fertilizer is
sold in local markets at a cost of L.E 400 per ton. Therefore, farmers earn from L.E
2900 to L.E 8600 per year. By using biogas for cooking and for landing, rural people
are able to save L.E 500 every year, enjoying a net benefit without selling the biogas
manner about 500 L.E per year or a net benefit with sold the biogas manner from
1,300 to 5,950 based on biogas digester capacity. The costs and savings associated
with different biogas digester capacity are summarized in table 5 below.

Table 5. Cost benefit analysis of biogas digester of maize in Egypt in Fayoum.

Capacity (cubic meters/day) 2 3 5 6
Digester Unit Cost
after Government Subsidy (L.E) 1,500 1,700 2,000 2,500
Operational cost (L.E/Year) 100 100 150 150
Total Costs (L.E/Year) 1,600 1,800 2,150 2,650
Savings on LPG (L.E/Year) 500 500 600 600
Sold of Manure (L.E/Year) 2,400 2,800 5,600 8000
Total benefit (L.E/Year) 2,900 3,300 6,200 8,600
Net benefit (L.E/Year) 1,300 1,500 4,050 5,950

According to the table above, production of biogas units are (2, 3, 5 or 6) cubic
meters per day depend on digester unit capacities. The cost of constructing (L.E
5,500 for 2 cubic meters, L.E 6,500 for 3 cubic meters, L.E 8000 for 5 cubic meters
and L.E 10,500 for 6 cubic meters). However, in order to promote the dissemination
of biogas technology, the Egyptian government provides a subsidy for farmers
ranging from L.E. 4000 to L.E. 8000 depending on the capacity of biogas unit.
Biogas digesters, once constructed have a long life ranging between 25-30 years and
require no repairing. Biogas digester is econormcally viable option for rural

households, this result is also supported by previous literature results such as Arafa
and El—Shimi (1995), Islam (2010) and Butleret et al (2011).

CONCLUSIONS

The objective of this study is to compare the efficiency scores of biogas and
conventional maize farms in Egypt and to attempt to identify the factors that affect
technical efficiency levels. Productivity differences between the two agricultural
practices are also measured by means of calculating the output elasticity of different
inputs. To do so, we use the Stochastic Production Frontier (SPF) methodology. A
preliminary descriptive analysis permits detecting several structural, physical and
economic differences between biogas and conventional farms. We find that biogas
farms on average are more profitable, on a per feddan basis, than conventional farms.




Aeod4 Impact Of Adopating Biogas Technology On Technical Efficiency In Egypt Farms

Results derived from the SFA permit comparing output elasticity for different inputs
between the two groups. The study shows that biogas farms, exhibit higher partial
output elasticities for cultivated area and labour except chemical fertilizer and
pesticides and machines compared to conventional farms.

Biogas plants are gaining rapid popularity in Egypt. By only using one
inexpensive input, (animal waste), biogas technology can produce two extremely
valuable outputs i.e. clean fuel (biogas) for cooking and heating and highly potent
organic fertilizer. Cost-benefit analyses were carried out in order to evaluate the
economic feasibility of biogas digester. The cost-benefit analyses were carried out
without including the numerous positive social impacts that biogas technology has on
the lives of the rural people. The results showed that biogas digester is economically
viable option for rural people.

Egyptian policy-makers should adopt new policies that have two main
dimensions; first one is discourage the heavy subsidy directed to non-renewable
energy and start directing it to investments in renewable energy with special attention
to biogas production, and second one is encourage the benefits of biogas technology.
Recently, more than 1000 biogas digesters were constructed with different capacities,
gas utilization operating in various governorates in the framework of Bioenergy for
Sustainable Rural Development project. The project is a cooperation activity between
the Egyptian Environmental Affairs Agency (EEAA), Ministry of Environmental
Affairs, Global Environment Facility (GEF) and the United Nations Development
Program (UNDP).

The adoption of biogas technology is still new in Egypt. In order to overcome
the barriers of adoption of this technology, some policy recommendations are
suggested based on the results of the analysis to promote biogas applications.
Exemptions and facilitation of licensing procedures to encourage access to land for
biogas projects. Exemptions of taxes and custom duties for equipment related to
biogas projects to reduce the capital costs. Government should rely on local
manufacturing of biogas digester. Promotion of funding schemes should be
expanded. Biogas applications must be included in the activities funded by donors' of
renewable energy programs.
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