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Abstract

With the growth of greenhouse gases in the atmosphere, renewable energies have become a promising solution to reduce
global warming and pollution. One of the government’s goals is to introduce renewable energy in all sectors, especially the
agricultural sector, which relies heavily on fossil fuels to operate milking cooling systems and other systems. This article
presents a real study on the feasibility and efficiency of Grid connected PV system on a dairy farm, in Tlemcen province. It’s
a typical farm that consumes about 42MWh / year of electrical energy. On this basis, we will dimension the system using
the HOMER software, to feed this farm. A Grid connected PV system of 30W could produce 54.03MWh/yr, with Renewable
Fraction of 53%, and 28.54kWh/yr was generated from the PV array, and 25.44kWh/yr is the amount of electricity purchased
by the grid, while, the energy injected into the grid was estimated at 8.430 MWh/yr. In order to show the feasibility of this
system we will proposed another system based on diesel generator, so that we can economically compare between the two
systems, the lowest net present cost (NPC) of Diesel system of 25kW was estimated at 826$, with a cost of energy (COE) of
1.51$/kWh, while, the highest net present cost (NPC) of PV-Grid system (40kW) is 233$, and the cost of energy (COE) is 0.42$/
kWh. Therefore, this study shows the effectiveness of the grid-PV system in economic and environmental terms, thus, the use
of this system in most dairy farms in Algeria contributes to the development of national agricultural production.
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Abbreviations: CFDs: Computational Fluid Dynamics;
NPC: Net Present Cost; COE: Cost of Energy.

Introduction

Electricity is an important element in the development
of countries, as the consumption of electricity in Algeria is
increasing annually about 9.5% [1]. According SONELGAZ,
the number of customers increased from 6.04 million in
2007 to 7.42 million in 2012 [2], this is due to economic
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growth and demographic growth. Therefore, the Algerian
government is seeking to stimulate the renewable energies,
and one of the state’s objectives is to install solar power
plants and wind energy, estimated at 22 GW, by 2030 [3].
The sunshine duration in Algeria varies from 2000h to 3500
h per year [4].

Renewable energies have great advantages on the

farmers in Algeria. On the one hand, the renewable energy
generation in rural villages to power their homes farm
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operations, especially, for pumping water, cooling and
refrigeration, on the other hand, to help dairy farmers to
produce larger amounts of milk. Because the ventilation of
any dairy housing structure is of paramount importance,
dairy cows need a healthy fresh air for them to achieve their
production potential. Moreover the fans installed in the
barn will reduce the heat stress and encourage the cows to
come to eat, in addition to that, cows can breathe easier and
maintain their body temperature, once the temperature goes
above 25°C cows will reduce feed intake [5].

In the literature, several researchers discussed the
impact of renewable energies on the development of the
agricultural sector. In all developed a countries, electricity
is critical to many farm operations. A New York state dairy
farm study in 2003, was estimated that an average electrical
use of 781kWh per cow per year [6]. Maammeur, et al. [7]
have chosen a typical farm in Chlef, then they calculated the
daily amount of electricity consumed by the agricultural
equipment, then they proposed a grid-connected PV system
to feed the needs of the farm. Nacer, et al. [8] analyzed the
performance of a grid-connected PV system on family farms
in rural areas. Bey, et al. [9] did a study that was done in a
dairy farm south of Tlemcen, the methodology of this study
is to optimize irrigation and lighting, using a grid connected
photovoltaic system. Another study was carried out in India
by chel and kaushik [10], to promote renewable and clean
energies in the agricultural sector. A similar review was
conducted in Turkey by Bayrakci and Kogar [11], which plans
to promote and apply the different forms of renewable energy
in agriculture. Houston, et al. [12] assessed the positive
impact and efficient of the use of renewable energies in small
dairy farms. Another study on the technical-economic impact
of a hybrid PV / wind turbine system on a medium-sized
farm in the desert of Algeria using HOMER software [13]. In
the same context, there is a technical-economic analysis in
California that influence on the uses of renewable energy on
farms [14]. Dairy buildings often need ventilation to change
the air inside Shen, et al. Suggested a computational Fluid
Dynamics (CFDs) to provide natural ventilation on a dairy
farm [15]. In north-western coast of Sicily, Tudisca, et al.
conducted an economic study of four photovoltaic devices
for farm buildings in four farms, the purpose of this system
is to meet the total needs of these four farms, in addition
to selling electricity to the grid [16]. There was sufficient
theoretical research evidence regarding the application of
renewable energy on farms.

Milk comprises almost 90 percent water, so it's not
surprising that a cow’s water intake has a major effect
on her milk production. The quality of this fresh water is
fundamental to encourage the animals to drink and eat more
and therefore to produce more milk. Cows need at least
three liters of water to produce one liter of milk. This means
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that high yielding dairy cows are in need of more than 150
liters of fresh water each day. Most researchers feel the ideal
drinking water temperature is between 15°C and 17°C. Cows
like to drink clean and fresh water. In addition, the dairy
farmer expects a lot of its cows; however, the cows cannot
meet dairy farmer needs if they did not live under optimal
conditions [5].

Electricity and oil products are the two primary energy
sources consumed in agricultural farm, livestock and
conservation of farming products. There has been a great
deal of research in this area. The main objective of this study
is to promote renewable energies in the field of agriculture,
especially on dairy farms, and secondary objectives.

e Calculating the daily, monthly and annual electricity
consumption which includes: ventilation, milking, water
pumping, agricultural product storage, milk cooling, and
lighting, to predict the size of photovoltaic system that
can reduce the purchase of electricity from the grid.

e Comparison on the technical and economic level,
between the proposed Grid-connected Photovoltaic
system and the most used system (diesel).

Methodology

Description of the Site

Remchi is a town and commune, is located in a
north of Tlemcen province (35°04’N, 1°26'W). Remchi is
characterized by a Mediterranean climate; it is also located
on fertile agricultural lands. The irradiation and temperature
are shown in Figurel.
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Figure 1: Irradiation and temperature in the site of
Tlemcen.
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This study was conducted on a traditional farm, that we
visited to know the equipment that works by electricity and
the most important problems faced by farmers such as the
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electricity cuts. The area of this farm is about 450m? where
there is a milking parlour, a storage room of agricultural
produce and the largest area was for grazing, there are 50
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dairy cows that feed on maize grass. As shown in the picture
below Figure 2.

Figure 2: Typical dairy farm in Remchi.

Electricity Consumption at Dairy Farm

The dairy farm electricity consumption was required for
different usages: Lighting, Ventilation, Milking, Cooling milk
and Refrigeration for agricultural products storage, water
pumping.

Lighting: A natural lighting is not sufficient in a dairy farm;
it must be supplemented by artificial lighting. Dairy cows
that are given 16 hours of light continuously each day will
increase milk production from 5 to 16% with feed intake up
6% and they will maintain reproductive performance, when
compared to cows receiving 13.5 hours of light or less [5].
The daily electrical consumption of lighting is given by the
following equation:

E

Ligh = NLamp PLamp tLigb ( 1)

Where, £ ”

an 1S the daily electrical consumption of lighting

(Wh/day), Py 18 the power of the lamp (W), N is the

Lamp

total number of lamps and ¢, is the time of lighting.

Ventilation: During the warm period, providing fresh air in
the farm is very important, moreover the fans installed in
the barn will reduce the heat stress and encourage the cows
to come to eat, and hence for producing more of the milk.
However, in November, December, January and February,
there is no need to operate the fans. The daily electrical
consumption of ventilation is given by the following equation:
E =N_P t (2)

vent fan™ fan” fan

Where, £ isthe daily electrical consumption of ventilation

t
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(Wh/day), P, is the total

lan

is power of the fan (W), N

fan

number of fans.

Milking: Cows are usually milked twice a day, although some
farms are milking three times a day. More frequent milking
results in higher milk production if adequate nutrition is
provided. The daily electrical consumption of milking is
given by the following equation:

E .=Ng. Pt 3)

Milk Cows™ Milk

Where, £,

« is the daily electrical consumption of milking

(Wh/day), P, is power of the milking machines (W), NV

Cows

is the number of dairy cows, ¢, . is the time of milking.

Milk

Cooling milk and refrigeration for agricultural products
storage: Cooling and Refrigeration are a critical component
of the dairy operation. This requires a sanitized and empty
tank, to maintain milk temperature at 4°C. And the cold
rooms to conserve agricultural products after harvest. The
daily electrical consumption of cooling and refrigeration is
given by equation:

EE&R = chtc + NRM PRM tR (4)

Where, £, . is the daily electrical consumption of cooling

R
and refrigeration (Wh/day), P is the power of the tank, ¢_ is
the cooling time, N, is the number of refrigeration

machines, P, is the power of refrigeration machine (W),

and ¢, is the time of refrigeration.
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Water pumping: Any dairy farm consumes a lot of water,
because high-yielding cows need more than 150 litres of
fresh water every day, the hygiene of barn requires also a
considerable amount of water. The total daily amount of
water is calculated by the following equation:

Qwater = CowsNCows +Qﬂyg (5)

The daily consumption required for water pumping is
calculated by equation:
E =P ¢t (6)

pump pump pump

Where, F is the daily consumption required for water
pump

pumping, P is the power of pump, and £ pump the time of
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pumping. The time of pumping can be given by equation:
tpump — Qwarer (7)
Q

pump

The total electricity consumption of dairy farm is calculated
using the equation below:

E _+FE +F

demand = Ligh vent Milk

+E(I&R +EPump (8)

Table 1 contains the results of the equipment and
highlights key energy consumers and the operating hours
and the power rating for each piece of equipment.

Equipment Type Operation h/day Power (W) Number of
S ] ] 30 10 lamp (fluorescent lighting)
Lighting 16 (in Winter) —
40 20 lamp (fluorescent lighting)
Ventilation 16 (in Summer) 750 5
Milking 3 550 5
Cooling 14 1235 3
Refrigeration 24 980 1 cold room [20]
pumping 5 450 1

Table 1: Power rating of appliances and the corresponding operational hour.

Power Generation of Photovoltaic System in
Dairy Farm

As Mediterranean region has very good resources in
most locations. Given the sun availability, and the annual
electricity consumption of the farm of approximately 42.34
MWh, implementation of a solar energy system is considered.
The average electricity being consumed by the dairy farm
was estimated at 122kWh/day. The PV system to fully meet
the load demand, it includes of a solar PV panels, inverter, DC
and AC consumers, as shown in the Figure 3.

-

Figure 3: Grid connected PV system.
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The peak power of the PV system is calculated by the
following equation:

E x P,
A — demand i (9)
R xFxn.
g inv

Where, P, is the peak power of the PV system (kWp), P is

the solar at STC (1 kW/m? 25°C), R, is the global solar

radiation, which is equal to 5.48kWh/m?/day, in the most
favorable month. Fis the PV derating factor, which is between
0.85 and 0.90, is the inverter yield (95%). The daily
consumption of electricity was estimated at 157.59kWh/
day; in the summer period. We use equation (9), to calculate
the value of the peak power of the PV system, the value found
is 37.83 kWp, at standard conditions.

The HOMER software has been used to calculate the

energy output from photovoltaic system, using the following
equation [7]:

EPV = CPVfPV [G’ij[l + aT (TPV - TPV,SC )i| (10)

sc
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Where, C,, is the nominal capacity of PV array; f,, is the PV
module efficiency; «, is the coefficient of the temperature of

power (%/°C); which is between -0.5%/°C and -0.3%/°C in
crystalline silicon [17]. G is the solar radiation on a tilted plan
module (kW/m?), G is the solar radiation at standard
conditions (1kW/m?). 7,,.T,, ¢ These are the temperature
of the PV module and the temperature of the PV module at
standard conditions (25 °C), respectively.

When PV power exceeds demand, the PV system has to sell
the excess energy to grid. According the following equation:

E :EPV_

Sold

Edemand (11)

When, electrical need exceeds PV energy, therefore, the
PV system could not to address the needs of farm, and then,
the energy required must be purchased by grid.

E =F

gri demand

E, (12)

The energy consumed by the farm during 8760h, and the
Energy Efficiency are calculated according to the following
equations:

Egre0 = Epy +Egrid (13)
E
EE =" (14)

8760

Where, £,, is the energy produced by PV system (kWh/yr),

E _ the energy consumed by grid (kWh/yr), RF is the

grid

Renewable Fraction, F

aeo 1S the energy consumed by the

farm (kWh/yr).

The Cost of the Photovoltaic Installation

We will use a simplified method of calculation of the cost
of photovoltaic installation. First, we calculated the life cycle
cost LCC analysis uses a combination of the initial capital cost,
operation, maintenance costs and replacement costs. The life
cycle cost can be calculated using the following formula:

=C _+C +C —-C_ (15

ann tot acap a0&M arep sal

Where, Copis the annualized capital cost ($),C,,,, is the

0&M

operation and maintenance costs ($/yr), Crep 1S the salvage
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costs ($) [18,19].
The annualized capital cost can be calculated by following
equation [18]:

Coop =C., CRF(i,R ) (16)

acap

Where, C,, is the initial capital cost of the component ($),

CRF capital recovery factor, i is the interest rate, Rpmj is the
project lifetime.

The capital recovery factor can be calculated by following
equation [18]:

CRF(i,N =M 17
() (1+1’)N—1( )

Where, i: real interest rate, N: Number of year.

HOMER uses the following equation to calculate each
component’s annualized replacement cost [18]:

Corp =CooploySFF (1R, )~ S.SFF(i,R, ) (18)

arep rep” rep

Where SFF: Sinking Fund factor.
£, 2 factor arising because the component lifetime can be

different from the project lifetime, is given by [18]:
CRF (i, Rproj)

CRF (i, Ryep)
0 Ryep =0

Ryep >0
frep = rep (19)

R, the replacement cost duration, is given by [18]:

rep comp

R
R =R INT(ﬂJ (20)

comp

R
Where [NT[ﬂ] is the integer function, returning the

comp
integer portion of a real value.
HOMER assumes that the salvage value of the component

at the end of the project lifetime is proportional to its
remaining life. Therefore the salvage value S is given by [18]:

R
S=C_—rm (21)

rep
comp

Where R, the remaining life of the component at the end

of the project lifetime, is given by[18]:

Copyright© Mostefaoui Z and Amara S.

Case Study in the Mediterranean Region (Tlemcen). Phys Sci & Biophys ] 2022, 6(1): 000204.


https://medwinpublishers.com/PSBJ

Rrem = Rcump - (Rproj - Rrep ) (22)
Rt Lifetime of the component, R, :project lifetime.

The total net present cost of a system is the present
value of all the costs that it incurs over its lifetime, minus the
present value of all the revenue that it earns over its lifetime.
Costs include capital costs, replacement costs, O&M costs,
fuel costs, emissions penalties, and the costs of buying power
from the grid. Revenues include salvage value and grid sales
revenue.

HOMER calculates the total net present cost using the
following equation [18]:

C — Callll,fl)f (2 3)
e CRF(I',R )
proj

And for cost of energy is calculated by [18]:

Cann tot
COE = —2mtot (24)

demand
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Results and Discussion

The average annual consumption of electrical energy for
the farm Figure 4, was calculated using the equations derived
above. The high consumption of electricity is meant for
cooling equipments, where it was estimated at 8.64kWh/yr,
which included three cooling tanks from 330 liter. As well we
have annual electricity consumption equal to 4.87kWh/yr,
destined to the ventilation; it was precisely because we want
to minimize stress of the cows, consequently, milk production
increases. Whereas, the lower energy consumption for
pumping, because, we have just one water pump , which is
used only to ensure clean water for cows, and for hygiene
applications, which equals 0.87kWh/yr. on the other hand,
refrigeration equipments consumes around 3.92kWh/yr,
respectively, which included one positive cold room with an
continuous operation. And then, the average consumption of
electricity for milking was estimated at 1.37kWh/yr, that we
have five vacuum pumps (550 W). For lighting, the average
consumption of electricity was estimated at 2.07kWh/
yr, and we have opted for the fluorescent lighting because
they consume less energy, whereas, we avoided using an
incandescent lighting because consume more energy, also
emit a significant amount of heat [20].

Figure 4: Average consumption of electricity per year (kWh).

The farm’s consumption is divided in three parts,
according to the following illustration Figure 5:

Small Consumptions (January, February, Mars,
November, December)

During the day, we have a three milking per day, and the
milking process can take from 1 hour to 1:30 hour, and just
after, it takes a cooling and storage of milk before the sale,
in addition, the operation of the other equipments (lighting,
pumping, and refrigeration) except for the ventilation.

Mostefaoui Z and Amara S. Efficiency of Grid-Connected Photovoltaic System in the Dairy Farms:

Therefore, the daily consumption is 99.09kWh/day, in the
night the consumption is almost null.
Medium Consumption (April, May, September,
October)

In this period, the daily consumption could up to
110.84kWh/day. In addition to milking, cooling and storing
milk, lighting, pumping, and refrigeration, we also need
ventilate the barn from 12:00 PM to 17:00 P.M, because at
that time the temperature can rise to 39°C.
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High consumption ( June, July, August) to about 16 hours, because this region is characterized hot
summers. Therefore, the daily consumption is estimated at
Nothing will change for the consumption of this period, 157.59kWh/day.

except the time of the ventilation increases, from 5 hours

Figure 5: Electrical energy consumption profile of the farm.

The peak power of the PV system is P,= 37.83kW, kW), four power of converter (25, 30, 35, 40 kW), and a single
(equation 2), the monthly average temperatures, and the power of grid (1000kW), that give 16 simulation results, they
daily radiations, are used to the simulation with HOMER are shown in the following Figure 6.

software, we have four power of PV system (25, 30, 35, 40

Figure 6: Simulation results of Grid-PV system.

The tilt angle of 20° has given a best value of renewable compare them with 25° 30°,and 35°. After having the optimal
fraction RF, and then a best production of PV energy, if we tilt, we have therefore simulated the grid-PV system with
Mostefaoui Z and Amara S. Efficiency of Grid-Connected Photovoltaic System in the Dairy Farms: Copyright© Mostefaoui Z and Amara S.
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different PV powers; we have opted for a PV system power
which allowed the equality between the total production of
PV system, and the total consumption from the grid, in the
year.

The Table 2 below summarizes our main results of
simulation, the four power of PV system (25, 30, 35, 40 kW),

Physical Science & Biophysics Journal

the total production of PV system, the total consumption
from the grid, the renewable fraction, and the annual
consumption of the farm. We found that the 30 kWp can
generate a production of PV system nearly equal to grid
energy consumption, where, 53% produced by PV array and
47% of grid purchases.

PV system PV energy (MWh/ Grid energy
power (kWp) yr) (MWh/yr)
25 23.786 26.873
30 28.543 25.447
35 333 24.297
40 38.057 23.35

Total production Renewable con::;n;tion
i 0,
(MWh/yr) fraction (%) (MWh/yr)
50.659 47
53.99 53
42.705
57.597 57
61.407 62

Table 2: The variation of the renewable fraction according to the photovoltaic power.

When we made the annual energy balance for 30kW , we
have the following results shown in table (2). The amount of
energy supplied from PV-grid systemis 53.99MWh/yr, 28.543
MWh/yr was generated from the PV array, and 25.44MWh/
yr is the amount of electricity purchased by the grid. On the
other hand, the energy injected into the grid was estimated
at 8.43MWh/yr, while, the annual energy consumption of
the farm was estimated at 42.70MWh/yr, and the renewable
fraction is found equal to 53%.

However, the monthly average electrical productions
by PV array of 30kW,, and the purchased energies from the
grid, are shown in Figure 7. We found that the PV system of
301<Wp covers over half of the farm load within 7 months
(Marsh, April, May, June, July, August, and September), in
fact, there was also the PV energy production, within the
following 5 months, January, February, October, November,
and December, but it is not sufficient. This is because, the
duration of sunshine in summer is very important compared
to winter.

=)

Power (kW)
) o

I

N

Monthly Average Electric Production

Figure 7: PV-grid system of 30 kW.

PV
=== Grid

J

The hourly photovoltaic and grid energy consumption,
and the energy sold to grid of each period, were illustrated
in Figure 8. For 21th December, from 00.00 to 06.00 a.m,
and from 18.00 p.m to 00.00, there was no photovoltaic
energy production, therefore, we will need to purchase from
grid. From 09.00 a.m to 16.00 p.m, there is a production of
photovoltaic energy, at 12:00 thr E_, is higher than the load
of the farm; we must therefore to sell to grid. However, the
purchased energy is higher than the sold energy.

For 20" March and 23" September, from 00.00 to 06.00
a.m, and from 17.00 p.m to 00.00, there was no photovoltaic
energy production, therefore, we will need to purchase from

Mostefaoui Z and Amara S. Efficiency of Grid-Connected Photovoltaic System in the Dairy Farms:

grid. While, from 07.00 a.m to 17.00 p.m the photovoltaic
energy is higher than the load of the farm; we must therefore
to sell to grid. Thus, the sold energy is significantly higher
than the purchased energy.

For 20% June, from 00.00 to 05.00 a.m and from 19.00 p.m
to 00.00, there was no photovoltaic energy production,
therefore, we will need to purchase from grid. While, from
07.00 a.m to 17.00 p.m the photovoltaic energy is higher than
the load of the farm; we must therefore to sell to grid. Thus,
the sold energy is significantly higher than the purchased
energy.
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Autonomous Diesel System

We have proposed a second system which is the
autonomous diesel system, to compare them with the PV-
grid system. The simulation results in Figure 9, show that
the lowest net present cost (NPC) was estimated at $826,
with a cost of energy (COE) of 1.51$/kWh, and the annual
diesel consumption is 20,24Liter/yr, where, the number of
hours worked is 2,45 hours, which reduces the lifetime of

Physical Science & Biophysics Journal

generator, while, the highest net present cost (NPC) of PV-
Grid system is 233$, and the cost of energy (COE) is 0.42%/
kWh, Knowing we took the size of an array at 40 W instead of
30W. Therefore, the diesel system is not economical, which
confirms and shows the interest of the PV-grid system. In
addition, negative environmental impacts resulting from the
diesel system such as greenhouse gas emissions (Table 3).

PV-Grid Diesel Farm consumption (MWh/yr)
Power (kW) Total NPC ($) COE ($/y1) Power (kW) Total NPC ($) COE ($/y1) 127
40 233 0.4 25 826 1.5 '

Table 3: The economic comparison between the Diesel system and the Grid-PV system.

Figure 9: Simulation results of Diesel system.

J

Conclusion

The purpose of this article is to conduct a real study on
the feasibility and efficiency of Grid connected PV system
on a dairy farm, in Tlemcen province. It’s a typical farm that
consumes about 42.34 MWh / year of electrical energy. On
this basis, the system was dimensioned using the HOMER
software, to feed this farm. A Grid connected PV system of
30W could produce 54.03 MWh/yr, with Renewable Fraction
of 53%, and 28.54kWh/yr was generated from the PV array,
and 25.44kWh/yr is the amount of electricity purchased
by the grid, while, the energy injected into the grid was
estimated at 8.43MWh/yr.

And to show the feasibility of this system we have
proposed another system based on diesel generator, so that
we can economically compare between the two systems, the
lowest net present cost (NPC) of Diesel system of 25kW was
estimated at $826, with a cost of energy (COE) of 1.51$/kWh,
while, the highest net present cost (NPC) of PV-Grid system
(40kW) is 233$, and the cost of energy (COE) is 0.42$/kWh.
We can therefore conclude that the PV system is an economic
and promising approach to develop agriculture in Algeria
and the Mediterranean countries, in addition, to save the

Mostefaoui Z and Amara S. Efficiency of Grid-Connected Photovoltaic System in the Dairy Farms:

planet from pollution for future generations.
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