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Abstract— Electricity is a significant cost for the dairy sector
and a major factor in rural energy demand growth. In this
paper we scrutinized optimal sizing of solar array and battery
in a stand-alone photovoltaic (SPV) system to provide the
required electricity for a dairy cow farm located in Terny Beni
hdiel in Tlemcen, Algeria. The PVSYST software tool was used
for simulation of the system. The study is addressed to loads in
the small dairy farm with energy consumption levels of aroun
121 kWh per day. The stand-alone PV system consists
Solar panel, DC-DC Converter, Maximum Power gfoint
Tracker, DC/AC Inverter, and Battery.

Keywords- Stand-alone photovoltaic system; T ni-hdiel,
dairy farm; PVSYST software; Simulation.
Introduction

The scarcity of electricity in rural d and the need for
low cost power is driving t@world towards the
photovoltaic industry. Solar p aic systems, through
their flexibility in use, offe chances for the energy
sector to provide “pack energy services to remote
rural areas such a ral health care, education,
communication, water supply and agriculture.

Other agricultura apphcatlons in wide use are PV
electric fence resting applications that still need to

prove the licability are: aeration pumps for
aquag t control, fish and poultry lighting. Small
PV va refrigerators are used extensively in the human

and veterlnary health sectors, mainly because of their high
reliability. Developments in PV refrigeration could bring
household refrigerators in reach within the short to medium
term. Larger refrigerators (for example for conservation in
dairy, meat and fish production) still demand too much
energy to be economically powered with PV. Successful
examples exist of hybrid PV/diesel and PV/wind systems
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for refr1ger6\\nd other higher energy consuming

apphcatl
Livestoc s an important role in the livelihoods of many
rur ejlers in Africa. This is particularly true in semi-arid
here livestock provides marketable products such as
t, milk and eggs, which are generally less vulnerable to
1tical harvest timing than many crops [1]. Livestock are
also used as a store of wealth or as insurance against
droughts. Domestic animals in rural communities are
especially important, where they act as a “savings bank”,
provide draft for farming and transportation, produce fuel,
and yield non-food goods, such as leather and wool [2].
Hence, beyond nutrition, livestock offer further societal
benefits, highly diverse and not easily quantifiable Further,
the capacity for livestock production and marketing can be a
potent catalyst for rural poverty alleviation and an important
contributor to sustainable rural development. The
introduction of storage and processing methods could
substantially improve the welfare of smallholder farmers.
For example, progress could be made on the use of solar-
powered refrigerators for dairy, fish and meat processing
and for storing vaccines for veterinary and extension
services [3]. In general, interventions aimed at reducing
livestock mortality and improving animal nutrition and
management would allow for greater use of renewable
energy throughout the traditional agricultural system. In
stand- alone systems, sizing is extremely important since an
adequate design lead to an efficient operation of the
components with a minimum investment. So, the objective
of this process is to achieve a system with the best
compromise between the reliability and cost. However this
is not easy because the resources and the load behave in a
very random way. The main aim of this study is, therefore,
to sizing stand alone photovoltaic system powered dairy
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farm. The stand-alone photovoltaic system is a solar plant
that operates in autonomous manner, very often, far away
from the grid. The block diagram of a stand-alone
photovoltaic system is shown in Fig. 1.

Fig. 1 shows the components of such a system, namely: PV
generator, controller, batteries, inverter, and loads.

There are twelve major types of softwares for simulating
Solar PV System these are RETScreen, PV F-Chart,
SolarDesignTool, INSEL, TRNSYS, NREL Solar Advisor
Model , ESP-r 11.5, PVSYST 4.33, SolarPro, PV
DesignPro-G, PV*SOL Expert, HOMER and many others
available are DDS-CAD PV, Polysun , APOS photovoltaic
StatLab , PV Designer, SolarNexus ,Valentin Software, PV
Cost Simulation Tool, NREL's In my Backyard ,. These
software tools have been developed for analyzing various
types of PV systems. In this study we interest for The
PVSYST software because has the capability of determining
the sizing of standalone and grid-connected PV systems.
The approach is based on mathematical modelling of each
component, and sizing by the new PVsyst Version 5.0 in
order to better manage and control the energy flow so to
ensure reliable supply of demand.
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Figure 1. Schematic of stand-alone ph&voltaNy System

I. SYSTEM 88 TIONS
A.  System Description

Photovoltaic systc@c@n the synergy between RE

sources and conventi rgy systems can be a reliable
solution for remote? provide their need of energy

In SPV syste solar array transforms solar radiation
falling on it e into DC electricity. The controller with
the M s to extract utmost power from the solar

array. nconcerned with the variation of solar radiation
and teMferature and conserves the battery from
overcharging and under-discharging. The energy is stored in
the battery when solar array produces more power than load
demand or supplies power to load when the solar array
produces less power than the load demand during cloudy or
rainy days or at nights. The inverter converts DC into AC at
a similar voltage level and frequency of the power grid for
the convenient usage of normal AC loads.

Identify applicable sponsor/s here. (sponsors)
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B.  System Components Si

The equipments u% construct the stand-alone
photovoltaic system for suggested remote dairy farm
described abovg Lﬁnmarized with some details and

b

speciﬁcationz\\ 1.
T .
4

PHOTOVOLTAIC MODULE SPESIFICATION [4]

le®trical characteristics for SANYO HIP-5618 Solar Panel

TC Power Rating Pp,,,(W) 56
Open Circuit Voltage Vo (V) 239
Short Circuit Current I (A) 3.61
Voltage at maximum power 18.1
Vinp(V)
Current at maximum power 3.09
Lup(A)
Panel Efficiency 12.4%
Fill Factor 64.9%
Maximum System Voltage 500
Vinax(V)

The battery proposed is Solar S12/85A, with the
specifications shown in Table 2 [5]

TABLE II. BATTERY SPECIFICATIONS
Model S12/85A
Nominal voltage 12
Nominal capacity at C100 85Ah
Current of discharge 0.85
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C. Site Details

The geographical location of the interest village is located
at latitude, north 34°47°45°’, longitude, east 1°21°32”’E [6].

Figure 3. Study area

D. Load demand for proposed farm

The dairy farm comprises the following rooms: saloon,
bathroom, 2 bedrooms, kitchen and other devices used in
this residential unit. Our analysis found that the daily
electricity average demand is 121 kWh/day in the months
from October to March. The load analysis calculation is
listed in Table 2. Fig. 3 illustrates the hourly load profile;
whereas the majority of the load occurs during the day time

(8 am to10 pm).
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Figure 4. Distribution of the consuwer requirements during the

[
aic device must be based on the

E.  Photovoltaic arra

A model of ph&go

electrical  cha tics, i.e., the voltage-current
relationship cells under various levels of radiation
and 1 1l temperatures. It turns out that a relatively

at
simp @ ized one diode model can be used for system
design pagfoses [7].
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Figure 5. The equivalent circuit for the one diode PV- ggn odel.

t
\%age U of

equating the
urrent I, to the

The relationship between the current I
the equivalent circuit in figure can be fo
light current I}, diode current Ip, and

operation current I [8] that is
&
n 4

U+l
]:IL_[D_[sh:[L_[o R—K

Where

x ent, A
everse saturation current, A
RS: sh

series resistance and shunt resistance,
respectlv
a o curve fitting parameter
operation voltage, V
operation current, A
power P produced by the PV generator is simply given
by

P=UI

2

II.  RESULTS AND DISCUSSIONS

A.  Solar radiation data

The global solar irradiation on horizontal plane, as well
as the diffuse on horizontal plane and the global solar
irradiation on titled plane plotted in Fig. 6, were obtained
from the available references or the 22 years average values
which are recorded in NASA

The annual average solar energy is 4.91kWh/m2.mth
with December having the worst solar energy average, while
july has the best solar energy average in one year.
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Global on horizortal plane 4.91 BARM® day
Gobal on tited plane 536 KWhin® day

Diffuse on horizontal plane 1.83 KAYhim? day
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Figure 6. The Monthly averaged solar radiation intensity.

B.  Design of Photovoltaic array

The electrical data of the selected Sanyo, HIP-5618
module is used as input data to solve the governing
equations for the PV module. Equations (1) to (2) are solved
to predict the performance of a typical Sanyo, HIP-5618
module. Results are shown in Fig. 7 and Fig. 8 as the /-V
and P-V characteristics of the selected module at different

incident irradiation.

a T T T

Cels temp. =45 °C

Incident Itrad. = 1000 Wim?

sk Incident Itrad. = 800 4Win?

Cumrent [4]
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Figure 7. Th;@ly averaged solar radiation intensity.
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C. Energy input and o

Figure 8.

f solar power system

The energy
is then calcul
plotted as sh gure 9.

200 I I

deby the designed photovoltaic array
espect to the load, and the energy is

180 |

Figure 9. Generated energy by the designed PV array.

In figure 10,

photovoltaic power variation,

it is possible to see the monthly
the peak of monthly

production was reached in July (4900 KWh) whilst the

minimum in December (3000 KWh).
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Figu e 10. Monthly produc ion of Power generated by he PV array.

D Batte y du ing cha ge

Fig. 11 shows the state of charge (SOC) of the battery
storage for a year (jan—Dec months). The SOC alue of 1 0
indicates that the battery is not used while SOC alue is less
than 1.0 means that the battery is used. Thus t s cleared
from Fig. 11 hat wha e er the alue of the insolation le el
be during he day the max mum dep h of discharge of the
battery will not exceed the designed maximum permissible

alue wh ch is 80 %.

1 1 1 1 1 1 1 1
- Avwerage Stete of Charge during period, 06740
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Figure 11. Bat ery storage SOC for the designed PV sys em.

Conclusion

A PVSYST based photo oltaic s and-alone model is
present in this paper. The system consists mainly of a PV
array contro ler battery bank and in erter. A computer
program using PVSYST ( erson 5.62) for sizing and
performance prediction of the system is de eloped. This
program uses models for solar radiation the PV array with
different fixed tilt angles and tracking ,sc@s. A
simulation result gi es some preliminary rex on he
performances analysis of the photo olgmc gtand-alone
system to power a dairy farm at he Ter diel area.

REFERENGES \
i\,

[1] Marara J.K. (2009) Global and li estock husbandry in
Kenya Impacts and adapta@ olog cal Economics 68 1915-

192 .
[2] ILRI 2009) Climate @ck and Po erty - Cha lenges at the
Inte face. Inten%L" tock Research Insti u e (Nai obi Kenya)

2009. *

\ 2000) Solar Photo oltaics for sus ainable
agr cultur al de elopment FulReport FAO.

arp com hip 5618-solar-panel-from-sanyo-
6 17639d.aspx

[5] W gola is-store com
[6. fr.getamap.net/cartes algeria/algeria_%28general%29/ e n ben

d el communede/Commune de Terni Beni Hadiel

@ Green M. A. 1982) Solar Cells- Opera ing pr nc peles Technologiy

and System Appl ca ion. Pren ice Ha l. New Jerse .

[8] Duffie J. A. and Bechman W. A. (1991) Solar Eng neer ng of
Thermal Processes 2" edn. John Wiley & Sons Inc. New York.

www.edlib asdf res.in



