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 ملخص البحث:
نة  وة إ اراهت ةا الكةا كةا  تعانى كثير من القطاعات الإنتاجية  االدممية   ةص ممةر مةن منةص   نقةة الطا ة    ا 

  الإراهة ال يةمة تتةتب  ا ةا ل ةذ  هةمه الكنةص   مكةا يتةرإ ع ي ةا ا ةا   إ  السعى اهاإ انتةا  اا ة   مي ة   ةالإت اه ال ميم ه

 هة الب ة   هةم  لما كا   .مثذ ا الى ن   أ مت  م جميم لإراهة الطا   ال ات   من تدكر الكد تات العض ي  لاه ائيا ا ت جي

 إوةةتدمام  نكةة     مةةراها الةةمجا  البيةةاإمد تةةات تقيةةيم مسةةاهين  لإوةةتقة  اا ةة  القةةاا ال يةة    التةةى يكصةةن انتاج ةةا مةةن 

التةى تة  ر الصثيةر مةن  (LINDO)هيا ى تم تطة يره ليسةاعم  ةى ال  ة   ل  ةذ ابمثةذ  إوةتدمام أاةم البةرام  ال ةاهرة  

انتا  الطا    صكيات كبيرة لكعر   التقيةرات االتةى تطةرأ ع ةى هةما ال ةذ ال  ت ا ال  م لكتدم  القراه لا ويكا ع م تدطيط 

عن اريق اوتدمام ال او ب . ا ةم تةم تقمية  البرنةام   البيانةات الكط   ة  االتةى تةم ت كيع ةا مةن الكرهعة  مبا ةرة   انة  

اهيات الع كيةة  اهةةى  يانةةات البيانةةات الإ تمةةاري  االإامةةاإات الك نةة هة  ةةى الكراكةةر الب ثيةة  االك وسةةات ال ص ميةة  االةةم

 .اوت ةك الكرهع  من الطا   الص ر ائي  ع ى مماه ثةث أع ام متتالي  اكملك اوت ةك الكرهعة  مةن ال  ة ر الةةام ل تم  ة 

ا م تم اوتدمام أام ارق التأكم من وةم  ال ذ الريا ى   إختباه اساوي   عض الكعامةت ابواوي  التى يعتقم أن ا تة ثر 

ط ع ى الكساه ابمثذ لت ايع اا   القاا الصام   االصكية  ال اجة  اوةتقةل ا الصةن أيضةا ع ةى ختةض أا ايةارة تص تة  ليس  ق

البرم   الدطي  هةى اب ضةذ بن ةا   إ نتائ  ال ك    الريا ى  ا  اإ ع ىت  يذ اا   القاا الى اا   اراهي  اك ر ائي . 

لبمي   مكا يتيب  ر   لماا  الكرهع   ى اختياه ال ذ ابمثذ  ا ق البمائذ تساهم  ى الت  ذ الى ال      ات القراهات ا

الكتاا   عصس الإوتقة  ا ق ابوالي  التق يمي  التى تقمم اة اااما ا التالى يصة   ه ةاك  ةراه اااةم الةيس عةمة  ةراهات. 

 اوتكراهي  التنقيذ. ا  ماه الي م   الكدت ت  ع ى مككا أ  الكرا   الكقب   من تط ير البرنام  تنكذ ارخا  اباكا

Abstract: 
 The gap in demand and supply of energy can be met by optimal allocation of available energy 

resources. For farmers throughout the world, energy inputs represent a major and rapidly increasing cost. The 

energy production planning problem starts with a specification of farm demand that is to be met by the energy 

production plan. In this paper the mismatch between the biogas potential contribution levels and optimal energy 

allocation for two end-uses has been deduced. As such energy planning problem is inherently optimization 

problem. The model has been optimized using LINGO software version 12.0. The optimization problem of 

biogas energy produced on-site has been executed from the economic point of view. The analysis assumed no 

thermal energy storage capacity is available to address generation/load mismatch. Based on the optimal solution 

biogas energy can be utilized to cover great portion of the annual electricity and heat demands by about 95 %  

and 99 %, respectively. This model is considered a powerful tool for analyzing competition between two routes 

of the rational use of "chemical potential energy" with independent demand, which can be used in a small-scale 

rural poultry farm. In addition, sensitivity analyses have been elaborated in order to show how the optimal 

solution would vary due to some key parameters including energy demands, conversion efficiencies and relevant 

costs. The results also, demonstrate that the optimized model has been found as the best choice for meeting the 

energy needs of the farm.  

Keywords:  Biogas Utilization Model, Linear Programming, Energy Demand, Poultry Farms. 
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1.Introduction 
 The problem of energy shortages is 

aggravated by the fact that the available 

fossil fuels are limited and exhaustible and 

there is a strong need to initiate the search 

for non-conventional/renewable energy 

source, which are not only the abundantly 

available but are also eco-friendly [18]. In 

developing countries like Egypt, demand 

for energy is constantly rising. 

Conventional energy supply options have 

failed to cope up with this increase. The 

basic impact of this scenario can be seen in 

rural areas facing the shortages of fossil 

fuel as well as electricity due to their 

remoteness. Therefore, it is required to 

utilize the farm waste for producing 

renewable energy and planning at optimal 

allocation thereby reducing dependence on 

commercial energy and reducing associated 

environmental hazards. 

 In order to overcome these 

problems, many studies have presented and 

suggested to use farm wastes for renewable 

energy production [14]. In recent years, 

anaerobic digestion (AD) has been 

developed as one of the most attractive 

renewable energy resources especially in 

developing countries. Renewable energy 

production, in the form of biogas, is an 

important objective of this process 

[11,32,37]. A digester is often described as 

an extension of the digestive system of 

herd itself. Biogas produced via AD is a 

mixture of methane (CH4) and carbon 

dioxide (CO2), in a ratio of about (60:40) to 

(70:30). Biogas can then be burned in 

stationary engines to produce electrical and 

thermal energy or to fuel vehicles [1]. The 

biogas produced through the AD has a 

heating value of 20-25 MJ/m3 

[20,24,25,30]. Since biogas energy can be 

produced in-situ, it can alleviate the 

problems of the energy provided with 

conventional sources of energy, especially 

in rural areas. One of the most noticeable 

problems in the field of biogas technology 

is regarded to the produced gas which 

cannot be stored from period to period. The 

design and operation of electrical and 

thermal power units are greatly dependent 

upon climatic conditions [33], both 

electricity and thermal energy demands 

fluctuate seasonally and daily, so it is very 

difficult to solve the problem since it is 

necessary to take account of the plant’s 

annual strategies for the variations of 

demands [3]. The biogas energy production 

planning entails the evaluation and 

allocation of limited resource to farm so as 

to satisfy activity demand in the most 

efficient and effective way over a certain 

period. [4] formulates this problem as a 

transportation problem, when there are 

multiple time periods and multiple 

production options, but only one item and 

one resource type. As such energy planning 

problem is inherently optimization 

problem, where the objective is to develop 

a plan that meets demand at minimum cost 

or that fills the demand that maximizes 

profit. Optimization models are widely 

applicable for providing decision support. 

Models based on optimization 

methodologies are deployed to optimize 

energy investment decisions endogenously, 

meeting a specific target under some 

constraints. They are often used by utilities 

or municipalities to derive their optimal 

investment strategies and by national 

energy planning to analyze the prospects of 

the energy system. These models require a 

relatively high level of mathematical 

knowledge and the included process must 

be analytically defined [10]. The 

mathematical approach used in most of 

these models is linear programming (LP). 

The majority of optimization models use 

this approach and it is also applied in 

national energy planning as well as in 

studies related to selection of energy 

technologies in the long term. LP is a 

practical technique for finding the 

arrangement of activities which maximizes 

or minimizes a defined criterion, subject to 

operative constraints [34]. All 

mathematical relations in this approach 

must be expressed in terms of linear 

functions, and all coefficients remain 

constant. Mixed integer programming 
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(MIP) is an extension of LP which allows 

the variables considered in the model to 

take discrete values. Decision variables are 

used to describe key discrete points of an 

energy management system. The objective 

function is referred as goal for the 

optimization. The main constraints include: 

(a) demand constraints (energy output from 

demand technology is greater than or equal 

to the amount of end-use demands), (b) 

balance constraints (balance equation for 

energy carriers of fossil, heat, electricity, 

and renewable energy and technologies), 

(c) technology constraints, and (d) bound 

constraints. Also, emission limitations of 

greenhouse gases (GHG) and pollutants 

can be included as additional constraints 

[5]. In this research, we used the classical 

multi-item lot-sizing problem (CLSP) in 

inventory theory that has been studied by 

several researchers throughout the years 

[13,22,31], the approach is based on an 

immense amount of work production 

planning. The classical capacitated lot 

sizing problem (CLSP), consists of 

determining the amount and the timing of 

the production of the products in the 

planning horizon or the time interval as 

well as capacity restrictions constrain the 

production quantity in each period, while 

tacking into consideration two exact 

approaches in order to strength the LP 

feasible solutions. The objective of CLSP 

is to determine a production plan with 

minimum cost. One is called cut-generation 

techniques [2,21], while the other is the 

variable redefinition technique of Eppen 

and Martin (1987), these are used as an 

additional constrains  to ensure the 

operating of each time interval.   

 Based upon the biogas energy 

assessed for the fulfillment of the demand, 

two routes of utilization have been 

considered. Linear Programming (LP) 

using LINDO software [38] has been used 

for the optimization of biogas energy 

utilization model. The electrical and 

thermal energy productions have been 

indeed the specific routes of extensively 

studied and exploited in this paper. Typical 

decisions include production lot sizes and 

sequencing of production runs.  A key 

choice is what planning decisions of energy 

production  to include in the model. The 

objective function is set from the economic 

viewpoint by minimize the total annual 

energy cost.  
 

2. Materials and Methods  

2.1 Basic assumptions of model 

 The structure of every model 

subdues to a number of assumptions which 

can simplify the real fact and they suffice 

by what is primary and leaves what is 

secondary for the attributes have the same 

dependent aspects and conditions. The first 

assumes a linear relationship between the 

expected quantity of biogas energy 

production and the resource consumption 

which is considered a type of production 

functions [17]. The second also assumes 

one operation mode of utilization methods 

is analyzed, on continuously. For 

continuous operation, biogas-based 

electrical and thermal energy supply units 

are matched to demand scenario. The 

electrical and thermal energy productions 

have been indeed the specific routes of 

extensively studied and exploited in this 

paper. All subsequent analysis is based on 

the optimum operating conditions for each 

system. The analysis assumed no thermal 

energy storage capacity is available to 

address generation/load mismatch may 

appear economically attractive may not be 

technically feasible.  

 

2.2 Model Formulation  

 The approach that was used for this 

analysis based on the specific scenario 

assumption by considering the amount of 

energy in the form of biogas it could 

produce continuously. An optimization 

model based on linear programming 

technique has been developed for 

evaluating on-farm energy supply system 

considering conversion technologies using 

biogas energy. In order to reach an overall 

optimum of the structure of the energy 

model, the evaluation problem is 
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formulated here as a MILP model. Fig.1 is 

a flow chart illustrating the structure of the 

model.  This model is considered a tool for 

analyzing competition between two routes 

of the rational use of biogas energy with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1) Model Flow chart. 

 

 

independent demand, which can be used in 

a small-scale rural poultry farm.  As  we  

already  mentioned,  a  key choice is what 

planning decisions to include in the model. 

Therefore, choices must be made as to 

which energy carrier to include and how to 

model their capacity, and their costs. 

Related to these choices is the selection of 

the time period. The identification of the 

relevant costs is also an important issue. 

For energy production planning, one 

typically needs to determine the variable 

production costs, including setup related 

costs, inventory holding costs, and any 

relevant resource acquisition costs. 
 

2.2.1 Decision variables: The decision 

variables are those quantities that represent 

the decisions to be taken, and are necessary 

to formalize the objective function and the 

constraints by mathematical representation. 

In particular, the decisions concern two 

choices. For these two choices, two types  

of decision variables are defined 

respectively: 

Energy demands            
(Electricity and 

heat) 

Local information 
(Climate data, energy prices,  

capital cost and interest rate) 

Technical information 
(Electricity efficiency and 

heat efficiency) 

Previous investigation and analysis Input 

Output 
Optimal utilization 

schedule 
Economic and 

environmental effects 

LP Model 

Balance of energy available and 

demand  

Calculation of feasible solution (Total cost) 

Initialization of biogas 

energy availability  

Technical constraints 

(Efficiency and capacity) 

YES 

NO 

Total cost 

minimized? 

Resetting of feasible 

solution (biogas 

availability and 

demand loads)  
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• Decision variable to reflect the 

allocation schedule (energy flows) of the 

energy conversion systems every time 

(month) to all the year. 

• Decision variable to reflect the 

existence of energy conversion equipment 

will be chosen to be operated or not, as 

well as on-off operation system.   

2.2.2 Objective function.  The objective 

function of the model is to minimize the 

annual total generation cost of supplying 

energy to a specific poultry farm by using 

on-site generation systems, is used biogas 

energy potential, to meet part or all of its 

electrical and thermal energy 

requirements in the whole year. This may 

drive only from the net energy gained 

which can be counted, i.e. the process 

energy fraction (for agitators, pump, 

heating and any outside energy input) 

must be subtracted from the total gas 

yield.  In a simplified form the objective 

function can be written as:  

 
 CtaxOMInvTotal CCCCMin ++=  (1) 

The annualized investment (L.E/year) is 

described in Equation (2). It is calculated 

by spreading the initial cost across the 

lifetime of the hypothetical conversion 

technologies while accounting for the time 

value of money [35].  

 

( ) ( )

( ) ( ) 













+
−

=
uT

u

equMCapInv

equR

R
uPuFC

1

1
1

     (2)  

Where, FMcap, Pequ,  R, and Tequ denote the 

maximum capacity (kW) of each 

conversion technology (both biogas 

engine-generator and firing system), the 

capital investment costs (L.E/kW) 

associated with kW of capacity plant, 

interest rate (%), and life time period of 

each  equipment (year), respectively. The 

index (u) illustrates the index of end uses, 

including energy carriers (electricity and 

heat).  

 The operational and management 

(O&M) cost is composed of fixed and 

variable ones.  The fixed (setup) O&M 

cost is calculated with the installed energy 

conversion equipment capacity multiplied 

by a unit cost coefficient. The variable 

O&M cost is calculated with cumulative 

power generation during the calculation 

period multiplied by a unit cost 

coefficient. The (O&M) cost can be 

calculated as a modification of the models 

presented by [8,15]. 
( ) +=

t u

omvGenomfCapOM tuXuPtuEuYuPuFC ),()(),()()()(

        (3) 

Wherein, the variable EGen (kWh/year) 

denotes the amount of energy (including 

electricity and heat) for future generation. 

Fcap, t and u are the rated capacity or 

production operating limit (kW), index of 

time interval (month) and end-uses, 

respectively. The parameters Pomf and Pomv 

mean the cost coefficient matrix off the 

entire known energy demand vector. Two 

types of binary variables were also 

introduced in the model. These include Y 

(u) (The integer variable to decide 

whether the uth end-use will produce, as 

well as the existence of energy conversion 

equipment, e.g. engine-generator and 

firing system) and X(u,t) (the continuous 

variable to express the input and output 

energy flows of the system components in 

each period (t).  

The carbon tax cost is described as the 

cost for carbon emissions from on-site 

power generation, as well as equipment 

operation, it is defined as bellow: 

 

( ) ( )tuEuICC GenC

u

TRateTax ,=          (4) 

Where, CTRate and IC denote the value of 

carbon tax (L.E. /kg CO2) and CO2 

intensities (kg/kWh) or emissions for each 

conversion technology that can produce 

electrical and thermal energy [23].  

Notably, stoichiometrically combusting 

one cubic meter of biogas yields 1.8 kg of 

CO2 after combustion no matter what 

portion is comprised of methane. From 

this result it can be concluded that, 

theoretically, the emissions of CO2 from 

the combustion of biogas are constant in 
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spite of changes in its composition. The 

energy content of the gas is the only factor 

that varies with methane content. That is, 

even though the CO2 emissions from 

biogas combustion are dependent only on 

the volume of gas burned, the amount of 

useful energy that can be extracted 

depends on the methane mole fraction of 

the fuel. The method of [25] was followed 

to determine the emissions that would 

result from the combustion of biogas with 

a methane volume  percentage of 60–70% 

and carbon dioxide content of 30%– 40%, 

which is the typical composition of biogas 

[19,25]. 
( )

















−+
=

4

443 18178751
1

CH%E

)CH%().(CH%.
mI biogasC

                                                             (5) 

This energy content information can be 

combined with the emissions results to 

find the carbon dioxide produced per 

kilowatt hour of energy generated, which 

is a function both of the methane 

molefraction and the conversion 

efficiency. Equation (5) was used to find 

the emissions factors. In this equation, E 

% CH4 is the energy density of biogas as a 

function of methane mole fraction and 

expressed in kWh/m3 of biogas. These 

values can be converted to kilowatt hours 

by using the conversion factor of 3.6 

million joules per kilowatt hour. The 

resulting emissions factors (IC, in kg of 

CO2 per kWh of energy produced). 
 

2.2.3 Constraints: There are also a 

number of main constraints incorporated 

into the model to restrict the set of 

feasible solutions. The first of these 

requires that the terminal energy supply 

shall be at least equal to the demand. It 

also means that the total amount of 

generated electricity and/or heat, in terms 

of MWh/year, must meet or exceed total 

demand.  

( ) ( ) )s;u(uη)s,u(Ds,uEGen

u

1

2

1

=
=

    (6)  

Wherein, 

EGen: Unknown energy vector of all links 

present at the flow from primary energy 

product to terminal energy demand. 

 D: Terminal energy demand vector, 

 η: Energy conversion efficiency matrix, 

 s: Setup times of conversion.  

Another key constraint for the available 

energy limit is that the energy yield (EGen) 

shall not be beyond the net power 

available on-site use (Mcap). Quite the 

power generated in each period (t) may 

not exceed the rated capacity of the 

generator and firing systems. Thus 

constraints sets (7) guarantee that the 

capacity of every order or link is not 

exceeded [36]. 

( ) )T,...,t;s(Mt,uX)t,u(E Cap

u

Gen 1

2

1

=
=

   

(7) 

At the beginning of each period s = 

1,….,T, it is possible to place an order for 

any subsets of energy carriers (electricity 

and heat), and this incurs a  fixed ordering 

cost  Pomf (s) regardless of the subsets of 

energy- carriers or  possibly fractional 

number of units ordered from each energy 

carrier. However, the overall quantity 

(energy yield) of units ordered in period s 

cannot exceed a certain capacity limit 

Mcap ≥ 0. These are usually called uniform 

capacity constraints, where in each period 

s, the order is placed in batches, each of 

which has capacity Fcap (s) and incurs an 

additional fixed ordering cost Pomf(s). The 

energy units ordered in period s are 

assumed to arrive instantaneously, and 

can be used to satisfy demands in that 

period and subsequent periods. For each 

demand u and period t, there is a variable 

cost Pomv or the per unit cost to carry one 

unit of energy (both electricity and heat) 

carrier from t to period t+1. For each 

demand point (u,t) and a potential order 

s<t, let X=1 from s to period t. Most of 

demands will arrive in the period T, that 

is, at the end of the planning horizon. 

Constraints set (8) guarantee that any 

positive demand is fully satisfied on time. 

The demand of end-use u in period t is 

denoted by D (u, t). The demands of 



 

7Mansoura Engineering Journa, (MEJ), Vol. 39, Issue4, December 2014                                          P:  

energy are known in advance but can vary 

from period to period. Moreover, all of the 

demands must be fully satisfied on time. 

So the constraints set (7) guarantee that 

any positive demand is fully satisfied on 

time. 

 

( ) )E;T,...,t;u(t,s,ux Gen

st

011 ==


    (8) 

The constraint set (9) is for the so-called 

forcing constraints. These constraints 

relate the production variables to setup 

variables. It states that an order cannot be 

used to satisfy a demand if it is not placed. 

For each energy carrier and time period, if 

there is no setup {Y (u, t) =0}, then this 

constraint assures that there can be no 

production {E (u, t) =0}. Conversely, if 

there is production in a period {E (u, 

t)>0}, then there must also be a setup {Y 

(u, t) =1}. 
)st;T,...,s;u()s(Y)t,s(X == 1           (9) 

Additional constraints are needed to 

ensure the operation of energy conversion 

units (both electricity and heat). The 

corresponding constraint of the energy 

inventory balance is described in Equation 

(10).  It states that the total amount of 

energy converted at the beginning of each 

time interval is equal to the non-converted 

energy at the beginning of previous time 

interval plus demand to meet end-use 

loads, while constraints set (11) ensure the 

non-negativity variables. 

 
( ) ( ) )st,s()t,u(Dt,uEt,uE GenGen +−= 1  (10)

               

)t,s,u(,)t,s,u(X),,()s,u(Y  010      

(11) 

This problem is now a mixed-integer 

linear programming (MILP), with two 

binary decision variables.  It can be 

reliably solved by commercial 

optimization packages. The corresponding 

MILP formulation has been optimized 

using LINGO software version 12.0 [38], 

based on objective function and various 

constraints. 
 

2.3 Case study farm 

 Keeping in view, the present study 

was proposed to optimally energize 

poultry farms through biogas is generated 

from droppings, and is converted to 

electricity or heat. The model is based on 

the interaction between literature 

information and numerical databases, 

derived from the Agricultural Research 

Institute. Data however, was directly 

collected and interviews carried out by the 

researcher with breeders and from 

Agriculture Ministry Information Center 

in Egypt. Hence, survey was conducted 

for one layer farm energy needs during 

October 2009–February 2012, which the 

year (2010) is considered the base year for 

this study. Considering the feasibility of 

upgrade and promotion serves in poultry 

farms, it has been examined how biogas 

energy potential could be preferentially 

used for meeting the energy needs of the 

farm. Especially, options for energy 

supply are paid the most attention for 

overall farm area. As an environmentally 

friendly technology with high efficiency 

and low CO2 emissions, biogas based 

energy conversion systems are selected 

and analyzed in a detailed way. The farm 

that has been selected to apply biogas 

technology is located at Zayan village, 

Belkas centre, Egypt. The farm has 4 

houses, each of which is occupied by 

18700 birds which have an average 1.6 kg 

of weight. Breeding area of farm studied 

in this paper is typically closed building 

for which artificial lighting and ventilation 

is required throughout the year and has a 

total floor area of 6236 m2. In order to 

assess biogas production and its use in the 

poultry farm, the equation was based on 

the assumption that daily manure yield is 

equal ten percent of birds live weight [16]. 

It is possible to calculate roughly the 

biogas production from an AD system in 

relation to the composition of the dung. 

Therefore, such calculations are based on 

average values and they do not take the 
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process parameters into account (digester 

efficiency, the loading rate of waste and 

its temperature and dilution). This is 

mostly because the expected biogas yield 

used in the analysis is the default value. 

The net thermal energy was calculated as 

a difference between the energy output 

from total gas yield and the energy needed 

to heat the influent and to compensate the 

energy losses from digester to the 

environment and any process energy 

fraction (for agitators and pumps). 
 

2.3.1 Energy demands.  

 Heating is only used during winter 

and cooling is used during some days of 

the summer when temperatures are above 

35 oC. Furthermore, data regarding several 

aspects having an important bearing on 

farm energy planning are not readily 

available in published statistics. Hence, 

the daily load values of the energy used 

for space heating of the farm building 

were assessed according to the Intensity 

data of [29] around the whole year under 

Egyptian weather conditions and based on 

the climatic data corresponds to the base 

year for this study (2010). The entire 

values of average climatic (outdoor 

temperature and air relative humidity) 

were taken according to published 

documents concomitantly studying year to 

estimate the energy consumption for space 

heating which typically accounts for 

several equations can be calculated based 

on [7]and [9]. The annual average 

temperature is about 25 oC. The coldest 

month is January with monthly average 

temperature of about 13 oC, and the hottest 

month occurs usually in July with 

monthly average temperature of 37 oC. 

For the analysis, the year is divided into 

two seasonal periods. Period 1 (November 

to April) is considered to be a winter 

period with only a heating demand. Period 

2 (May to October) is considered to be a 

summer period.  
 

2.4 Other assumptions.  

 As mentioned earlier, biogas is 

assumed to be comprised of 60% CH4 and 

40%CO2 by volume. The calorific value 

of methane was used in these calculations 

is assumed to be 37 MJ/m3. Depending on 

the size of the farm to which the model is 

applied, more accurate and technical 

specific information may be available for 

some of the parameters’ values. It was 

assumed that all the biogas will be 

consumed for heat and/or electricity 

generation. It was also assumed that all 

the heat and/or electricity will be 

produced on-site and will be consumed by 

the farm itself and digester. The supposed 

engine-generator as an electric power unit 

is of 59.5 kW scale operating at 85% of 

the total capacity and has electric 

generation efficiency of 23 %. On the 

other hand, a heat power unit using biogas 

as a fuel to cover the heat (space heating 

and hot water) load was assumed at an 

efficiency of 90 % and is assumed to be 

operated at full capacity.  

 The calculations for cost and 

generation require a number of parameters 

that are specific to the source being 

analyzed. Many of these parameters are 

subject to variability. For example, the 

cost of a ton of fossil fuel has fluctuated 

greatly in the past few years, and the 

average cost per ton increased more than 

20% between 2009 and 2014. Due to the 

changing cost structure of traditional 

fossil fuel sources, therefore, the model 

supports user inputs for specifying the last 

cost is 1 L.E./liter. Capital costs used in 

the calculations for the assumed 

conversion technologies are drawn from 

the market survey data. The capital costs 

are 1100 L.E./kW of the system that 

producing electricity from biogas and 66 

L.E./kW of the system that producing 

thermal energy from biogas. For 

economic evaluation a discount rate of 

10 % and 15 and 20 years operation times 

have been assumed for electrical and 

thermal power units respectively. Only 

CO2 emissions embedded in electricity 

and heat from generator and direct 

combustion system are considered and the 

estimated CO2 emissions factors of two 
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systems are 1.26 kg/kWh and 0.323 

kg/kWh respectively. Moreover, the value 

of carbon tax or emission cost is 0.108 

L.E./kg CO2 as reported in [12]. While the 

variable costs include operation and 

maintenance costs at 5% of capital cost 

and fossil fuel only to start generator is 

0.088 L.E per MWh power produced and 

cleaning biogas is 0.12 L.E per MWh 

power produced. Finally, biogas cleaning 

system capital cost which is considered as 

additional variable cost items was 

assumed to be 2 % of capital cost and 

labor cost as fixed cost is 10 L.E./day. 

 Applying sensitivity analysis, 

optimal solution could be examined on the 

utilization rate of biogas energy 

availability of each conversion unit in the 

model. These changes will affect the 

whole biogas utilization schedule, 

meaning e.g. that when the biogas 

products is not in a position to contribute 

at its highest potential then conventional 

sources will be chosen to cover this 

default by the biogas facility. 
 

3. Results and discussions 

 The application of the LP model 

provided the optimal allocation of the 

biogas energy for the scenario considered. 

As the base scenario for evaluation of two 

utilization routes of biogas energy on-site, 

were assumed. The electricity is served by 

assumed generator that has a net 

generation capacity of 59.5 kW and 

biogas fired furnace is employed for 

heating (both space heating and hot 

water). On the basis of the information 

related to surveyed farm, the expected 

biogas yield from the farm waste is 

920.11 m3/day and has a potential 

contribution of 20426 MJ/day. The Data 

of heat and electricity demands used in the 

analysis and optimal generation are shown 

in Table 1. Taking the whole year as an 

example, the potential of dung power for 

electricity and heat generation has been 

estimated as 2042.4 MWh/yr. In order to 

gauge the annual energy requirements, 

heat and electricity demands were 

calculated as approximately 359.78 

MWh/yr and 364.95 MWh/yr, 

respectively. In the following, the optimal 

allocation strategy of the biogas energy 

and the economic and environmental 

effects of the energy routes are discussed. 
 

3.1 Optimal allocation schedule  

 In this study, the optimal 

allocation strategy has been executed from 

the economic point of view. The study 

assessed the biogas potential, demand 

estimation and evaluation of unit cost of 

energy. The potential use of the biogas 

has been done using the standard methods. 

The success of energy utilizing depends 

on accurate estimation of energy demand 

and energy availability. Thereby, the 

quantum of utilized energy will make the 

plan successful.  The solution strategy is 

to create feasible production plans through 

generation-demand optimization from 

single resource of fuel is biogas product. 

This generates a set of possible solution 

routes. Integer variables (decision 

variables) conducted the selection 

generation route and gave the ability to 

exclude a previous integer solution that 

may be implemented. They try to build a 

feasible solution for the problem by a 

number of iterations on the linear 

programming solution. At each iteration, 

capacity constraints and objective 

function coefficients are modified in the 

linear program to account for the energy 

converted and the costs incurred by the 

setups on energy conversion units. Then a 

combinatory optimization was performed 

to select the set of quantities that yields 

the lowest total cost with the time vector 

constraints. The iterative analysis of 

optimal utilization routes for each 

conversion unit was conducted in which a 

sequence of improving approximation 

solutions (i.e. improved energy unit cost) 

were analyzed in conjunction with 

technical aspects, as a scenario that may 

appear economically attractive may not be 

technically feasible.  
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 From the optimal utilization point 

of view, the results of the model are that 

answer of how much of each product 

should the farmer produce in each period 

at minimum total cost (suiting the 

objective function and constraints). The 

Model wants to attain the optimum 

distribution in order to perform the final 

demands for heat and electricity. In other 

words the model tries to convert all the 

available energy for energy purpose in the 

solution. Therefore, we assumed that the 

losses associated with converting biogas 

energy is neglected and no changing in net 

available power through process.  

According to the Table 1, It is obvious 

that the model converts large amounts of 

biogas energy to electrical power unit 

when demand is relatively high and not 

exceeded the limit of available power, 

while it converts relatively small amounts 

of biogas energy to heat power unit when 

demand is relatively small and not 

exceeded the limit during the same period 

of time. So, the heat and electricity 

productions represent 19.32 and 73.75 % 

of the yearly available energy, 

respectively. 

As shown in Fig. 2, the energy required 

for electricity generation is increased in 

hot months rather than required in cold 

months. For hot months it can be found 

that most of the available energy is 

converted to electricity and the amount of 

electricity produced is uniform. Thus, a 

fraction of this yield, in this case, amount 

of biogas energy, has to be shipped to 

other equipment is electrical power unit in 

order to use it completely in heat needs. 

Even with a highly conversion coefficient 

of heat power unit rather than electric 

unit, for hot and cold months most of the 

energy supply is allocated into two end-

uses are close to the demand of each.  

Although electricity supplied by electric 

power unit is more expensive than 

combustion system, the lower conversion 

efficiency of this power unit results in an 

allocation of biogas energy within the 

year. Whereas the rest is supplied in equal 

proportions to heat power system for 

operating digester because the heat 

demands in this period have similar 

running schedules. Thus, reducing the 

need for grid electricity to operate digester 

or parasitic load.  

Although the result shown above is 

determined optimally from the viewpoint 

of economics, it is not satisfactory from 

the energy saving viewpoint because 

unutilized biogas energy may be disposed 

of sometimes. As it is apparent that both 

electricity and thermal energy demands 

fluctuate seasonally and the demand in 

electricity was varied independently from 

hot to cold months.  Both heat and 

electricity outputs in hot months are found 

to be equivalent 119.88 and 900.45 MWh 

and correspond to 11.74 and 88.18 % of 

the available energy used, respectively. 

On the other hand, the heat and electricity 

outputs in cold months are found to be 

equivalent 274.75 and 605.81 MWh and 

correspond  
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Table (1):  Comparison of demand and generated energy in cold and hot periods.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): The available and generated energy balance for heat and electricity every  

month. 

 

 

 

 

 

to 26.90 and 59.32 % of the available 

energy used, respectively. As mentioned 

previously, the model was formulated 

using demand and available constraints.  

 

 

 

 

 

 

 

 

 

Although occupying a large conversion 

efficiency to produce thermal energy rather 

than electrical energy in hot and cold 

months, model commits portions from 

available energy only to satisfy demands 

and guarantees that the capacity of every 

order each month is not exceeded. Based 

on the results, the electricity generated by 

the optimal solution is sufficient to meet 

93.2 and 97.6 % of the demand electricity 

in hot and cold months, respectively. Also, 

the heat generated by the optimal solution 

is sufficient to meet 96.1 and 99.9 % of the 

heat demand in hot and cold months, 

respectively. This behavior is excluded 

only 6.93 % of the total available energy 

which equivalent to 141.54 MWh is not 

exploited in cold months. On the other 

hand, the deficiency in energy demand for 

producing electricity and heat together is 

equivalent to 85.63 MWh/yr corresponds 

Period Month 
Heat (MWh) Electricity  (MWh) 

Demand Generated 
Utilized 

Power % 
Demand Generated 

Utilized 

Power % 
W

in
te

r 
(1

) 

NOV 43.43 43.39 28.30 27.51 27.52 70.31 

DEC 53.63 53.58 34.98 20.27 20.28 50.81 

JAN 49.49 49.44 32.28 17.91 17.91 45.75 

FEB 38.15 38.11 24.88 16.91 19.92 50.88 

MAR 34.15 34.12 22.27 25.31 25.32 64.69 

APR 28.67 28.64 18.70 34.87 31.56 80.61 

Total 247.52 247.27 26.90 142.77 139.4 59.32 

S
u

m
m

er
 (

2
) 

MAY 18.71 17.98 11.74 35.19 34.52 88.18 

JUN 18.71 17.98 11.74 36.15 34.52 88.18 

JUL 18.71 17.98 11.74 43.23 34.52 88.18 

AUG 18.71 17.98 11.74 36.91 34.52 88.18 

SEP 18.71 17.98 11.74 35.31 34.52 88.18 

OCT 18.71 17.98 11.74 35.39 34.52 88.18 

Total 112.26 107.89 11.74 222.81 207.1 88.18 

Aggregation Power 359.78 355.16 19.32 364.9 346.4 73.75 
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to 4.2 % of the total available energy. It 

now appears certain that the solution has 

gone to the most attractive operational 

mode that is found to be running 

continuously in all year. This is because 

the optimum solution for the energy system 

as described above gives the best allocation 

from an economic perspective assuming 

that generated energy from biogas cannot 

be stored in the long term. Finally, the 

optimal solution only from the economic 

viewpoint conflicts with the energy saving 

perspectives to some extent. This result is 

in harmony with that characterized by [3]. 

 

3.2 Economic and environmental effects 

 The objective is to minimize the 

cost of producing electricity and heat 

according to the demand without explicitly 

considering emissions. Moving close to 

this scenario, Fig. 3 shows overall trends in 

total annual cost of the energy utilization 

system when normalized by total final 

energy demand (total system cost includes 

the annualized capital and operating costs, 

as well as the cost of imported fuels and 

maintenance for the conversion 

equipment). The annual cost associated 

with optimal solution is 29 695 L.E. per 

year involved the cost of carbon dioxide 

emissions and the associated annual 

emission of CO2 is 553 ton per year. As to 

the environmental merit, CO2 emission 

costs were also estimated independently 

from the cost objective. This scenario 

resulted in 115 and 438 ton per year of CO2 

emissions from converting biogas to heat 

and electrical energy, respectively.  

 Based on the model outputs, the 

reduction ratio of CO2 emissions illustrates 

certain trend as the increase of demand 

scale. However, the reduction ratio of CO2 

emissions will be increased to 30 % if 

electricity is generated and to 82 % if heat 

is generated.  The indicated reduction in 

CO2 emissions comes at an annual 

generation cost of 7710 L.E./year for 

electricity and 146 L.E./year for heat, 

respectively.  Therefore, converting biogas  

to electricity is not always better than heat 

at any month because that will contribute 

to a rather negative environmental impact 

achieved due to the reduction of CO2 

emissions. For example, as to electricity 

production case, the results have more 

emissions than heat production case which 

has larger conversion efficiency and higher

 
Fig. (3): Economic and environmental effects at different rates of outputs. 

 

energy demand. This is partly because the 

relatively larger electrical demand and lower 

conversion efficiency are included and 

combustion fuel at the start of operation is 

considered. Unreasonable supplying of 

biogas energy and poor operational 

strategy emissions. The environmental 

merit is also increased due to excessive 
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generation of heat and electricity from biogas 

energy compared to the conventional 

resources.  

 

Furthermore, from this figure, it can be 

found that the economic merit is always larger 

than the environmental one at various scales. 

This is partly because of the economic 

objective which has been assumed in this 

study. Compared with the scenario of 

conventional systems which are being 

certified in operating farm in reality, the cost 

reduction ratio regarded to supply farm by 

energy is increased by about 84 %. This is 

because the converted energy is sufficient to 

meet 94.93 and 98.72 % of the total annual 

electrical and thermal energy requirements, 

respectively, in place of conventional 

resources. If the installation of anaerobic 

digestion facility was taken into consideration 

in economic performance analysis with the 

biogas utilization model, the total annual cost 

reduction ratio would be increased to 7 %. 

Along with the increased consumption of 

energy resources especially fossil fuel, the 

energy prices (e.g. electricity, gas, etc.) are  

 

expected to have a continue increase in the 

following years. Under this consideration, the 

generation cost is the most important factor 

affecting the total annual system cost, is 

analyzed by increasing the rate of annual 

production until twice of current quantity.  

 

3.3 Results of sensitivity analysis 

A sensitivity analysis has been 

conducted in order to explore the changes in 

the energy generation cost and to understand 

the influence of key parameters on the 

decision to accept the proposed solution 

related to the model outputs or not and 

obtaining further results.  In particular, the 

results of sensitivity analysis indicated the 

impact of changes in capital costs, annual 

O&M costs, the interest rate, lifetime, 

conversion efficiency and equipment capacity. 

The sensitivity analysis has been solved by 

fixing a value for the unit cost of energy on 

yearly basis for each conversion unit. The 

evaluation of unit cost of energy has been 

done using the standard methods. Unit 

cost of energy sharply responds to 

changes in capital costs. This indicates 

that in evaluating the system proposals, 

attention should be focused on ensuring 

that the estimation of capital costs is 

properly done. As for the other 

parameters (i.e. annual O&M costs, 

interest rate and lifetime) their impact is 

relatively minor. The results indicated 

that the level annual cost of energy has 

been computed as approximated 0.0375 

L.E./kWh of generated electricity and 

0.001 L.E. /kWh of generated heat.  

 

According to the optimal value 

illustrated above, the biogas utilization 

model supplies about 94.93 % of the total 

electricity demand as well as supplies 

about 98.72% of the total heat demand. 

In the following, by changing the 

quantity of generated electricity, its 

effects on the optimal electric power unit 

size and corresponding economic and 

environmental performances are 

analyzed. The variation of the unit cost of 

energy with respect to the quantity of 

generated electricity is shown in Fig. 4. It 

can be observed that all the key 

parameters are sensitive to generation 

cost. The slope of the lines associated 

with different values examined; represent 

sensitivity of cost of energy with respect 

to the capital cost, electricity generation, 

capacity factor, and conversion 

efficiency. High value slope line for 

analysis indicates that cost of energy 

increases/decreases sharply with 

variation in the size of conversion system 

and vice-versa.  
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Fig. (4): Effect of some electric power system 

characteristics on unit cost of energy. 

 

 

 

 

According to the Fig. 4, the sensitivity 

of the capacity factor is examined and 

compared for various demands of electricity. 

Along with the increase of the rated capacity, 

unit cost of  energy illustrates a trend of shift 

from increase to decrease one for optimum 

point. The unit cost of energy does not show a 

linear decrease to the rated capacity scales.  

An increased in capacity level by 18 % means 

a decreased in unit cost of energy to 8 %. It is 

interesting to notice that the increasing of the 

size of electric power unit up to 70 kW is only 

introduced from the sensitivity analysis 

resulted in reduction in unit cost of energy 

equivalent to 0.0345 L.E. /kWh. Moreover, 

the amount of electricity produced is not 

uniform over the life of the equipment.  The 

effect of the capacity factor of heat power unit 

have not been included in the analysis; 

however its potential impact can be assessed 

by assumed the firing system of heat power 

unit is able to convert all biogas energy 

availability.  

 

 Furthermore, looking into the figure, it 

can be found that the unit cost of energy is 

greatly affected by the total capital cost. As 

the total capital cost is as high as twice of 

current value, the unit cost of energy is 

increased from 0.0375 L.E. /kWh to 

0.0587 L.E. /kWh. As the variable costs 

is increased to twice of current value, the 

optimal level annual cost of producing 

electricity from 0.0375 L.E. /kWh to 

0.0462 L.E. /kWh. This fact is due to the 

high installation cost: to contrast the 

higher costs, it is necessary to treat a 

large quantity of waste rather than that 

was suggested in the optimal solution. 

Moreover, the energy system itself is a 

barrier as it is not proven yet. 

Furthermore, the initial investment cost 

for the installation is also a barrier for the 

farmer.  

 

 

 

 

Fig. (5): Effect of efficiency on 

level annual cost of energy. 
 

The analysis is optimistic as it is 

assumed that efficiency is constant at 

operational mode (continuously), 
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whereas the energy conversion deficits were 

existed because of the small conversion 

efficiency of the electric power unit so the 

conversion was not matched to all electricity 

demand. The conversion efficiency is set of 

about 23 % is the turning point, which 

validates the analysis illustrated above. When 

estimating the level annual cost for producing 

electricity, conversion efficiency is not varied 

stepwise according to the rated capacity of 

electric power unit in analysis. The increasing 

in efficiency by 9% achieves the same level 

cost of energy so that it can be utilized excess 

quantity of biogas energy by selected other 

generator has an efficiency of 25%. The 

relative change in level annual cost increases 

from a negative value to appositive one. Thus 

the effect of which can be seen by referring to 

the sensitivity analysis in Fig. 5. Any increase 

in conversion efficiency of the heat power 

unit would not increase the unit cost of 

generation energy. It is concluded that the 

electricity generation cost are more affected 

by variation of capital cost, capacity factor 

and efficiency as compared to heat production 

cost. 

 

4. Conclusion 
 The biogas utilization model was 

formulated for two end-uses to optimally 

energize layer farm through its wastes. Linear 

Programming (LP) using LINDO software has 

been used for the optimization of utilization 

model. The model is ensured to utilize biogas 

energy for operating digester instead of the 

auxiliary resource results in a lower system 

cost. Under this consideration, the generation 

cost is the most important factor affecting the 

total annual system cost. The model also 

considers the objective of minimizing annual 

system operating costs and allows a farmer to 

balance annual generation costs against the 

corresponding energy demands, and it 

provides significant support for the designer 

or operator of an energy conversion unit. 
 

 Through a numerical example about 

assumed electric and heat power units, the 

effectiveness of the proposed method has been 

proved. It has also proved that optimal 

rational operation and production 

capacity are very important to achieve the 

maximum economic merits of utilization 

system. By the optimal solution, in whole 

year biogas energy introduced as a part of 

the energy supply, mainly in winter and 

summer seasons for energy requirements. 

This result turns the reliability of model 

highly dependent on stable supply of 

biogas energy. The total utilized biogas 

energy was found to be equivalent to 

1902 MWh/yr that corresponds to 93% of 

the available energy. Electricity and heat 

generation equivalent to 346.44 and 

355.16 MWh/yr and will cover a great 

part of the electricity and heat 

consumption on farm correspond to 

94.93 and 98.72 %, respectively. These 

quantities are enough to displace 

conventional sources. Furthermore, good 

waste handling will contribute to a rather 

positive environmental impact achieved 

due to reduction of CO2 emissions. 

Therefore, it is expected that the biogas 

energy may play more and more 

important role in the future climate 

change programs. 
 

 The sensitivity analysis quantities 

the effects of some parameters to reduce 

unit cost of energy. Clearly, it is 

important to consider the impact of 

technical factors (such as electrical and 

heat generation efficiencies) when 

assessing the impact of specific electrical 

and thermal generation incentives 

schemes. These factors affect not only 

the feasibility of electricity and heat 

generation extensions, but also the scale 

of farm electrification. The sensitivity 

analysis of biogas utilization model also 

reveals that the multi-conversion can be 

more suitable to the poultry farm, even if 

the fuel price fluctuates with external 

circumstances. Furthermore, the optimal 

solution and corresponding economic and 

environmental effects are more or less 

sensitive to some key parameters 

including the scale of energy demand and 

the operational and management (O&M) 
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costs. 

The model supposed some assumptions, 

which may bring obstacles in planning biogas 

energy in-situ. For instance, for data 

restrictions, only two representative 

conversion technology types are considered; 

and the capacity of the energy production are 

based on hypothesis. Besides, due to the 

complex situation of energy market, further 

improvements of the model are needed in 

order to optimize biogas producing rates using 

the hourly load values of electrical and 

thermal (electricity, cooling, space heating 

and hot water) loads for various types of 

poultry farms around the whole year in terms 

of the energy consumption intensity data. The 

model developed and applied in this research 

can be expanded beyond analysis of biogas 

supply with the inclusion of energy recovery. 

This will require a larger scope for the 

digestion process in order to include end-use 

devices and useful energy demands. 
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