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Abstract: - The main goal of this work is to find economical alternative energy supply solution for poultry industry
in Egypt. By studying the economic feasibility of using hybrid renewable energy resources as main source of power
for existing poultry farm in Egypt to reduce existing operational cost of energy and add resilience and reliability
dimensions for the operation of poultry farm in rural locations. In addition to reducing the environmental impact of
using poultry litter in its fundamental form. This hybrid system connected to grid is used in the company to avoid
instability problem in which the company suffered when they applied biomass energy source as main power source
to their farm in Lebanon. The grid will be used as energy storage during the excess energy production form the
hybrid system and to add some resilience and reliability dimensions to the hybrid system to prevent instability to
the farm ‘s grid due to the high penetration of renewable energy. The economic feasibility is evaluated of this
configuration using HOMER versus different configurations and sizes for these systems including the existing
situation of depending only on grid as main source of energy. The results showed that the best configuration is 400
kW biomass generator, and 500 kW PV plant will satisfy the average demanded load of 9660 kWh daily with using
the grid as backup energy source. The cost of energy for this configuration will be 0.0894 $/kWh which is lower
than continuing existing situation depending on the grid as main source of power in which its Cost of Energy (COE)
will reach during the lifetime of the project to 0.184 $/kWh due to the increase in COE in Egypt by 8%.
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1 Introduction foremost ventilation, lighting, heating, cooling, and the

Economy, Energy, environment, and sustainability are electric motors that operate the feediqg lines [4].
four interrelated areas taking a shortest connection for ~ Consequently, to power the previous mentioned poultry
the growth of all countries [1]. At economies of house equipment, it is preferable to use renewable
precipitously rising developing countries, the CNErgy systems to design system to fulfill these
continuously demand on electricity is growing. The  requirements. Mest of renewable energy resources such
electricity is considered as one of the leading factors in S solar, tidal, Wmd_’ and biomass are ﬂuctuatu.lg due to
a rising economy, besides growing need sets enormous ~ hature or vary during the season or the daytime. To
pressure on energy infrastructure of the countries to  Aattain reliability, it is possible to corpbme more than or
meet these needs. Draining gas, in addition to oil ~ €qual two energy sources such as wmd, biomass, solar
reserves, joined with rising worries of environmental ~ Photovoltaic and connected to grid optimally to have a
pollution, have explored to find the suitable energy hybrid generation system [5]. '
from renewable resources available [2-3]. Economlgts cons%d.ered Poultry products. being as
Also, the demand on electricity shows an essential one of the highly critical resources of pro'teln of low-
role in housing of poultry. the electricity is used in ~ €OSt, Wherever the red meat (animal meat) is extremely
different applications inside poultry houses, first and ~ €xpensive as contrasted with the white meat (poultry
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meat). As well as the latter is extreme economic profit
categorizes poultry production because of short
production cycle, the types of animal production is also
associated with capital speedy in which poultry
production cycle is around seven to eight weeks in the
meantime the production bovine cycle is around three
to twelve months. Consequently, at production cycle of
poultry, the cycle of capital can be frequent 7 periods
around the year. Similarly, the production of poultry
requires a smaller area rather than what production of
further animal’s needs. The production of Poultry can
subsidize to solve the problem of the unemployment.
[6-8]. Also, the production of Poultry can subsidize the
strategy of security state of food and the policy.

The present situation of energy in Egypt indicates
that traditional energy sources cannot meet future
energy demand besides an increase in the cost of
energy, which directs to surge in products cost. In
upcoming years, it is necessarily to shift from
traditional resources to resources of renewable energy
to meet the demand of energy for various parts,
especially remote areas, in addition to differ
applications. Hence, the combination of renewable
energy that can extracted from litter that comes out of
poultry and cattle houses have countless potential to
increase supplies of the food with a natural resource of
energy which does not generate pollution to the air or
cause problem to global climate, particularly at the
private food sector.

One of the big companies at the private food sector
working in the poultry field in Egypt called WADI
group (WQ) is planning to transfer all their poultry
farms to the Western desert in Egypt near Aswan due to
biosecurity. The location of the farms has a promising
opportunity to use and integrate renewable energy such
as biomass and solar energy with the Egyptian national
grid to power the farms and reduce the cost of energy,
which inevitably affects the cost of products. The
principal aim of this article is to study the economic
feasibility and design optimum size of grid connected
renewable energy configuration that capable of
fulfilling the needs of farms with a consumption of
9,660 kWh/day and initial peak load around 712.9 kW
to supply poultry houses situated near the Aswan
governorate at Egypt. So, to fulfill the requirements of
load, and mitigate the variations due to non-linear
seasonal along with equipment limitations achieves the
best configuration of hybrid renewable energy
resources for the poultry houses. So, to reach this goal,
The purchased license of the application of the National
Renewable Energy Laboratory's (NREL) software
called "Hybrid Optimization Model for Electric
Renewable (HOMER) version 3.13.3" is used to size
the system, as well as optimize. This study is different
than other studies such as [9] by applying the concept
of hybrid PV- Biomass with on grid system on the
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bigger application scale and bigger size of system and
using the grid as energy storage instead of using
batteries which will also play role in stability of farm’s
grid. This study aims to support the company vision for
decreasing the cost of energy used to operate their farm
in rural area at desert and add resilience and redundancy
dimensions for the existing situation by using the
existing available renewable energy resources at the
location of farm to decrease dependence on the national
grid at this rural location. The work also aims to solve
main problem that faced the company at their branch in
Lebanon when they applied only waste to energy
technology for poultry farm and had instability issue for
the farm’s grid in Lebanon as connecting only biomass
generator. This work illustrates of the benefits of
combing different renewable energy resources with grid
to solve the fluctuation energy generation problem of
renewable resources. This paper is organized as follow:
section 2 identifies the methodology that is used to build
the model for the proposed system. the system design
and analysis for the load types inside poultry houses are
reviewed in section 3. section 4 shows the result of
simulations of different configurations and illustrates
the best economical feasible configuration of the system
with more technical data about the consumption of fuels
and energy imported from the grid during the life cycle
of the project., and finally, the conclusions,
recommendation and future work are stated in section
V and VI, respectively.

2 Methodology

The national renewable energy laboratory in USA
developed HOMER software for designing optimally as
well as evaluates the economic feasibility of the grid
connected with solar and biomass energy generation
system. The mentioned tool (HOMER) is considered as

effective program for the best possible sizing,
designing, and arrangement of grid connected
renewable energy generation systems through

evaluating techno-economic analysis for both on & off
grid-connected energy generation systems. The inputs
are entered on HOMER such as electrical demands to
accomplish the simulations based on different
configurations for energy generations systems with
different combinations of components to generate the
most optimally configurations for the energy
generations system then arranged those configurations
in ascending order according to lowest COE and Net
present cost (NPC). The HOMER’S goal is to minimize
the objective function that subjected to required
constraints, as any other optimization tool such as GA,
PSO and Linearized Biogeography-Based Optimization
(LBBO) [10-11], to optimize the configurations of
energy generation systems.

In this analysis, in HOMER, the net present cost is
considered as the objective function, in which is the
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present cost of system without the adding the returns.
connecting to grid, power balance, and other technical
constraints are considered as the constraints. it
simulates the system configurations through balancing
the energy at every hour then calculate the total electric
demands for each hour where a system generates
possibly [7]. the analysis features inside HOMER
illustrates penetration percent of renewable energy
generation systems as well as the impact of connection
the load to the grid on both cost of energy as well as net
present cost. The program accomplishes the analysis of
pre-feasibility and do the optimization for design of the
micro-grid energy generation systems at designing
phase before its installed.

Typically, HOMER program can perform 3 tasks
through simulating all the possible configurations,
doing analysis for sensitive parameters, in addition to
optimize the best configuration [12]. Previous to
HOMER performs the based analysis for the grid
connected solar/biomass energy generation system,
assessing the load requirements for the poultry farms,
and the available energy resources on the farm.
performed a Pre-HOMER analysis.

Later, the user fed the load data into the software
interface and using available equipment in the software
performed analysis for the hybrid micro grid connected
energy generation system, components, grid, and Loads
are considered as 3 key types of hybrid renewable
energy generation system's equipment. at this article,
loads are electric loads, along with the components are
biomass generators, PV, plus the electric grid. HOMER
modeled the characteristics of these components.

HOMER also considered Constraints for the
sensitivity analysis according to the system
requirements for life cycle cost analysis. the user can
perform post-analysis to determine the final decision
compared with on the market energy costs.

These energy market prices include the supply tariffs
set by public sector distribution companies of Egypt.

2.1 Demand Evaluation

The grid connected PV- Biomass energy generation
system is configurated to meet the demand
requirements of the poultry houses inside the farm. The
poultry farm is located at the Western desert near
Aswan in Egypt. The main electrical demand
requirements at the farm are driven by operational
equipment, mechanical and electrical systems needed
inside the farm, such as lighting systems, feeding lines,
cooling pumps, and ventilation. The demand evaluation
was accomplished precisely through calculating the
electrical demands of 34 poultry houses located at the
farm during the summer at peak time in which the
Poultry farms electrical needs reach peaks. This demand
calculations of 34 poultry houses located at the farm are
listed in Tables 1, 2, and 3, respectively. The peak
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power load for the farm will be 712.9 kW, while the
energy demand will be 9666 kWh/day.

Table 1. Equipment quantity and Consumption

Type of # of units per kw/

Equipment house unit
Fan 8 1.119

Lighting 130 0.02
Cooling pump 4 0.746
feeding line #1 6 0.5595
feeding line #2 3 1.119
Feeding pump 2 93.25

Table 2. Schedule of operation For Fans/ poultry

house
Working #fans | #fans | #fans | #fans
time at at at at
Jan.- Mar .- May- | Oct.-
Feb. Apr Sep. Dec.
Sam-9am 2 3 4 3
9am-11 am 3 4 6 5
Ilam- 1 pm 4 5 7 6
1 pm-4pm 6 7 8 7
4 pm—6 pm 5 6 8 7
6 pm -7 pm 4 5 8 7
7 pm—9 pm 2 3 6 5
9pm-5am 1 2 4 3

Table 3. Schedule of operation for lighting, Pumps
& Feeding lines

No. Equipment type Time of operation
1 Lighting 5:00 am - 4:00 pm
2 Cooling pump 24 Hours
3 Feeding pump 8:00 am - 6:00 pm
4 feeding line #1 & #2 | 5:00 am till 6:00 am

The daily electric load profile of the farm is
displayed in Fig. 1. The demand is obviously varying
throughout 24 h of a day, the peak electrical demand is
always at the mid of day either in summer or winter.
This peak happened due to the increasing in number of
operating fans that are used in cooling and ventilation
inside the poultry houses either in winter or summer to
keep the air condition and humidity inside the houses
constant as per company’s requirement. The load
consumption starts to decrease as the heat decrease.
Other types of loads have constant consumption during
summer or winter but vary during the daytime. From
Fig. 2 the pattern of a load profile is the same across the
year, while the different point is the scaling of load
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profile during the summer versus the winter. In the
summer, the scale of the load profile is more significant
than in the winter. This increase in scaling at summer
appears clearly in Fig. 3.
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Fig.1 Daily profile.
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Fig.3 Scaled power monthly averages

2.2 Accessible resources evaluation.

For the present case, as the grid connected PV-Biomass
energy generation system is considered. So, the
available data that gives the comprehensive evaluation
for the existing energy resources such as biomass and
solar energy which illustrates as following:

2.1.1 Accessible solar energy

HOMER solar radiation data are used at the location at
North: 22° 59'29.4" & East: 31° 29'34.5. this data is
given from "National Aeronautics and Space
Administration (NASA) surface meteorology and Solar
Energy Database." NASA reported the annual scaled
average solar radiations at this location is 6.24
kWh/m?/day, in addition to it was found the maximum
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solar radiations will be 7.752 kWh/m?*/day. As per the
available data, the location of the farm has great solar
potential as well as can efficiently generate energy
through using PV panels. The below profile showing
solar radiation and clearance index generated by the
HOMER at this location is revealed in Fig. 4.

9
8

W Radiation
Clearess 09
7 08
61 ® . — = . . o7 3
05 2
5 o
05 §
04 E
03 ©
02
1
0 T0
s ¢ & 8 s 5 £y 3 F ; ¢
¥ & ¥ + & ¥ ¥ e o o &£ &

Fig.4 Monthly average solar GHI data from NREL
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2.1.2 Biomass resource assessment

Biomass is considered as one of the most vital energy
resources, that contains a huge range of various types of
fuels with diverse compositions of chemicals coupled
with combustion attributes. Its consumption is vital
from energy source an energetic and an environmental
perspective. in Egypt, the main 4 types of biomass
energy sources that represents the potential of biomass
energy sources are included agricultural residues
(dedicated bioenergy crop residues), municipal solid
wastes, animal wastes, and sewage sludge.

In [13], it illustrated the negative impact of using
poultry litters as fertilizers in agriculture besides its
impact on the environment. So, in this project, due to
the availability of poultry litters from poultry houses
that had great potential to convert it to electricity as well
as the remote location of the farm from the agriculture
area, it is recommended in [14-15] to use a biomass
Fluidized bed gasifier. in this study, the Last 3 years
data in Fig. 5 for production of poultry litters at WADI
GROUP farm were taken into consideration to find the
average expected amount of poultry litter production on
monthly basis as illustrated in Fig. 6.
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Fig.5 Poultry Litter production at WADI Group during
last three years.

Volume 16, 2021



WSEAS TRANSACTIONS on POWER SYSTEMS
DOI: 10.37394/232016.2021.16.7

6.000
5.000
4.000
3.000
2.000

1.000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig.6 Average poultry litter production

3 System design & analysis

In this on-grid hybrid energy generation system of PV
and Biomass, the three main components will include
the PV panels, Biomass generator and grid are used to
calculate the feasibility of this on grid connected hybrid
energy generation system, HOMER is used to compare
the different combinations of configurations from these
3 main components to fulfill the requirements of
demanded load and achieve the lowest NPV and COE
for the proposed system to reduce the operational cost.
So, it is used to reach this target the search space feature
at HOMER in which it is providled HOMER with
available sizes at the market for both biomass generator
and PV plant in addition to the available capacity of
energy exchange with national grid through the
overhead transmission line to compare between different
configuration to find the most optimum configuration
and sizing that meets the load requirements. The
modeling of those components at HOMER will be as
follows.

3.1 Photovoltaic panels

In proposed study, HOMER has searched at several
available solar modules of different capacities in blend
with the generator of biomass through the search space
option for the sizing of PV plant to meet the requirement
of load during the daily profile of highest peak
demanded load. It is used in this mode polycrystalline
silicon Photovoltaic modules ‘s type with a MAX. rated
power of 250 W [16], the nominal voltage of 31.02 V,
plus current of operation is around 8.06 A. the initial cost
of the photovoltaic arrays in Egypt is 2500 $/kW [16]
with expecting lifetime of 25 years. The full details of
solar modules used for modeling and simulating are
itemized in Table 4.
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Table 4. Photovoltaic Panel parameters

No. Parameter Unit Value
1 Capital cost $/ kW 2500
2 Replacement cost $/ kW 1500
3 O & M cost $/ kW 10
4 De-rating factor % 80
5 Lifetime Years 25
6 Temperature percent -0.5
Coefficient

7 Operating °C 47
Temperature

8 Efficiency % 13

3.2 Biomass generator

To meet the 9660 kWh daily electrical load of the
existing farm, the biomass generator of different
capacities was determined from the available capacities
[17] of biomass generators from POWERMAX
company to size this biomass generator which will be
simulated with different configurations and available
sizes and capacities of PV modules in addition to the
available capacity of energy exchange with grid. It is
used the Biomass generator to mitigate the effect of
unavailability of solar energy at night on the stability of
internal farm’s grid as long as reduce the cost of
operation in addition to mitigate the environmental
effect of using poultry litter in its fundamental form as
fertilizer as per the existing situation. One of the
potentials also of using waste to energy technology to
fulfill the demanded load requirement is the cost of fuel
which will be considered zero consequently it will have
a great impact on the total cost of operation of the Farm.
According to [17], the energy generated from 1.0 kW
biomass generator from poultry litter will cost 500$/
kW, includes the cost of installations. Generator
associated costs and other technical parameters used in
simulation are listed in Table 5.

Table 5. Biomass generator parameter

No. Parameters Units Values
1 Capital Cost $/kW 500
2 Replacement Cost $/kW 500
3 Lifetime Hours 15,000
4 Minimum Load % percent 25
5 O & M cost $/op.hr 0.03

3.3 National electrical grid role

In this project, the National electrical grid is used as a
backup for hybrid system PV- Biomass. this is due to
different reasons. The first one is a high rise in
temperature at this location, which will negatively
effect on lifetime of batteries, so it will be required to
store them in a cooled location, that consequently will
increase the cost, on the other hand, the availability of
the grid extension to this location. The location of the

Volume 16, 2021



WSEAS TRANSACTIONS on POWER SYSTEMS
DOI: 10.37394/232016.2021.16.7

farm is near to BAN BAN solar plant, so the National
electrical grid is extended to the location of the farm.
The second reason for using the grid as a backup for this
project is a new law, No. 203 [18], that issued in 2014
in Egypt. The law encourages the private sector to sell
and purchase electricity with National grid using the
net-metering system through renewable energy
generation units.

The net-metering system depends on the calculation
of purchased and selling energy during the month. In
case the sold energy increases the excess of the
purchased energy, it will be added to the next month.
By the end of the year, if the sold energy exceeds the
purchased energy, the national electric company will
purchase this excess of sold energy with the cost of
producing energy in which the Egyptian ministry of
electricity updates this cost each year.

This law maximizes the potential of using the
National electrical grid as a backup for the farm during
the lower energy production from the hybrid PV-
Biomass power plant as well as using as storage in case
of excessing of energy production from PV plant during
the daytime. It also enhanced the stability of the farm’s
grid.

In this model, the value of 0.07 $/ kWh for purchased
energy from the grid and 0.05$/kWh for selling energy
to the grid are entered at HOMER. On the other hand, it
is entered in the model the cost of peak demand rate,
which is 3.75$/kW/month. All the previous rates it is
gotten from the ministry of electricity website [18] for
2019. It is assumed 1$= 16 Egyptian pounds.

3.4 Analysis

National renewable energy laboratory (NREL)
designed HOMER software to deliver the designers of
system with techno-economic feasibility report of the
project. The primary objective of the HOMER is to
reduce the net present cost (NPC) as well as the cost of
operation for the best various configuration of energy
generation system depends on the different inputs. the
annual discount rate of 8% [18] Will be considered
during 25 years of lifetime of the project for the
economic analysis. after the economic analysis, the
HOMER software simulated the lowest COE and NPC
configuration according to the load needs at the farm
Capability of poultry litters production and the available
of solar radiations, which diverse to evaluate the chosen
configuration costs of operation throughout the diverse
loads thru the time of day, month, and year.

4 Results

At this proposal, a hybrid energy generation of
PV/Biomass grid-connected system designed to meet
the requirements of the poultry farm to use it in
electrical uses inside the farm. Using HOMER software
simulated the system to enhance the selected
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configurations of energy generation system matching to
the profile of load, as well as the attained results are
presented in the following.

4.1 Optimization

HOMER optimizes the sizing of proposed
configuration of grid connected biomass and
photovoltaic energy generation system by searching in
available capacity of biomass generator and
photovoltaic modules in market which had inserted in
software before to find the best suitable size and
economic to meet the requirement of the load at poultry
farm. In this model, the search space feature is used
instead of the HOMER optimizer. The search space is
essential to identify degradation or growth in terms of a
percent each year. It is abled also to submit a year-by-
year series of multipliers to meet a forecast that is not
purely a percentage per year.

The multiyear module combines several features to
HOMER's results. It is examined each year of the
project life in the simulation results. The multiyear
module also adds the multiyear plot, which allows us to
plot any result quantity over the life of the project.

In search space for the capacity range of PV, it was
in range of 200 kW to 1800 kW, for biomass generator,
the generator was different from 400 to 2000 kW, in
HOMER, it used the search space feature to choose the
suitable capacity of each component of configuration to
fulfill the demand requirements. It was found that the
most optimal configuration of the proposed
configuration at this study will consist of the diverse
renewable components including 500 kWp of
photovoltaic modules & 400 kW biomass generator
ensued. Those capacities were considered as the best
techno-economic configuration simulated, as displayed
in Fig. 7. HOMER sorted these optimized results. It is
sorted on the base of COE, NPC, and investment of the
initial  capita. HOMER simulated different
configurations for same components of system which
had same the ability to meet the same energy demand
using different sizing of components.

Optimzation esuts

oy e et e Srton s

Fig.7 Optimization results

4.2 Production summary

In Table 6, it is compared electrical production in kWh
per year at the 1st year and 25th year of the project for
the components of winning configuration. It is reviewed
the first and 25th-year data of the project because most
of the changes happened at 1st year of the project. It
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remains almost constant until the project ended, which
will appear later. It is clear from Table 6 that the percent
of participating in energy production of PV plant
remains almost constant during the lifetime of the
project while the participation percent of biomass
generator increases significantly and decreasing
purchased energy from the grid during lifetime of the
project to be only 10.6% of total energy consumed. This
is due to COE of grid at the beginning of the project is
better than COE from biomass while this COE of grid
is starting to increase by 8% annually and COE of
biomass is still constant which will become feasible to
depend more on Biomass energy than to depend on grid
and purchase only the amount of energy that Biomass
generator and solar energy cannot generate it. It appears
clearly this purchased amount from the grid is used to
keep the stability of grid at the farm level due to
penetration of renewable energy. COE of solar energy
is kept constant during the lifetime of the project which
is less than grid and biomass so the total production of
Solar energy is used either on the load level or the
excess is sold to grid to reuse it again during night with
biomass generator.

Table 6. Production Summary of winning architecture

Compon | Total | Energy | Total | Energy
ent energy | percent | energy | Percent
at 1%t at 1%t in 25t | at 25t
year year year year
PV plant | 933,68 | 25.2 933,687 | 23.9
7
Biomass 1,575, | 42.8 2,555,0 | 654
Generato | 200 00
T
Grid 1,164, | 31.7 415,092 | 10.6
Purchase | 733
S
Total 3,677, 100 3,903,7 | 100
527 79

4.3 Monthly Electric Production

It is used to compare the electrical production per
component in Fig. 8 and Fig. 9 of the winning
generation system at Ist year and the 25th year to
illustrate the contribution of each Component in the
generation during the project lifetime. It is clear that the
generation from biomass increases during the project
lifetime. The electric energy purchased from the grid
will decrease during the project, which one of the main
goals of the project to decrease dependence on the grid
and uses it as a backup for the hybrid system. PV energy
generation will almost keep constant during the project.
The contribution of biomass energy increases because
of a gradual increase in the cost of energy purchased
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from the grid beside the cost stability of the production
of biomass energy as the cost of fuel is zero.

w W
T LLITTY

Fig.8 Monthly electric productions at 1st year

Fig.9 Monthly electric productions at 25th year

4.4 Biomass generator

In Fig. 10, the electrical energy production of the
biomass generator will increase during the first year of
the project then continue steadily until the end of the
project.

In Fig. 11, the mean output of biomass generator will
decrease during the first nine years of the project then
remain constant but at the same time, the number of
operating hours of biomass generator as to keep the
energy production remain constant which means at the
beginning of the project, the biomass generator will
cover part of the load. It is due to the cost of Energy
(COE) of biomass energy, which keeps constant versus
COE of the grid.

homdles € 3 4 =

£

Fig.10 Electrical production of biomass generator
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and operating hours

4.4.1 Fuel Consumption

In Fig. 12, the consumption of fuel will increase during
the first year of the project then remain constant until
the end of the project, which means that the biomass
generator will be used at peak hours during first year of
project lifetime On the other hand, starting from 2nd
year of the project till the end, the consumption of fuel
will be the same, which means the total energy demand
from the biomass generator will also be constant. As
COE of grid is increasing by 8% after first year of the
project and COE of biomass is still constant.
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Fig.12 Liter consumption of Biomass generator

4.4.2 Biomass Generator Multiyear Trends
(Percent of First-Year Value)

In Fig. 13, it illustrates the multiyear trends of Biomass
generator's operation characteristics during the project.
Gradually the number of working hours of biomass
generator increases till it reaches more than 200% of the
number of operating hours that generator used at the
beginning of the project .it will remain constant starting
from the 10" year. In the same vein as the number of
starts of biomass generator increases in the first three
years of the project, then start to decrease until it
vanishes in the 10" year of the project. These changes
mean that biomass power generation will substitute
depending on energy from the grid, and this dependence
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will increase gradually through the life of the project
and decrease depending on the grid.

The mean output of biomass will decrease in the first
seven years of the project. The minimum output power
will start to decrease starting from the 1st year of the
project and remains constant starting from the 4th year
of the project. The maximum output power will remain
constant until the 18™ year of the project, then reduce
and will remain constant until the end of the project.

hours of operation (100%=4,149

B
/ . heours/year)
Biomass Generator starts (100%=884 starts/year)

g iomass Generator electical production
(100%=1,659,600 kWhiyear)

Biomass Generator mean output (100%=400 kW)

200

150 4

100
M Biomass Generator min output (100%=400 kW)

s Biomass Generator max output (100%=400 kW)

Fig.13 Biomass generator Multiyear trends

45 PV plant

The output power and energy produced from the PV
plant remain almost constant during the project lifetime,
as illustrated in Fig. 14, and Fig. 15.
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Fig.14 PV plant mean output power
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Fig.15 PV plant energy production (kWh.)

4.6 Electrical grid simulation results

4.6.1 Energy purchased and energy sold

In Fig. 16, It appears the total energy purchased per year
from the grid, total energy sold per year to the grid, and
the net of energy purchased from the grid. The net of
energy purchased decreases lower than 700 MWh at
2nd year of the project until the end of the project. The
decreased at depending on using the grid and increased
using the power generated by Biomass generator and
PV. as the price of purchased energy increases by 8 %
each year.
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Fig.16 Energy purchased and Sold

4.6.2 Energy charge Multiyear trends (Percent of
First-Year Value)

Fig. 17 shows the total energy charge during the lifetime
of the project. The charge of energy decreases rapidly
during the first year of the project .it will slightly
increase during the project until it reaches 20% of the
charge in the first year of the project. This increase is
due to that part of energy power. The farm consists of
Energy from grid, where its price increases gradually.
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Fig.17 Energy charge Multiyear Trends

4.7 Economics

4.7.1 Cost Summary

According to Fig. 18 and Table 7, it shows that the
highest capital cost is the PV plant, while the highest
operating cost and replacement is due to the biomass
generator.

2000000

—
G 1000000
i
]
8
500000 -
0 S

500000
Replacement Salvage Resource

Cost Component

Fig.18 Cost Summary
Table 1 Net Present Costs ($)

Narme Capi Ope ra | Replace | Salv Total
tal ting ment age
Bioma )
S 100K | 122M | 120M | 140 | =70
Gener M
80
ator
. 559,34 559,3
Grid | 0.00 6 0.00 0.00 46
PV 1.25 $0.0 | 1.31
plant M 64,638 0.00 0 M
Syste | 1451y gsp | 120Mm | 140 | 437
m M 30 M

4.7.2 Cash flow

As per Fig. 19, the highest cost in the first year of the
project is the initial cost of the system, especially the
PV plant, while during the lifetime of the project, the
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highest cost will be the operating cost of biomass
generator.
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n

-500000

ost ($)

Year

Fig.19 Cash Flow of the project by Component

4.7.3 Economics Comparison

In Table 8, the base case is the present case in which the
grid powered the farm while the current system is the
winner configuration of biomass generator, PV plant,
and grid. It is clear from Table 8 the Net present cost
(NPC) of the current system is lower than the base case,
which significantly effects on Levelized cost of Energy
(LCOE). The LCOE of the current system is around
48% of the LCOE of the base case. It appears clearly in
OPEX in which the OPEX of the current system is
around 35 % of OPEX of the base case.

Table 2 Economics Comparison

ltem Base Case Current
System
Net Present Cost $8.38M $4.67M
CAPEX $0.00 $1.70M
OPEX $648,503 $230,052
LCOE (per kWh) $0.184 $0.0896
CO Emitted 2228369 292,780
(kg/yr)
Fuel Consumption
(Liyr) 0 6,456

5 Conclusion

With the rapid development of the economy,
sustainable development and energy security are
becoming  significantly  prominent.  Gradually,
renewable energy gains more attention and shows an
essential role in current and future development.
Renewable energy will gradually replace fossil fuels
[19-20], but in a long-time period. Solar and Biomass
Energy are newly developed sustainable resources with
much scope for development in Egypt.

The mentioned Farm has a great potential of
implementing and merging renewable energy using the
grid to reduce the operational cost and add some
resilience dimensions to the existing situation of farm.
The annual average solar insulation at the location at
this proposed farm in Egypt is 6.24 kWh/m?*/day and the
annual average poultry litter production of the farm is
approximately 18 tones daily.
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The current work has 3 purpose dimensions the first
dimension is to study the economic feasibility impact of
using the hybrid PV — biomass grid-connected power
system to power existing poultry farm in Egypt from an
economic perspective to decrease the cost of operation.
The second dimension is mitigating the environmental
impact of poultry litter generated from this farm on
surrounding community and using it as benefit instead
of considering it as problem through using waste to
energy technology. The third dimension is to decrease
depending on the fossil fuel to generate electricity and
using the renewable energy to enhance the resilience
and redundancy of power generation to this farm using
existing renewable energy at this location.

The hybrid PV-wind-biomass power system was
modeled and analyzed by HOMER simulation software.
The best suitable design with high economic value
includes 500 kW PV panels, 400 kW biomass
generators. It can potentially produce enough electricity
to meet the load demand of the farm. The initial cost for
this system is about 1.45 million US dollars, which is
quite high if it compared with the case of using
electrical grid which is the exist situation. However, if
it is considered the increase in the cost of kilowatt-hours
of electricity of grid at each year by 8 % the benefits
will be significantly enhanced, and the cost of energy
would drop to 0.0894 $ versus if it was continued using
the grid which will be 0.184 §$ in case of using the grid
in coming years without shifting to use the existing
renewable energy resources available at the farm.
Furthermore, replacing fossil fuels with renewable
energies in the electrification sector can also contribute
positively to reducing CO, emission. reducing
depending on the grid as main source of energy which
was at first of year of the project was 30 % and then
reduced again to be 10% during the lifetime of the
project will add resilience and redundant dimensions of
using renewable energy to the project.

6 Recommendations and future work
For future work, Egypt had a high potential of using
solar Energy with Biomass in the generation of
electricity so it should be based on:

1. Continued study on the subject and improved
the hybrid system to a grid-connected system.

2. Study the feasibility of using biomass resources
found in Egypt in conversation to electrical energy.

3. Do tests and analyses to find if biomass prices
have an impact on the feasibility of the system.

4. Do more economic analysis to propose a
suitable and realistic electricity price in case of using
large scale poultry litter in electrical generation plants.

5. Do more studies on improving the efficiencies
of poultry biomass generators.
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